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Abstract
These experiments seek to investigate the effects of the fixed
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variations to the basic box plot on subjects' judgments of the box lengths.
The study consists of two experiments, were constructed as an extension
to the experiments carried out previously by Hussin, M.M. (1989, 2006).
Subjects were asked to judge what percentage the shorter represented of
the longer length in pairs of box lengths and give an estimate of
percentage, one being a standard plot and the other being of a different
box length and also varying with respect to other elements such as, box
width or whisker length. When he (1989) suggested in the future research
points (1, 2), the changing length of the standard box plot effects on the
subjects’ perception of the box length. However, both experiments were
used the stander box length as the middle box length levels in the
experiments. The results of these two experiments indicated that these
variations effected the subjects' perception of box length. we thought that
the effect in the subjects perception of these variations it might be that the
subjects were affected by the visual illusion effects as Cleveland et al
(1987) accepted in their replies to the comments on their work, as a results
of the interactions between box plot features as which effect the subjects
ability to accurately judge box length and the effects differed between
variations, both experiments were run in statistics department, Baghdad
University.
s —Introduction.

Graphical methods are an essential part of the exploratory data
analysis. These techniques can give us a clear idea about the patterns of
data set distributions, and can separates out elements of the data and
reveals them to the data analyst. Also can help to show the unexpected
features of the data or can allow us to make simple or detailed
comparisons between distributions of the data sets. Graphical methods
are used not only to summarize data, but also as diagnostic aids in
analysis, and to decoding of quantitative information from the graphs.
These tools represent a great part in exploratory data analysis in
statistics, and have a long history of use in preparing pictures of data and
presentation. Understanding the graphical methods will allow the data
analyst to make graphs that transfer quantitative information to the
viewers with more Precision and effectiveness (Chambers etal, 1983).

The box plot ("™ 1977 js one of the important tools of the graphical
methods. This tool can give the viewers a fast idea of fixed features of the
distribution, the shape and the spread of the data. This tool can be applied
to make simultaneous comparisons between the distributions of several
sets of data. The idea of the box plot is simple (see example no.1), it is a
graphical display which uses five values obtained from the data set, the
upper and lower (hinges), the median, and the upper and Lower adjacent
values. This paper is concerned to investigate whether fixed variations to
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a box plot affect subjects’ judgments of the box length (midspread).
Features studied include making the box width proportional to sample
size and the whisker lengths equal the adjacent values (TU<® &t al-13va)

Subjects were asked to make comparisons between two box lengths and to
give what percentage the shorter was of the longer. These experiments
were carried out at Baghdad University. There were two statistical
methods used to analyze the data of these two experiments, the analysis of
variance techniques and the median polish techniques. The results of these
experiments suggest that these two variations are affected subjects
judgments of the box length.

Y -The earlier studies on box plot.

Experimental work on graphical methods was conducted by
Cleveland et al, (1982, 1984, 1986, 1987) and Simkin & Hastile, (1987), for
detail of experiments and results see Hussin, M. M. (1989, 2006). Five
studies have been carried out in box plot. In (1981), Mc Culloch run an
experiment to study the effect of three variables, box length, box width,
and viewing time on the subjects judgments of the box length. Mc Culloch
concluded that the subjects reaction time of the box length affected by the
two variables, box width, and viewing time. The interaction between two
variables box length and box width affected subjects’ judgments of box
length. Box width added more information to the box plot but made the
interpretation of the box plot more difficult, and for more detail see
Hussin, M.M.(1989, 2006).

And in 1982, another study four experiments in box plot were run by
Knight, to examine the effects of varying four features of a box plot on
subjects' judgments of box length. These variables investigated in four

separate experiments were box width, box notch, whisker length, and
outlier values. Knight found that box width and box notch, affected the
subjects’ judgments of the box length, but the other two variables,
whisker length and outlier values did not affect the subject judgments of
box length. The outlier value, the observation their position is beyond the
whisker length,and for more detail see Hussin, M.M. (1989, 2006).

The third study by Hussin, M.M. in 1989, investigated the effects of
vary three features of a box plot on subjects judgments of box length, in
two different groups of experiments and carried out at Keele and
Baghdad Universities. In the group A experiments (comparative
experiments), three experiments to study the effects of three variations to
the box plot Tukey (yavy) on the subjects judgments of the box length,
these variation box width, whisker length, and box width with box notch.

Subjects were asked to make comparisons between pair of box plots, one
of the pair is the standard plot and the other from the booklet. Subjects
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were asked to respond if the box length of the box plot of the booklet is
shorter or longer from the standard plot, and to give a rating of how
confident in their judgments by giving a score of 50% to 100%. The
subjects were asked to give their answers as a first impression. Hussin,
M.M. (1989) found for the box width experiment at Keele, that there is a
significant interaction between the two variables, box width/ length. The
two variables box width and box length affected subjects judgments of
box length, but the box length more than box width. And for the box
width experiment at Baghdad found that the results are similar to the
keele experiment results.

Hussin, M.M. found for the whisker length experiment at Keele, that
there is a significant interaction between two variables box length and
whisker length. These two variables are important and affected subjects
judgments of box length, but box length more affected than whisker
length. And for the Baghdad experiment found that there is no significant
interaction between two variables, whisker length and box length. which
is different from Keele experiment, Also these two variables are
important.

For the third experiment of three variables box notch experiment he
found that for Keele experiment, there is a significant interaction between
these three variables of this experiment box width, box notch and box
length, and only one interaction was significant of the two way interaction,
box length and box width interaction. These three variables are important
and affected subjects’ judgments of box length. The subjects have more
difficulty with judgments in this experiment than in all the other two
factor experiments, make more error judgments, and have little
confidence in their answers. He found for the same experiment at
Baghdad that similar results for three way interaction was significant, but
different for two-way interaction the box notch and box length was
significant. And these three variables are important for the experiment.

In group B experiments (ratio experiments), which contains four
experiments, two of them for length judgments and the other two for area
judgments. Two of them were carried out at Keele and all of them at
Baghdad. These experiments seek to examine, which features of box plot
affected subjects judgments of box length (midspread). Subjects were
asked to give percentages for how much shorter , smaller, represented of
the longer or larger the length or area of box plot from the pair of box
plots, one of the box plot being standard and the other with one or more
of the features changed, these compared side by side on A4 sheet of paper.
Their effects on judgments were estimated by the error size. Absolute
value of the error = [ judged percentage - true percentage].

The box length experiment at Keele, was build to study the effects of
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the box length and whisker length variables on the subjects’ Judgments.
Hussin, M.M., found that there is interaction between these two variables.
The box length variable is important and affected subjects judgments of
box length, and more important than whisker length. The subjects tend to
increase the midmeans of the absolute error with increase in box length,
and similar results for the same experiment at Baghdad.

For the box plot three variables, box length, box width, whisker
length, Baghdad length experiment. He found that, there are some
interactions between these three variables, these interactions affected
subjects’ judgments of box length. The subjects in this experiment with
change in three variables faced more difficulty than in any other
experiments using two variables that would means these variables add
more difficult to interpret the box plot, and affected the subjects ability to
make accurate judgments.

And for the box plot two factors area experiment at Keele, box length,
whisker length, he found that, there is some interaction between these two
variables, also the box length very important, but the whisker length less
important for this experiment and this result for area experiment very
reasonable the whisker length variable is not relevant, the subjects tend to
overestimate with small areas and underestimate with large areas.

And for the same experiment at Baghdad. He found that, there is not
significant interaction between these two variables, whisker length and
box length. The box length variable is very important and dominated the
experiment, by affected subjects of box length; the subjects tend to
increase the errors with increases on the box area and also the same with
keele experiment, this result for area experiment very reasonable and
important the whisker length variable is not relevant.

And for the box area, three variables experiment, at Baghdad,
Hussin, M.M. concluded that, there is significant interaction between
these three variables, and also between any two of them, box length/width,
and whisker length ; The two variables box length/width are important,
and affected subjects judgments of box length, but whisker length was not
important on its own in this experiment and also the same with previous
area experiments this result for area experiment very reasonable and
important the whisker length variable is not relevant.. Subjects faced
difficulty with this experiment more than with other experiments and
made large errors. Area judgments are more difficult than length
judgments, these results agree with Cleveland & McGill (1984), and the

power law results, and also weber's law might help to explain the results.
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The fourth study by Sim, C.H.; Gan, F.F.; Chang, T.C. in 2005, they
focus on the detection of possible outliers based on the box plot
procedures. The outliers in a set of data are defined to be a subset of
observations that appear to be inconsistent with the remaining
observations. They indicate that the commonly constructed box plot is in
general inappropriate for detecting outliers in the normal and especially
the exponential samples. And they suggest that the graphical box plot be
constructed based on the knowledge of the underlying distribution of the
dataset and by controlling the risk of labeling regular observations as
outliers.

The fifth study by Hussin, M.M. (2006), two experiments to
investigated the effects of vary two features of a box plot on subjects’
judgments of box length, these variation box width, whisker length and
carried out at Baghdad University. Subjects were asked to make
comparisons between pair of box plots; one of the pair is the standard plot
and the other from the booklet. When in this study the standard plot
(box length) is the smallest one of the box length levels in these two
experiments, which is different from all these previous studies in the box
plots, and also he found the results of these two experiments different
from all these previous studies in the box plots the interactions between
the two variables and box length very highly significant and the whisker
length very important by it self and with the interaction and these two
variables very important with the box length variable which this result
different from the others and agree with the suggestions. When he (1989)
suggested in the future research points (1, 2), the changing length of the
standard box plot effects on the subjects' perception of the box length.

v The problem suqgested for this study.

Now let try to explain the errors in subjects' judgments in

interpreting the box plots found in previous studies of box plots, Hussin,
M.M. (1989, 2006). It might be one possible explanation of the errors in
the subjects’ judgments of the box plot is that the interaction between the
box plot features with the box length variable. The subjects might
underestimate the box length when boxes are wider as changed the width
or have longer whisker lengths and vice versa, this results might be
similar to Baldwin's (1895) figures, when he found that the line lengths
closer to the large square look shorter than that line lengths closer to the
small square, for more detailed see Hussin, M.M. (1989, 2006).
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Another possible explanation of the biases of subjects’ judgments in
interpreting box plots by using Cleveland & Mc Gill's (1984) theory. One
possible interpretation might be that the subjects make area judgments
instead of length judgments in the case of varying box width or box notch
in combination with box length. And that make the judgments more
difficult, because the area judgments more difficult than length
judgments, power law (Stevens, 1975), and Celevland & Mc Gill (YaA¢).

Moreover, in the case of varying box notch with box length, the
subjects might face difficulty because subjects need to make two length
judgments, one for box length and the other for box notch, in addition to
the interaction between these two variables. Also as Lovie (Lovie 1985)
discussed the nature of the box plot is not a simple graph by which to
make quick judgments for more detail see Hussin, M.M. (1989, 2006).

Another law also might help to explain the problem in judging box
plot, in 1834, Weber proposed what we call now Weber's Law
(Stevens, 1975) and we can give simple idea of this law is that when we
need to make comparison between lengths of two things we need first to
determine the difference between them by fixed percentage, and not on
the overall sizes of the two lengths. Also Stevens (1975) proposed power
law might help to explain the errors in the subjects’ judgments of the box
length of the box plot, and this law used to determine the accuracy in the
judgments of different physical aspect objects, such as area, volume,
Length, or... etc. The law state that the accuracy of these aspect judgments

can be ordered as follow, length, area, and volume.

The problem suggested for this study is the investigation of the effects
of certain variations in the box plot on subjects’ judgments of box length.
To find which of the two box plot features, box width, and whisker length
effect on the subjects’ judgments of the box length as a relevant factor.
Subjects were asked to make comparisons between pair of the box lengths
of box plots placed side by side; we tried to make accurate judgments and
to avoid any effects of the orientation on the subjects’ judgments. When in
this study the standard plot (box length) is the middle one of the box
length levels in these two experiments, which is different from all these
previous studies in the box plots. when Hussin, M.M. (1989) suggested in
the future research points (1, 2), the changing length of the standard box
plot effects on the subjects’ perception of the box length. As we found
from the results of previous studies in the box plots. The same thing might
happen in this study inaccuracy or biases in the subjects' judgments might
occur with box length, box width and whisker length, as results of the
visual illusion effect created by these interactions between the box length
and, these two variables, box width and whisker length.
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4- Method
Now will discuss the method used for these two experiments. The

subjects were asked to make comparisons between box lengths of pair of
vertical box plots placed side by side. Each box plot was in the center of
an A4 sheet of paper, this applied to both the standard and the
comparison plot. To give percentages for how much shorter, longer the

length of the box plot (midspread) was than this in the booklet of the

standard box plot.

Subjects: Subjects taking part in these two experiments were
undergraduate third and fourth years from statistics department,
Baghdad University, they were not familiar with the box plot, but had
some knowledge of data analysis. There were (50) subjects taking part in
box width experiment and (50) subjects were taking part in whisker
length experiment; the subjects who had not understanding the
instructions had their answers excluded from analysis.

Design: These experiments were building to examine the effect of box
width and whisker length on the subjects’ perception of the box plot
length. The first experiment box width experiment, contains the forty five
box plots, which were generated from level combinations of the two
factors, box length with nine levels the middle level is the same as the box
length of the standard plot, and box width with five levels one of the levels
being similar to the box width of the standard plot. Each box plot was on
an A4 sheet of paper and also a standard plot. And the second experiment
whisker length experiment contains the forty five box plots, which were
generated from levels combination of the two factors, box length with nine
levels, one of the levels being similar to the box length of the standard
plot. And whisker length with five levels, one of the levels being same to
the whisker length of the standard plot. These length levels were
determined by Cleveland & McGill (1984); who used the formula;

L;j =10 x 10 (j-1) /12, (j=1 —-n), then we suggested 1 unit = 3 mm.

These values are equally spaced on a log scale and range from 10
to... N units, chosen values in order started by 10 units represented 9 box

length levels, the middle one level of them represents the standard box
plot length. which were different from the standard plots of Hussin, M.M.

(1989,2006) there were the longest one and the smallest one. The nine
levels represent the box length levels of the experimental box plots for
these two experiments. These box length levels selected to fit the box plot
on an A4 sheet paper, and present as large a range of plots as possible,
with the other levels of variables, box width, and whisker length, sea
variable levels in Table no.1A.
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Table No.1A. levels of variables of these two experiments.

Length Width Whisker
L1=30 W1=10 S1=10
L2=36 W2 =25 S2=30
L3=44 W3 =40 S3 =50
L4 =54 W4 =55 S4=170
L5 =64 W5 =70 S5=90
L6=78
L7 =94
L8 =114
L9 =140

Standard box plot variables levels

L=64 W =40 S=50
Materials: There were two booklets; each one contains forty five box
plots. The first sheet in the booklet contained two examples of practice
plot so that the subjects understood the experiment. Subjects were also
given an instruction sheet, an answer sheet, and a standard box plot, the
booklets were given to subjects in the lecture room, and each subject was
given a booklet of one of the experiments. The instruction sheet asked
subjects to compare the box plots from the booklet with the standard box
plot. The subject was asked to give a percentage of how shorter or longer
the length of the box plot was than that in the booklet of the standard box
plot, and at all the times the standard box plot was the middle one without
this being mentioned to the subjects. The subjects were also asked to write
(T) or (B) respectively on the answer sheet if they thought that the length
of the box plot on the booklet was longer than the standard box plot or
vice versa. This provided a check on the direction of their judgments. The
instructions asked subjects to make quick visual judgments rather than
measurements. Examples of standard box plot, instruction sheet, answer

sheet are not included, because the problem of the space.

o -The statistical method used to analyze the data .
The analysis of variance technique was used to analyze the data of
these two experiments, these experiments were designed as repeated

measures, and for such data the analysis of variance technique appears to
be appropriate, for more detail see Hussin, M.M. (1989, 2006). The

assumptions of the design can be summarized as:
Xij~N (ni, 6%).
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There were three models can be used for the analysis of variance
technique fixed effects model, random effects model, and mixed effects.

The design of these two experiments were repeated measures design,
and the model for this design is the special case from mixed model. In this
design subjects are observed at all combinations of the independent
variables, and the model for the first experiment the box width
experiment is ;

Yink =U ... + W3+ Ny + WNyp+ Egk ... ()

'K th observation (subjects).

"1 th level of box width factor (J) levels.

'n’ th level of box length factor (1) levels.

In this model (1), the box length and box width are the fixed effects
factors, and the subjects are a random effects factor. For this design as
subjects are observed at all observations of the variables, it is expected
that the observations on the same subjects will tend to be correlated, or be
dependent. For this reason, this design needs more assumptions of
homogeneity of the variance- covariance matrix.

1- The variances are :

2 2 2 _ _ 2
6 x1=0 x2=06 x3—... =0 xn
2- The co variances are:
O x1x2 =0x1x3=0x2x3=+es =0 xn-1xn -

If this assumption is not met, it is impossible to use the usual F test,
without some modifications. For this reason the conservative test provides
approximation, but some times this test is negatively biased, (Winer, 1962,
P. 306), for more detail see Hussin, M.M. (1989, 2006).

6- The box width experiment analysis of variance results.

This section will discuss the results of this experiment, and the fact
that we choice the univariate analysis of variance, as the problems with
the assumptions of normality as we found that some of data sets were
light- tailed and some were skewed, or double peaked at upper and lower
extremes, and also the violation of the variance- covariance matrix, we
found the adjusted univariate analysis of variance with trend analysis is
more suitable than the multivariate analysis.

This was recommended by Winer (1962, p. 306) by Rogan et al
(1979, p. 269- 286), and by Huynh 1970, Huynh, 1978, Huynh et al, 1979,
and also by Charles S. Davis (2002). The trend analysis also was found to
study more specific aspects of the differences in patterns or shapes for the
simple main effects of the variables in the analysis, and the polynomial
contrasts is the best way to do this job. There are two variables in this
experiments; box length with nine levels, and box width with five levels
and the model is equation no.l in the previous section.
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Now let start with the results of the analysis of variance as in Table
no.l, and started with the interaction effects of these two variables
(WNyp). It was found that the (F) value of this interaction effects (WNyp)
was equal to 11.293 and the tail probability for the usual (F) test was
equal to (0.000). This means that the interaction effects have a high level
of significance. But to use the usual (F) test for this design is highly
restrictive because a design having correlated observations will affect the
results in a positive bias in the usual (F) test. That is, the variance-
covariance matrix should confirm the assumption of homogeneity of this
test. Checking this assumption for the interaction by using the sphericity
tail probability for the WN;j, revealed that the assumption of sphericity
was not met, thus the conservative test provided an approximate test with
the number of degrees of freedom for the F value reduced by (E) Epsilon.
But even with this test whatever the reduce in the degrees of freedom as a
large degree of heterogeneity in the variance — covariance matrix, still this

test interaction effects have very high level of significance with this
conservation test. Also it is very clear to recognize the interaction between
these two variables from box width experiment plot no.1 and also can be
seen from plot no.1 that the average of the absolute values of the errors
decreases with the middle length levels as similar or near from the
standard box length and increases with shorter and longer levels as far
from the standard length.

And to examine the differences in trends of the variables' effects for
the interaction, by using the polynomial contrasts, we found from Table
no.l twenty one polynomial components of this interaction significant.
That means there are significant differences between all the trends of the
interaction of these two variables, box length and box width as you can see
from the Table no.1 and from plot no.1. These variables two of them are
responsible for this interaction, and two of them are important for the
subject' judgments or two of them have affected subjects’ judgments. One

possible explanation of these results is that as the box width changed,
subjects judged area instead of length for area judgments and area is
more difficult than length judgments, as the power law (Steven, 1975)
suggested and Cleveland et al (yaA¢)found from their results. And also it
might be as a result of the visual illusion effects on the subjects judgments
created by the interaction between these two variables width / length as
Cleveland et al (1987) accepted in their replies to the comments on their
results.
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This result of the interaction agrees with McCulloch’s (1981), Knight's
(Y4AY) results, and Hussin, M.M. (1989), group A experiment, box width

experiments at Keele and Baghdad results, and Hussin, M.M. (2006). And
disagree with Hussin, M.M. YaAsythree factors experiment results,

group B experiment at Baghdad. But this experiment result and Hussin,

M.M. (2006) different from all above results as the interaction highly
significant more than all the other experiments results and one
explanation for these results are the standard box plot lengths in these
experiments represent the middle level of the length levels and shorter
than all the other box plots length levels of the experiment, which is
different from all other experiments which agree with the suggestions of
the further research points (1 ,2) to build these two experiments.

Now we consider the results of the main effect in Table no.l. It was
found that the main effects of the two variables are significant. The F-
value of the width variable equal to (2.863), and the tail probability for
this variable is equal to (0.025), and that means high level of significance,
and there is homogeneity of variance - covariance matrix. The sphericity
assumption is met and the Mauchly's W test equal (0.943) and their
significance level (0.973). We do not need to use the conservative test for
this width variable. Now let us examine trend analysis for the width
variable main effect, we found only the quadratic is significant with very
high level of significance, and that can be seen from plot no.1 box width
experiment.

In this experiment box width variable is important and had affected
subjects’ judgments of box length or the width variable misleads subjects
in their judgments of box length, or we can put it down to visual illusion
effects as created from the interaction between these two variables box
width /length, but lease significance from other experiments by it self.
This result agrees with Mc Culloch’s (1981), Knight's (1982), and Hussin,
M.M. (1989) results of the box width experiments for two groups A, and B
experiments at Keele and Baghdad.

Consider the length variable in Table no.l. It was found that the F-
value is equal to (18.453) and the tail probability for the F -value is equal
to +.«++. The sphericity tail probability is (0.000). That would means this
test has a very high level of significance with very large amount of
heterogeneity of the variance - covariance matrix exists, the sphericity
assumption is not met.

When conservative test, is used, the tail probability for F-value for this

test is equal to 0.000. However, the F-value still has a very high level of
significance.
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This result disagrees with Mc Culloch's (1981) results, but agrees with
Knight's (1982) result, and Hussin, M.M. (1989) results for all their
experiments for the two groups of experiments of Keele and Baghdad
Universities and also Hussin, M.M. (2006) results. Now let us consider the
trend analysis. We can see that there are significant differences for all
eight trends components the tail probability for the F - values for all of
them are very high level of significance. We thought one possible
explanation for these results, as we mentioned before; is the interaction
between these two variables leads to these difficulties. The length variable
very important for the experiment. Some of the subjects are excluded
from the experiment because they did not follow the instruction.

v- The whisker length experiment analysis of variance results.

In this section we will discuss the results of the analysis of variance
with the trend analysis, the model for the experiment equation no. (2), two
variables, box length with nine levels and whisker length with five levels.

Ynik =U...+ Np+ S1+NSi1 +Enikeeeeennn. (2)
"k the observation (subjects )

"1 the level of whisker length factor (J) levels .
''n" the level of box length factor (1) levels.

This model repeated measures design, the box length and whisker
length are the fixed effects factors, and the subjects are a random effects
factor. Now let us consider Table no.2, and begin with the interaction
effect of these two variables box length and whisker length. It was found
that the F value for this test was equal to 9.343, and the tail probability for
the F — value was equal to 0.000. This means that this interaction is
significant with very high level of significance, and the sphericity tail
probability for the interaction is equal to 0.000. The sphericity assumption
is not met. It was for this reason that the conservation test was used, and
still the tail probability for the F - value of this test is equal to 0.000, and
we do not need to use the Greenhouse & Geisser, because the test very
highly significant. Therefore, this means there is a very high level of
significance for the interaction effects. Let us now examine the trend
analysis of this interaction, we found twenty two trend components were
significant in table no.2, with a very high levels of significance and also
can see that very clear from plot no.2.

This means that the (NS) interaction arises from the differences
between all components of trends for these two variables.
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This results of the interaction different from the Knight's (1982)
result, and different from Hussin, M.M. (1989) result, whisker length
experiment, group A at Baghdad, and also different from Hussin, M.M.
(1989) result of the whisker length experiment, group B at Keele and
Baghdad. But agrees with Hussin, M.M. (vaA4) results of the whisker

length experiment, group A at Keele, and with Hussin, M.M. (Y..%)

results of the whisker length experiment, And we thought this results
different from the results of Hussin, M.M. (1989) whisker length
experiments group B, at Keele and Baghdad , because the length of the
standard box plot is the middle length levels of the box plot lengths in the
booklet of this experiment which it was the standard box length in the
whisker length experiments, group B, of the Hussin, M.M. (1989) was
longer than all the other in the booklet of the experiments. In this
experiment the subjects faced problems in their judgments, the reason
might be that the joining of these two variables creates an interaction or
perceptual problem as Lovie (1985) argued, and the visual illusion might

then affect the subjects' judgments as Cleveland et al (1987) accepted.

Now let us consider the results of the main effects of these two
variables in Table no.2. It was found that the F-value of the box length is
equal to 60.252, and the tail probability of this test is equal to 0.000. The
sphericity tail probability of the F-value is equal to 0.000, the assumption
of the variance - covariance matrix is not met. The conservation test
should be used, and still the F-value has a very high level of significance
higher than all the other in previous work in this area of box plot except
Hussin, M.M. (2006) results the same. One possible explanation of this
result is that the box length of the standard box plot is the middle level
lengths of the other box lengths of the booklet, and also can be seen very
clear from plot no.2 that the average of the absolute values of the errors
decreases with the middle length levels and increases with shorter and
longer levels. Now let us examine the trend test of this effect. It was found
that five trend components are significant with very high levels of
significance, this result can be seen from plot no. 2 and also multivariate
Tests Table no. 2, and these components are responsible for the high
significance of box length main effect. This variable very important for
the experiment, and Wber's Law might help to explain the results.

Finally let us examine the whisker length main effect, it was found
that the F-value was equal to 8.392 in Table no.2, and the tail probability
for the F-value was equal to 0.000. The sphericity tail probability of the F-
value is equal to 0.107. Now we don't need to use the conservative test
because the assumption of the variance - covariance matrix is met. Now
let us examine the trend test of this main effect, it was found that the
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Linear, and the Cubic and order 4 trends are significant with very high
level of significance equal to 0.004 or higher, and these components are
responsible for the significance of the whisker length main effect, and this
result can be seen from plot no.2 also. This variable whisker length very
important for this experiment and affected subjects' judgments of box
length, even when the subjects were asked to concentrate on box length,
but not in obvious pattern as with length variable. This result agree with
Hussin, M.M. (1989) result, of whisker length experiments group A, at
Keele, and Baghdad, but not in the same level of significance as in this
experiment very higher than all the others, and agree with Hussin, M.M.
(2006) results with similar level of significance. And this result is disagree

with Knight's (1982) results, and also disagree with Hussin, M.M.'s (1989)
results of whisker length experiments, group B, at Keele and Baghdad.
One possible explanation of this result it might be that the different box
length of the standard of this experiment from the other experiments.

A- Conclusion

The idea behinds the constructions of these two experiments, we
suggested that the variations on a basic box plot are important and
affected subjects' judgments. And changing the standard box plot length
influence a subjects’ perception of box length, and also changing the
length levels of the box plots from the experiments of Hussin, M.M. (1989)
group B. And we found that from the results of these two experiments.

The conclusions of these two experiments can be summarized as
follows:

1-The standard box plot length very important and influence subjects'
judgments as we found from this experiment results and the same
results of Hussin, M.M. (2006) specially whisker length experiment,
and the results agrees with Hussin, M.M. (1989) suggestion in future

research points(1, 2).

2- The variables interactions of the box plot are very important and

impaired subjects' judgments of box length. And that might be as a

visual illusion effects created by these interactions, or as Lovie (1985)
put it perceptual problems with judging box plot.

3- The whisker length variable is a very important variable and
influences a subjects’ judgments of the box length, even this variable
irrelevant variable in the experiment. But still lease than the length
variable. And this result and, Hussin, M. M. (2006) result for the same
experiment, different from all previous experiments results of the
whisker length variable of the box plot, as it is important in this
experiment.
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4- The box plot length (midspread) was the most important variable to
affect subjects’ judgments in the box plot, because the box length
variable the relevant variable in the experiment so this result very
reasonable, these results agree with Knight's (1982) results, and
with Hussin, M. M."'s (1989,2006) results for all box plot experiments.

5- The box plot width is a very important variable in the experiment, but
it might be lease thanto the box length and that’s very fair and
reasonable, but the interaction between these two variables make the
subjects’ judgments more difficult, as we mentioned before it might
be create visual illusion.

6-Tese variations on a basic box plot very important because add more
information to the box plot, but the coast more difficulties arises.

7- Some of the subjects face some difficulties in making the box plot
judgments, so this agree with Lovie (1985) put it perceptual problems.
with judging box plot.
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