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    الخلاصة
مر افضلروا ف راا ر رالر مراالاطرقالع ر رارعر  ااا (box plot )يعتبر الر مراالردرقي   ا

لربياقرراتا لررلارراع رر لاالرمبا قررةابرري الارريبام رراميلا لمررمالرلرر  الرم طرر مامرر الربياقرراتامملرر ا
لرمبا قةار ميلاخ لصالرعيقةاف ار ليبام الردرااتا لر مراايلريياخمرما رياافمامريةامر الربياقراتا

لمرااا(Notch)افلراضةالررقالري يالرثبرةالر والر مري الرث ثاتا   افلب ا يمةا فدل ا يمةا لر بيع
تررااالرروات  بررةاثرر ثامتليرر لتراالييثررةت رر بتي ا .ضرر اقيايررةالربلررث (1A) ت لظررمامرر الررررلوا  ررا

لأي راياتريثي ا.ا(box plot)اع  لاابع الرتعيي تالاطقالر ماالردقي    لاهالري لمةااض ات بيبيما
ضر الرت  برةاا;الر مراالردرقي   ا ر واارقمربةالررقا ر ل  ر ل تالعررخاصاباالاطرقابع الرتلر ي لت

ااترااThe first experiment box notch  experiment )(الري يالرثبرةارط مري الع رقات  برة
اتلييرررررررررر الرعرررررررررر  ارطدررررررررررقي را لررررررررررلاررالرررررررررري يالرثبررررررررررةا لررررررررررلاررالر رررررررررر وارطدررررررررررقي ر

اارررالابضرر الرت  بررةالرثاقيررةات  بررةالربررياالرا(box  width, box notch, box length)ا
)And the second experiment outlier values experimentاتررااتلييرر الرعرر  ا(

 ,box  width,  box length)ا(ارطدرقي را لرلاررالر ر وارطدرقي را لرلاررام  رلال رياالرررالاب

outlier valuesررلوالرواا)ا41(لوات  بةاضر امطريايلتر لالاطرقاا.لرملييباض الر ماالردقي   اا
 رر وااضرر افلرريالرمطارراتامررلا(box plots)يبا يبررا  اف رر لوالعرررلاوارررخصايمررا اابت  بررةا للرر

 standard)الرا ا ر والردرقي رالرثابرتاضر الر الرت ر بتي ا(standard plot)لرثابرتاالردرقي ر

plot)طرماا  اممت ىالر  والرلالايبلاض امقتديالرمريىا رراايمرتخيااضر الر الرت ر بتي ا لرلاررا 
امبا قررةافيرر امرر اف رر والردررقي  ي اف درر ا)41(اقررةامرر الومرر العرررخاصاف  اف ايلرريياضرر الرروامبا 

قمربةامو يرةا ر والردرلي امر الرلبير ا بررلواا  الرثابتافاالرلالاض الرمطيا يبي رتليييالعت اها وا
 لاهالرت ا ماتااتدميميااليمتيليالررقالرت را ماا.ي لظما ريما ياماي يرف افي رام يلاف واتد  

الارررررررررررررررررررررررررةلرتررررررررررررررررررررررررر اتلتررررررررررررررررررررررررر لالاطرررررررررررررررررررررررررقامتليررررررررررررررررررررررررر ي اضررررررررررررررررررررررررر الرم م 

)( group B experiments, the ratio experimentsبب امر اا لرت اتاات بيبيااما

  اHussin, M.M. (1989, 2006, 2007 بوالربالثا(

 3 ,2 ,1 )  لرقبرا ااضر اضر الري لمراتالرممرتببطيةاHussin, M. M. (1989 (اف تر  الاقريما

تالرلاريرةا ضر ات را ما ييريبا لألثر اممل اف اقيخلاالاييافلث ام الرمتلي لتابوافلاضةالرقالرمتلي ل(
مررلالأ رر لوا لررلارراقيخررلااممررت ياتاف ا( box notch, outlier values)امرر امتليرر ي امررثآ
مر ياا(standard box length)ف اتلير الر ر والررقالر مراالردرقي   الرثابرتااالرمتلير لتالرلارر

 رلاهالعو ل امر االاقريالرمبا قرةابري ا(box length)يؤث الاطقافي لرالرررخصامر ا ر والردرقي را
.الرقتاوجاريلاهالرت ا ماتؤليالاطقاف ا لاهالرتلر ي لتاف الرتعريي تاا (box plots)لر م االردقي  ية

اترررررررررررررررؤث الاطرررررررررررررررقافي لراللأررررررررررررررررخاصالأ ررررررررررررررر لوا رررررررررررررررلاهالر مررررررررررررررر االردرررررررررررررررقي  ية



 8002/ لسنة  13/ ع41المجلد                       مجلة العلوم الاقتصادية والادارية                                                                                             

 333 

(box plots)قعتبياف ا لالالرتيثي اض ا  ل لتاللأرخاصاريرلاهالرتلر ي لتالاطرقالر ر والررقالر مراا.اا
 مراابري امتلير لتالرا (interactions)ممل اف اتل  القتاوجارطتارالا تا (box plots)الردقي   

  رلاهاا(box length, box width, box notch, and outlier values)لردقي   ا لرت ا ر ا
  رلالايرؤث الاطرقا ري باللأررخاصاا( visual illusion )لرتارالا تاتلر  امراايمرمقابرار  االرم ور ا

 للاررالرقتاوجاتؤليالاطقاا(box lengths) .بارقمبةالرقاف  والر ماالردقي   الأتخالاا  ل تاي يبةا
ممت ياتالع  لوالرقالرمتلير لتابروافلراضةالررقااالاييام الرمتلي لتا للاررالاييابيلاضةااف الع ت ل 

ا(3 ,2 ,1)ض الرابر لتاا(standard box plot length)تليي الر  والرقالر ماالردقي   الرثابتا
وجا رلاهالرت ر بتي اف اويرايبالارييالرمتلير لتالررقاث ثرةاا بيقرتاقترارطممتببوالاقرتادرليلةارطي لمات

 عوالردع بةابرلوافلب ا لتقاتختطياض اق عا رلاهالردر بةالمرااق  قراامرابب الاقريامقا ررةالرقتراوجا
 لاهالعلاضاتالرقالر ماالردقي   افلراضةامعط مراتافلراضيةالررقالرررلوا رلر الرلطارةااريلاهالرت ا م

لطيرةالعيل باا/ ماالعلدااالرم لطةالرثارثةا لر لبعةا.ا لاهالرت ا ماف  يتالاطقا  مقتالردع بةلا
ا امعةابليليا.اا/ لع تداي

Summary 
New two experiments of the three factors, in this study were 

constructed to investigate the effects, of the fixed variations to the box plot 

on subjects' judgments of the box lengths. These two experiments were 

constructed as an extension to the group B experiments, the ratio 

experiments the experiments with two variables carried out previously 

by Hussin, M.M. (1989, 2006, 2007). The first experiment box notch 

experiment, and the second experiment outlier values experiment. 

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 lengths and also varying with respect to other elements such as, box 

width & box notch or box width & outlier values. When Hussin, M.M. 

(1989) suggested in the future research points (1, 2, 3), can take account of 

wider range of the variables levels and the changing length of the 

standard box plot effects on the subjects' perception of the box length and 

further investigations could be made into variations such as box notch 

with box length; box notch with box length; whisker length, and also 

outlier values with these variations. However, both experiments were used 

the stander box length as the middle box length levels were not used in the 

experiments. The results of these two experiments suggest that these 

variations effected the subjects' perception of box length, as a results of 

the interactions between box plot features by creating visual illusions as 

which effect the subjects ability to accurately judge box length, both 

experiments were run in statistics department, Baghdad University.  
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 .Introduction-ا4ا

Exploratory data analysis 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 an essential part of the exploratory data analysis. These 

techniques can give us a clear idea about the patterns of data set 

distributions. 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.   

The box plot
  

Tukey )ا4311 )  is 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.2), 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 a basic box plot affect subjects' judgments of 

the box length (midspread). Features studied in first experiment making 

the box width proportional to sample size and box notch equal confidence 

interval around the median and in the second experiment box width with 

outlier values. 
 
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. 

  Previous work on box plot -8ا
Recent experimental work on graphical perception was 

carried out by Cleveland et al, 1982, 1984, 1986, 1987 and 

Simkin & Hastie, 1987 for detail see Hussin, 

M.M.(1989,2006).And also new recent Six studies have been carried 

out in Box plot. First study by Mc Culloch in (1981), 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 
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width added more information to the box plot but made the interpretation 

of the box plot more difficult.  
Second study in (1982) by Knight, were run four experiments in box 

plot, 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, box notch,  and whisker 

length affected the subjects' judgments of the box length, but the outlier 

values did not affect the subject judgments of box length. The outlier 

value, the observation their position is beyond the whisker length. 
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 ا)4311 ) 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 

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 



 8002/ لسنة  13/ ع41المجلد                       مجلة العلوم الاقتصادية والادارية                                                                                             

 333 

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 

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.  
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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. 
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), run two experiments to 

investigate 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 
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different from the others but agree with the suggestions points. when 

Hussin, M.M. (1989) suggested in the future research points (1, 2),can 

take account of a wider range of variables levels of the experiments, and 

the changing length of the standard box plot effects on the subjects 

perception of the box length. 

Sixth study two experiments by Hussin, M.M.  (2007), to examine the 

effects of varying two variables of a box plot on subjects' judgments of 

box length. These variables were box width, whisker length and carried 

out at Baghdad University.  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 the previous box plot experiments.  when Hussin, M.M. 

(1989) suggested in the future research points (1, 2),can take account of a 

wider range of variables levels of the experiments, and the changing 

length of the standard box plot effects on the subjects perception of the 

box length. 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. 

He concluded that the results of these two experiments similar to the 

results of Hussin, M.M. (2006), and different from all the previous studies 

in the box plots the interactions were highly significant between the two 

variables box width and whisker length with box length, and the whisker 

length very important by itself as a box width and these two variables 

very important with the box length variable which this result different 

from the others and agree with the suggestions of the further research 

points. 

 The errors in box plot judgments and The problem-ا3

suggested for this study. 
It might be possible to explain the biases in subjects' judgments of the 

box plots found in previous studies of box plots, Hussin, M.M. (1989, 2006, 

2007). One possible explanation of the errors in the subjects judgments of 

the box plots are the interactions between the box plot variables with the 

box length variable. When the subjects made comparisons between two 

box plots one of them standard plot and the other with some change in the 

box plot variables such as box width or whisker length or box notch with 

the box length. 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 . 
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Another possible explanation of the errors by using Cleveland & Mc 

Gill's (1984) theory. It 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 Cleveland & Mc Gill )4321( . 

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. 
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. for more 

detail see Hussin, M.M.(1989,2006). 
 The problem suggested in this study was to examine of the effects of 

certain variables in the box plot on subjects' judgments of box length. To 

find in the first experiment which  one or two of the box plot variables, 

box width, and box notch effect on the subjects' judgments of the box 

length as a relevant factor, and in the second experiment which one or two 

of the box plot variables, box width, and outlier values effect on the 

subjects' judgments of the box length. 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 similar to the Hussin, M.M. (2007) experiments and this level 

is not used in the experiments, but the box length levels of these 

experiments different from Hussin, M.M. (2007), and different from all 

the previous experiments in the box plots and a stander plot and also as a 

three variables experiments in group B ratio experiments the are the first 

time used. When Hussin, M.M. (1989) suggested in the future research 

points (1, 2, 3), can take account of wider range of the variables levels and 
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the changing length of the standard box plot effects on the subjects' 

perception of the box length and further investigations could be made into 

variations such as box notch with box length; box notch with box width; 

whisker length, and also outlier values with these variations.  The same 

thing might happen in this study inaccuracy or biases in the subjects' 

judgments might occur with box length, box width, box notch and outlier 

values , as results of the visual illusion effect created by these interactions 

between the box length, and these three variables, box width and box 

notch and outlier values. 

4- Method of the experiments. 
This section 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 plot 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. Also discuss the results of the experiments by using the 

analysis of variance with trend analysis. 

4.1- Design. 
These two experiments were constructed to examine the effect of  box 

width and box notch in the first experiment, and box width and outlier 

values in the second experiment, on the subjects' judgments of the box 

length. The first experiment box notch  experiment, contains the sixty 

four box plots, which were generated from levels combinations of the 

three factors, box length with four levels, and box width with four levels 

and box notch with four levels. Each box plot was on an A4 sheet of 

paper and  also a standard plot. And the second experiment outlier 

values experiment, contains the sixty four box plots, which were 

generated from levels combinations  of the three factors , box length 

with four levels, box  width with four levels, and outlier values with four 

levels. 
The three variable levels for the first experiment determined to fit 

with the size of an 4A sheet of paper as you find in the table below and  

the box length levels for second experiment only  were determined by 

Cleveland & McGill (1984); who used the formula :Lj = 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 26 units represented 4  box 

length levels after we divided the length by 2, we chose the standard box 

length for the two experiment in the middle range of the box length 

levels but not used in the experiments. which is different from the 

standard plot of the other experiments of box plots. These box length 
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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 box notch and outlier values and the position of outlier as a 

percentage % of the box lengths, see variables levels in table no.1A. 
Table No.1A. levels of variables of these two experiments. 
            First experiment 

Length Width Notch 

L1 = 84 D1 = 50 N1 = 34 

L2 = 87 D2 = 60 N2 = 37 

L3 = 93 D3 = 80 N3 = 43 

L4 = 96 D4 = 90 N4 = 46 

Second experiment Width U % Outlier Values  L% 

L1 = 39 D1= 25 O1= 10  20  30   10 

L2 = 47 D2= 40 O2= 10               10  20  30 

L3 = 57 

L4 = 70 

D3= 55 

D4= 70 

O3= 15  30         15 

O4= 15               15  30 

      Standard plots variables levels for experiments 

   First exper. L = 90 D = 70 N = 40 Second exper. L=50 D=50 W= 70.  
 .Materials- 1.8ا

There were two booklets, there are sixty box plots  in each of the 

booklet. 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 

the standard box plot length was in the middle range levels 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. 
4.3- 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 (57) subjects taking part in 
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box notch experiment and (51) subjects were taking part in outlier values 

experiment; the subjects who had not understanding the instructions had 

their answers excluded from analysis. 

 . The statistical technique  used to analyze the data-ا5
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).ا The 

assumptions of the design can be summarized as : 

Xij ~ N (μi ,  σ
2
 ) .  

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 mode1. In this 

design subjects are observed at all combinations of the independent 

variables, and the model for the first experiment the box notch 

experiment is ; 

 Yijmk  = U .... + Li + Dj + Nm + LDij + LNim+ DM jm+LDNijm 

+Eijmk . (1) 
, 
K

 ,
  th observation (subjects). 

 , 
I 

,
  th level of box length factor ( q ) levels. 

, 
j
 ,
  th level of box width factor ( r )  levels. 

'm'  th level of box notch factor (p)  levels. 

In this model ( 1 ), the  box length , box width and box notch 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 :     σ
2
 x1 = σ

2
 x2 = σ

2 
x3 = . . .     = σ

2 
xn. 

       2- The covariances are:     σ  x1 x2  = σ
 
x1 x3 = σ

 
x2 x3 = . . .  = σ

 
 xn-

1 xn . 
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).  
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6- The first experiment box notch experiment  results. 
Now will discuss the results of the box notch 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 power full and 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. 

ااا There are three variables in this experiment; box length, box width 

and the box notch with four levels for each of them, the model is the 

equation no.1. Now let start analyze the results of the analysis of variance 

in Table no.1, and started with the interaction effects of these three 

variables (LDNijm). It was found that the (F)اvalue of this interaction 

effects (LDNijm ) was equal to (2.866) 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 (LDNijm) 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 because it has highly 

level of significance. Also it is very clear to recognize the interactions 

between the two variables with the box length from the two plots of the  

box notch experiment plot no.1, and plot no.2,  and also can be seen from  

these two plots, that the averages of the absolute values of the errors 

increases  with the middle length levels as nearer from the standard box 

length and decreases with shorter and longer levels as far from the 

standard length, these results  opposite to the results  of two variables box 

width experiment Hussin, M.M. (2007) as similar to the  standard box plot 

length and it might be these results because of difficulties from the change 
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of the three variables affected  the subjects' judgments . 
 And to examine the differences in trends of the variables' effects forاا

the interaction, by using the polynomial contrasts, we found from Table 

no.1 six polynomial components of this interaction significant. That means 

there are significant differences between all the trends of the interaction 

of these three variables, box length, box width and box notch as you can 

see from the Table no.1 and from the two plots the plot no.1, and plot 

no.2. These three variables all  of  them are responsible for this interaction 

, and three of them are important for the subject' judgments or three of 

them have affected subjects' judgments and all of them were important 

for the experiment .One possible explanation of these results were that as 

the box width and box notch 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 )ا)4321ا  

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 three variables box width, box notch and box length as 

Cleveland et al (1987) accepted in their replies to the comments on their 

results. This result of three variables interaction box width, box notch, 

and box length the ratio experiment agree to the same interaction of the 

three variables of Keele and Baghdad box notch experiments, but in 

group A comparative experiments. 
Now let examine the results of the two way interactions effects of the 

two variables and started with the box length and box width interaction 

(LDij). It was found that the (F)ا value of this interaction effects (LDij) is 

equal to 2.992 and the tail probability for the usual (F) test is equal to 

(0.002). This means that the interaction effects have a very high level of 

significance. But checking the assumption for the interaction by using the 

sphericity tail probability for the (LDij ) revealed that the assumption of 

sphericity was not met. But even with this test, still interaction effects 

have very high level of significance with conservation test equal (0.004). 

And also it is very clear to recognize the interaction between these two 

variables from plot of box length and box width in box notch experiment 

plot no.1. And to examine the differences in trends for this interaction, by 

using the polynomial contrasts , we found from Table no.1 one polynomial 

component of this interaction significant but with very high level of 

significance. That means there are significant differences between Cubic 

trend and quadratic trend,  of this interaction  of  these two variables, box 

length and box width. These variables two of them are responsible for this 

interaction , and two of them have affected subjects' judgments. 
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ااا This result of the interaction agrees with McCulloch's (1981), and 

Hussin, M.M. (1989) , group A experiment, box width experiment, box 

notch three variables at Keele and Baghdad box width results and 

disagree with box notch three factors Baghdad and Knight's )4328ا(  

results, and also agree with  Hussin, M.M. (2006, 2007)  . And disagree 

with Hussin, M.M. )4323ا(  three factors experiment results, group B ا,

experiment at Baghdad. But this experiment result and Hussin, M.M. 

(2006, 2007) 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 in (2006) than all the other box plots length levels 

of the experiment, which is different from all other experiments, and that 

agree with the suggestions of the further research points (1 ,2, 3) to build 

these two experiments. 
Andاا اا now let examine the results of the interaction of the  variables  

box length and box notch (Lnim). It was found that the (F)ا value of this 

interaction effects (Lnim) is equal to 4.309 and the tail probability for the 

usual (F) test is equal to (0.000). This means that this interaction effects 

have a very high level of significance. But checking the assumption for this 

interaction by using the sphericity tail probability for the (Lnim )revealed 

that the assumption of sphericity was not met. But even with this test, still 

interaction effects have very high level of significance with conservation 

test equal (0.000). Also it is very clear to see the interaction between these 

two variables from plot of box length and box notch in box notch 

experiment plot no.2.اا And we found from the table no.1 four polynomial 

components of this interaction significant. That means there are 

significant differences between all components   of  this  interaction  of  

these  two variables, box length  and  box notch.  These  variables  two  of  

them are responsible for this interaction , and two of them have affected 

subjects' judgments. This results of this interaction agree with Baghdad, 

but disagree with keele, the box notch three factors experiment (box 

length, box width ,and box notch). Group A comparative experiment, and 

agree with Knight's )4328ا(  results . 
 In the same time  we found the (F)ا value of the interaction effects 

between box width and box notch(Dnjm) is equal to 3.113 and the tail 

probability for the usual (F) test is equal to (0.001). This means that the 

interaction effects have a very high level of significance. But we found the 

assumption of sphericity was not met. And still interaction effects have 

very high level of significance with conservation test equal (0.002). This 

mean there was  interaction between these two variables. And we can see 

from the Table no.1 four or five polynomial components of this 

interaction significant. That means there are significant differences 



 8002/ لسنة  13/ ع41المجلد                       مجلة العلوم الاقتصادية والادارية                                                                                             

 303 

between all components of this interaction of these two variables, box 

width and box notch. These variables two of  them are responsible for this 

interaction, and two of them have affected subjects' judgments. This 

results of this interaction disagree with Baghdad, and also disagree with 

Keele, the box notch three factors experiment(box length, box width, and 

box notch). Group A comparative experiment.   
To examine the results of the main effect in Table no.1.  It was found 

that the F-value of the length variable equal to (19.88), and the tail 

probability for this variable is equal to (0.000), and that means very high 

level of significance. The sphericity assumption is not met  and the 

Mauchly's W test equal ( 0.566 )and their significance level (0.000) . We 

do  need to use the conservative test for this length variable, and still main  

effects have very high level of significance with conservation test equal 

(0.000) . Now let us examine trend analysis  for  the length variable main 

effect , we found two components linear and the  quadratic were 

significant with very high level of significance(0.000) ,and that  can be 

seen from plot no.1 box notch experiment. However, the F-value still has a 

very high level of significance (0.000), and the length  variable is very 

important for the experiment. 
The F-value of the width variable equal to (3.427), and the tail 

probability for this variable is equal to (0.018), 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  

( 0.868 )and their significance level (0.170).  The conservative test for this 

width variable is not important.  Now  the trend analysis  for  the width 

variable main effect, we found only the  quadratic is significant with high 

level of significance ,and that  can be seen from plot no.1 box notch 

experiment. This results disagree with the results of the Keele and 

Baghdad the box notch three factors experiment (box length, box width , 

and box notch). Group A comparative experiment.اااIn this experiment 

box notch, width variable is important by it self and with the others 

variables by the interactions and had affected subjects' judgments of box 

length. 

Finally let us examine the box notch main effect, it was found that the 

F-value was equal to 0.686 in Table no.1, and the tail probability for theا
F-value was equal to 0.562. Now we don't need to use the conservative test 

and the trend analysis  because the main effect of this variable is not 

significant. And that would  mean this box notch variable was not 

important by itself but with others interactions as we explained before 

.This results of the box notch variable agree with Hussin, M.M. (1989) 

result, of box notch experiments group A, at Keele , and Baghdad  
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7- The second experiment outlier values experiment 

results. 
This section for outlier values results of the analysis of variance with 

the trend analysis, the model for the experiment equation no. (2), three 

variables, box length with four levels and box width with four levels 

and outlier values with four levels. 

 Yijnk =U....+ Li+ Dj +On +LDij +LOin +DOjn +LDOijnا

+Eijnk..........( 2 ) 
اااااا'ا k '   th observation ( subjects ) 
اااااا'اا I '   th level of box length factor ( q ) levels . 

ااا'اا j  '    th level of box width factor ( r ) levels . 

.ا n '    th level of outlier values factor  (p) levels  ' ااا  

 This model repeated measures design, the box length, box width, andا

outlier values  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 the three variables box length,  box width, and 

outlier values(LDOijn ). The Fاvalue for this test was equal to 2.731, 

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 was 

equal to 0.000.  The sphericity assumption was not met, and the 

conservation test was used, and still the tail probability for the F - 

value of this test very high level of significance was equal to 0.001, with 

the Greenhouse & Geisser. Therefore, this means there was a very 

high level of significance for the interaction effects. To examine the 

trend analysis of this interaction. We found five trend components 

were significant in table no.2, with a very high levels of significance  

and also can see that very clear from the plot no.3 and  plot no.4 of 

outlier values experiment, for the box width / box length, and box 

length /outlier values .ا  

That means this interaction (LDOijn ) was arise from the 

differences between all components of trends for these three variables. 

These variables all of them important for the experiment and effected 

on the subjects' judgments. In this experiment the subjects faced 

problems in their judgments, the reason might be that the joining of 

these three variables creates an interaction or perceptual problem as 

Lovie (1985) argued, and the visual illusion might then affect the 

subjects 'ا judgments as Cleveland et al ( 1987 ) accepted. 

And now let examine the two way interactions effects and start with 

the interaction of box length/box width interaction (LDij ). It was 

found that the (F)ا value of this interaction effects(LDij )  was equal to 
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4.222 and the tail probability for the usual (F) test was equal to 

(0.000). That means this interaction effects have a very high level of 

significance. But Checking the assumption for the interaction (LDij ) 

by using the sphericity test the tail probability for this test  revealed 

that the assumption of sphericity was not met, thus the conservative 

test provided an approximate test. But even with this test, still the 

interaction effects have a very high level of significance (0.000). Also it 

is very clear to recognize the interaction between these two variables 

from outlier values experiment plot no.4 the plot of box width/box 

length, and that would means this interaction very important on the 

subjects' judgments. And the second interaction the box length /outlier 

values  

(LOin), we found the F-value of this interaction equal to (3.066)and the 

tail probability equal to (0.001), and that means with high level of 

significance, in the same time the sphericity test is not met ,but even 

with the conservative test still the interaction  effects have a very high 

level of significance (0.005), and we can show that from plot no.3. And 

that would means this interaction very important on the subjects' 

judgments as the first one.  And also the third interaction box 

width/outlier values( DOjn  )  have a very high level of 

significance(0.000) and  the F-value equal (4.135), and even after using 

the conservative test still the interaction  effects have a very high level 

of significance (0.000). And also this interaction very important on the 

subjects' judgments as the first one and the second and all three 

variables important on the experiment by their interactions between 

them.   
And to consider the results of the main effects of these three 

variables in Table no.2. It was found that the F-value of the box length 

is equal to 265.65 and value larger from all other values of the box 

length in all pervious experiments in box plot , 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 sphericity is not met 

.The conservation test should be used ,اand 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. One possible explanation of this result is that the 

box length of the standard box plot is the middle length levels of the 

other box lengths of the booklet, and also can be seen very clear from 

the plot no.3 and plot no.4, that the average of the absolute values of 

the errors  increases with the middle length levels  and  decreases with 

shorter and longer levels. These results opposite to the results of the 

experiment of two variables M. M. Hussin(2007) and we can recognize 

that this variable very important by itself more than other variables 
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and also three variables experiments more difficult for the subjects 

than the two variables experiments . Now let us examine the trend test 

of this effect. It was found that three trend components are significant 

with very high levels of significance, this result  can be seen from the 

two plot no.3 and plot no .4 and also from 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. 

To examine the other two main effects of box width and outlier 

values, it was found that the F-value of the box width was equal to 

2.174 in Table no.2, and the tail probability for theاF-value was equal 

to 0.093, the width variable was not significant. Now we don't need to 

use the conservative test because the variable main effect was not 

significant. And also the same things for the main effects of the outlier 

values the F-value equal to 0.529 and the significance level was not 

significant it was equal to (0.665). These two variables box width and 

outlier values were not important by itself for this experiment, but 

important in their interactions together with box length as we mention 

before, and their effect were not in obvious pattern as  length variable 

as we seen from two plot no.3 and plot no.4. And these results were 

agree with Knight's (1982) results for the outlier values main effect 

two variables experiment box length/outlier values and there were no 

other experiment for outlier vales, but was disagree with Knight's 

(1982) results for the box width main effect two variables box 

length/box width and also disagree with M. M. Hussin (1989, 2006, 

2007) two variables experiments ,but agree with M. M. Hussin (1989) 

box notch experiment three variables(box length, width, notch) group 

A experiments at Keele and Baghdad . One possible explanation of 

these results it might be that this experiment three variables and it was 

more difficult than the others experiments with two variables. 

2- Conclusion 
As we mentioned before, these two new experiments three variables 

investigate the  three feature variations, box width, box notch, outlier 

values and the combinations between them ,together with the box 

length. We suggested in the future research points (1, 2, 3), Hussin, 

M.M. (1989), 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 and other features from the 

experiments of Hussin, M.M. (1989) group B.  We found that from the 

results of these two experiments, the conclusions of these two 

experiments can be summarized as follows:  
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1- These variations on a basic box plot very important to add more 

information to the box plot, but the coast more difficulties arises.  

Subjects in these two experiments with three variables, faced more 

difficulties than two variables experiments and some times the  results 

opposite to them as we mentioned to them before and clear from plots 

(1, 2, 3, 4) if we compare with  Hussin, M.M. (1989, 2006, 2007).   

 The three variables interactions of the box plot features are veryا-2

important and impaired subjects' judgments of box length and make the 

subjects' judgments very difficult . And some time the results 

unexpected as we found the interactions between box width and outlier 

values and also the interaction between box length and outlier values, 

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 standard box plot length very important and influence subjects' 

judgments as wefound from this experiment results and the same results 

of Hussin, M.M.(2006,2007), and the results agrees with Hussin, 

M.M.(1989) suggestion in future research points(1, 2, 3). 
 The outlier values variable was a very important variable andا-4

influences a subjects' judgments of the box length, even this variable 

irrelevant variable inاthe experiment. But it is not by itself but by  the 

interactions with other two variables in the experiment, even these 

interactions unexpected.   
ا The box notch variable was a very important variable and influences aا-5

subjects' judgments of the box length. But it is not by itself but by  the 

interactions with other two variables in the experiment, and in the same 

times these interactions expected  

6- The box plot length (midspread) was the most important variable اto 

affect   subjects' judgments in the box plot, because the box length 

variable اthe   relevant  variable  in  the  experiment so this result very 

reasonable ,  these  results  agree  with اKnight's (1982) results, and with 

Hussin, M. M.'s (1989,2006,2007) results for all box plot اexperiments. 
7- The box width was a very important variable in the experiment, but it 

might be lease thanاto the box length and that’s very fair and 

reasonable, and even some times with three variables experiments we 

found the width variable was not significant, but the interactions 

between these three variables were very important andاmake the 

subjects' judgmentsاmore difficult,  as we mentioned before it might be 

create visual illusion. 



 8002/ لسنة  13/ ع41المجلد                       مجلة العلوم الاقتصادية والادارية                                                                                             

 330 

BIBLIOGRAPHY 
اا4 - Baldwin, J.M. (1895). The effect of size contrast upon judgments of 

position in the retinal field, Psychological Review, 2, p.244-59. Cited 

in Robinson, 1972. 
اا8 - Chambers, J.M., Cleveland, W.S., Kleiner, B. and Tukey, 

D.A.(1983). Graphical  methods for data  analysis, Duxbury (soft 

cover), Boston and Wadsworth (hard cover), Belmont, California. 
  3- Charles S. Davis (2002).Statistical Methods for the Analysis of 

Repeated Measurements. Springer-Verlag New York, Inc. 

اا1  - Cleveland, W.S., Harris, C.S. and McGill, R. (1982). Judgments of 

Circle Size on Statistical Maps, Journal of the American Statistical 

Association 77 p.541-547 
اا5  -Cleveland, W.S. & McGill, R. (1984). Graphical perception: Theory, 

Experim- entation, and application to the development of graphical 

methods. Journal of the American Statistical Association, 79, p.531-

554. 

اا4  -Cleveland,  W.S.  &  McGill, R. (1986). An experiment in graphical 

perception. International Journal of Machine Studies, 25, p.491-500. 
اا1  - Cleveland, W.S. & McGill, R. (1987). Graphical perception: The 

visual decoding of quantitative information on graphical displays of 

data, 

(with discussion). Journal of the Royal Statistical Society A, 150, 

part3, p. 192-229. 
ا2  - Greenhouse, S.W. and Geisser, S. (1959). On methods in the analysis 

of profile data. Psychometrika, 24, p.95-112. 
ا3  - Hussin, M. M. (1989). Some studies of a graphical method in 

statistical data analysis; subjective judgments in the interpretation of 

Box plots- Unpublished Ph.D. Thesis, Keele university , U.K ..ا  

 10-  Hussin,  M. M.  (2005), Statistical Data Analysis Using SPSS, 

Amman, Dar Alhamed .   

 11- Hussin, M. M. (2006),Part one, An Experiments on the Box plot, 

Journal of Administration and Economy, Volume 12, number 42, 

P1-26.   

48 -  Hussin, M. M. (2007),Part two, An Experiments on the Box plot, 

Journal of Administration and Economy, Volume 13, number 45, P 

315-332.   

ا43  - Huynh, H. (1978). Some approximate test for repeated 

measurements designs. Psychometrika, Vol.43, No2, p. 161-175. 
 14 - Huynh, H. and Fedlt, L. (1970). Conditions under which mean 

square ration  in repeated measurements designs have exact F-

distributions. Journal of the American Statistical Association, Vol. 

65, No.332, p. 1582-1589. 



 8002/ لسنة  13/ ع41المجلد                       مجلة العلوم الاقتصادية والادارية                                                                                             

 333 

 Huynh, H. and Mandeville, G.K. (1979). Validity conditions in - ا45

repeated measures designs. Psychological Bulletin, Vol.86, No.5, 

p.964 -973. 
46-  Knight, L.C. (1982). "Do additions to the box plot confuse the 

viewer "? Unpublished  B Sc dissertation - University of Keele. 
41 - Lovie, P.(1985). Subjective judgment in data analysis. Research 

Report, Department of Mathematics, University of Keele. Also 

presented in International Seminar on Cognitive processes in 

Mathematics, Keele, 1985. 
 Lovie, A.D. & Lovie, P. (1987). Discussion of the paper by Drs -ا 42

Cleveland ا& Mc Gill. J.R.Statist. Soc. A., p.210-229. 
ا43  - Loynes, R.M. (1987), Discussion of the paper by Drs Cleveland 

&McGill, J.R.Statist. Soc. A., p.210-229 . 
ا80  - Mc Culloch,  J.  (1981). The variable- width box plot from different 

perspective. Unpublished B.A. dissertation, University of Liverpool. 
ا84  - McGill,  R.,  Tukey, J.W. and Larsen, W.A. (1978). "Variations of 

box plots", The American Statistician, 32, p. 12-16. 
ا88  - Rogan, J.C., Keselman, H.J. and Mendoza, J.L. (1979).Analysis of 

repeated measurements. British Journal of Mathematical and 

statistical Psychology, 32, p.269-286 

ا83  - Simkin, D. and Hastie, R. (1987).An information processing 

analysis of graph perception. Journal of the American Statistical 

Association, Vol.82, No.398, p.454-465. 
81-  Sim, C.H. ;Gan, F.F ;Chang, T.C.(2005). Outlier Labeling with Box 

plot Procedures. Journal of the American Statistical Association 

,Volume 100, Number 470, June ,PP. 642-652.   

85 - Stevens, S.S. (1975). Psychophysics. Wiley, New York. 
84- Titchener, E.B. (1906). Experimental psychology. New York, 

Macmillan. Cited in Murch, G.M. (1973). Visual and Auditory 

perception, New York, The Bobbs-Mervill Company, Inc. 
81 - Tukey, J.W. (1977). Exploratory data analysis. Reading mass: 

addison -ا Wesley. 
82 - Winer, B.J.(1962). Statistical Principles in Experimental Design. 

New York: Mc Graw-Hill. 

 



 8002/ لسنة  13/ ع41المجلد                       مجلة العلوم الاقتصادية والادارية                                                                                             

 333 

       Box notch Experiment No.1      Table  no.1 
 

Mauchly's Test of Sphericity

Measure: errors

.566 31.114 5 .000 .819

.868 7.758 5 .170 .978

.675 21.497 5 .001 .835

.310 61.832 44 .040 .950

.217 80.754 44 .001 .904

.435 43.950 44 .477 .982

.000 558.458 377 .000 .791

Within Subjects Ef f ect

length

width

notch

length * width

length * notch

width * notch

length * width * notch

Mauchly 's

W

Approx.

Chi-Square df Sig.

Huynh

-Feldt

Epsilon

 

Tests of Within-Subjects Effects

Measure: errors

19.88 .00

19.88 .00

19.88 .00

3.427 .02

3.427 .02

3.427 .02

.686 .56

.686 .53

.686 .54

2.992 .00

2.992 .00

2.992 .00

4.309 .00

4.309 .00

4.309 .00

3.113 .00

3.113 .00

3.113 .00

2.866 .00

2.866 .00

2.866 .00

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Source

length

width

notch

length * width

length * notch

width * notch

length * width * notch

F Sig.
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Tests of Within-Subjects Contrasts

Measure: errors

44.218 .000

22.590 .000

5.154 .027

3.494 .067

3.276 .076

19.874 .000

5.955 .018

23.965 .000

4.420 .040

5.610 .021

4.281 .043

4.681 .035

6.626 .013

3.724 .059

5.638 .021

12.925 .001

10.416 .002

12.891 .001

.008 .929

3.736 .058

8.237 .006

notch

Linear

Quadratic

Cubic

Cubic

Cubic

Quadratic

Cubic

Linear

Cubic

Linear

Linear

Quadratic

Linear

Quadratic

Cubic

width

Quadratic

Cubic

Linear

Quadratic

Linear

Quadratic

Cubic

Linear

Cubic

Quadratic

Cubic

length

Linear

Quadratic

Quadratic

Cubic

Linear

Cubic

Quadratic

Cubic

Source

length

width

length * width

length * notch

width * notch

length * width * notch

F Sig.

ا
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 Plot                                        اااااااااا   ااااااااااااااااااااااااااا
no.1Length&Width 
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ا
 Plot no.2   اااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا

Length&Notch                          
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ا

اااااااااا Outlier Values Experiment no.2   Table no.2 
 

Mauchly's Test of Sphericity

Measure: MEASURE_1

.375 47.757 5 .000 .621

.814 10.007 5 .075 .947

.921 4.022 5 .546 1.000

.229 69.011 44 .010 .855

.171 82.762 44 .000 .858

.246 65.711 44 .019 .913

.000 556.454 377 .000 .755

Within Subjects Ef f ect

length

width

outliers

length * width

length * outliers

width * outliers

length * width * outliers

Mauchly 's

W

Approx.

Chi-Square df Sig.

Huynh

-Feldt

Epsilon

 
 
 



 8002/ لسنة  13/ ع41المجلد                       مجلة العلوم الاقتصادية والادارية                                                                                             

 334 

اااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا

Tests of Within-Subjects Effects

Measure: MEASURE_1

265.6 .000

265.6 .000

265.6 .000

265.6 .000

2.174 .093

2.174 .101

2.174 .097

.529 .663

.529 .654

4.221 .000

4.221 .000

4.221 .000

4.221 .045

3.066 .001

3.066 .005

3.066 .003

4.135 .000

4.135 .000

4.135 .000

2.731 .000

2.731 .001

2.731 .000

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Lower-bound

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Lower-bound

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Sphericity  Assumed

Greenhouse-Geisser

Huynh-Feldt

Source

length

width

outliers

length * width

length * outliers

width * outliers

length * width * outliers

F Sig.
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Tests of Within-Subjects Contrasts

Measure: MEASURE_1

108.13 .000

383.04 .000

55.490 .000

5.615 .022

7.777 .007

7.700 .008

7.696 .008

7.255 .010

11.073 .002

6.176 .016

9.009 .004

4.783 .033

9.832 .003

8.862 .004

11.943 .001

10.880 .002

16.979 .000

9.949 .003

9.213 .004

4.913 .031

outliers

Quadratic

Cubic

Quadratic

Linear

Cubic

Linear

Quadratic

Cubic

Quadratic

Cubic

Quadratic

Cubic

width

Quadratic

Linear

Linear

Linear

Cubic

Linear

Quadratic

Linear

Linear

Quadratic

Cubic

Cubic

length

Linear

Quadratic

Cubic

Linear

Quadratic

Cubic

Linear

Quadratic

Cubic

Linear

Quadratic

Cubic

Source

length

width

length * width

length * outliers

width * outliers

length * width * outliers

F Sig.

ااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا Plot no.3اbox 
length&outlier values  
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ااااااااااااااااااااااااااااااااا Plot no.4 box length& box width            
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ا
ا

اااااااااااااااااااااااااااااااااااااااااااااااااااا (1A)رلوا  ااااا                         ااااااااااااااااااااااااااااااا
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