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ABSTRACT    
Background: Bootstrap is a computer simulation-based method that provides estimation accuracy in estimating inferential statistical 

parameters. Purpose: This article describes a research using secondary data (n = 30) aimed to elucidate bootstrap method as the 
estimator of linear regression test based on the computer programs MINITAB 13, SPSS 13, and MacroMINITAB. Methods: Bootstrap 
regression methods determine β̂  and  Ŷ  value from OLS (ordinary least square), iii YY ˆ−=ε value, determine how many repetition 
for bootstrap (B), take n sample by replacement from iε  to 

)(iε , 
)(

ˆ
iii YY ε+= value, β̂ value from sample bootstrap at i vector. If the 

amount of repetition less than, B a recalculation should be back to take n sample by using replacement from iε . Otherwise, determine

β̂  from “bootstrap” methods as the average β̂ value from the result of B times sample taken. Result: The result has similar result 
compared to linear regression equation with OLS method (α = 5%). The resulting regression equation for caries was = 1.90 + 2.02 
(OHI-S), indicating that every one increase of OHI-S unit will result in caries increase of 2.02 units. Conclusion: This was conducted 
with B as many as 10,500 with 10 times iterations. 
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INTRODUCTION

Bootstrap is a computer simulation-based method that 
provides estimation accuracy in estimating inferential 
statistical parameters. To solve problems in insufficient 
statistical samples (small number of samples), computer-
based method such as bootstrap has rarely been employed 
although its use is quite simple.1 The simplicity of 
application can be observed in the use of the media and 
more advanced method, which is an implementation of 
the basic concept in statistics. Being computer-based, this 
method does not use classical statistical method anymore, 
which application use a relatively complex formulation.2

Multiple linear regression analysis is an extension of 
simple linear regression analysis. Simple linear regression 
analysis of two variables correlation analysis is made 

between one dependent variable (Y) and one independent 
variable (X). In multiple linear regression analysis, 
there are one dependent variable (Y) and more than one 
independent variables (Xi), in which i = 1, 2, 3 ... p, with 
an aim to predict Y value (dependent variable) based on X 
values (independent variables). The correlation between 
one independent variable and one dependent variable 
is discussed in simple linear regression, and correlation 
between more than one independent variables in multiple 
linear regression analysis.3 As an application in this 
study, we used data on the effect of oral hygiene on dental 
caries. The dependent variable was dental caries and the 
independent variable was oral hygiene. The problem of this 
study addressed the process of bootstrap method application 
to assess linear regression parameter. The objective of this 
study was to evaluate bootstrap method as an estimation of 
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linear regression parameter. The benefit of this study was 
to find the solution using bootstrap method in estimating 
linear regression parameter.

MATERIALS AND METHODS

The research using secondary data,4 with independent 
variable (oral hygiene) and dependent variable (dental 
caries). Data source was secondary data entitled “Permanent 
Teeth Eruption and Oral Hygiene among Elementary 
School Children in Goiter Endemic Area, District of 
Jember”.5 Data analysis was undertaken using computer 
(MINITAB 13, SPSS 13, MacroMINITAB). The algorithm 
of data regression method of bootstrap result (Figure 1). 

This program begins to determine β̂  and Ŷ  values 
from OLS, iii YY ˆ−=ε , the number of repetition bootstrap 
(B), then taking n sample from the return of iε , which is 
regarded as )(iε . Determine 

)(
ˆ

iii YY ε+=  values, and then 
determine β̂ values in ith sample. If the number of repetition 
bootstrap < B consequently taking n sample from the return 
of iε , which is regarded as )(iε . If the number of repetition 
< B consequently determining β̂ from “bootstrap” method 
as the average of β̂ of sample taking in B times.

RESULT

Thirty out of 100 secondary data were randomized. The 
data were tried to be firstly subjected to linear regression 

Determine β̂  and Ŷ  values from OLS 

Determine iii YY ˆ� H

Determine the number of repetition bootstrap (B)

Taking n sample from the return of iH , which is regarded as )(iH

Determine )(
ˆ

iii YY H�  values 

Determine β̂  values in ith sample 

Is the number of repetition <B
Yes

no

Determining β̂  from “bootstrap” method as the average of 

β̂  of sample taking in B times 

Start

Finish

Figure 1. The algorithim of data regression method of bootstrap result.6
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analysis, and after regression equation was obtained, they 
were subjected to linear regression analysis of the bootstrap 
result using MacroMINITAB program.

Determining regression coefficient parameter using linear 
regression analysis
Analysis regression: Caries vs. OHI-S
The regression equation is
Karies = 1.90 + 2.02 OHI-S
Predictor Coef SE Coef T P
Constant 1.9028 0.4557 4.18 0.000
OHI-S  2.0228 0.2660 7.61 0.000
S = 1.167  R-Sq = 67.4%  R-Sq(adj) = 66.2%
Analysis of Variance
Source DF SS M F P
Regression  1 78.818 78.818 57.85 0.000
Residual Error  28 38.149 1.362
Total  29 116.967
Unusual Observations
Obs OHI-S Karies Fit SE Fit Residua St Resid
6 1.90 10.000 5.746 0.236 4.254 3.72R 
R denotes an observation with a large standardized 
residual
Durbin-Watson statistic = 2.00

Using enter method on the result of t test above, the 
p value for OHI-S variable was significant (p-value = 
0.000). In variance test the significance was p = 0.000. The 
regression parameter of b0 = 1.9028 and b1 = 2.0228. The 
regression equation : Caries = 1.9028 + 2.0228 OHI-S or 
Caries = 1.90 + 2.02 OHI-S.

Several assumption tests:

ει was normally distributed and ε  was a randomized 
variable with (Σει) = 0 . The Kolmogorov-Smirnov test 
revealed “Approximate p -value” of > 0.15. Residual had 
normal distribution. The result of Spearman’s correlation 
test revealed insignificant correlation between residual 
and OHI-S variable (“Sig” = 0.685), indicating no 
heteroscedacity. No correlation assumption was observed 
by comparing the values in Durbin Watson table to the 
values of Durbin Watson values from the estimation. The 
value of d was > du or 4-d > du, H0 was accepted, indicating 
no correlation between residuals. The independent variable 
was only one, multicolinearity assumption test could not 
be performed. Plot dots were distributed around the value 
0, indicating the presence of linearity.

Determining regression coefficient parameter of bootstrap 
result data

Bootstrap method applied was performed by resampling 
the residuals. The call of bootstrap command in the form of 
MacroMinitab with 10 iterations was %d:\bootstrap_baru.
txt c1 c2 c3-c12 c13-c22 c23 c24 c25 c26 c27 c28, which 
was subsequently entered into Minitab program.

Description: %d:\bootstrap_baru.txt is formula 
bootstrap, c1 is column variable dependen, c2 is column 
variable independent, c3-c12 is column regression 
parameter b0 . c13-c22 is column regression parameter b1, 
c23 is column b0 bootstrap, c24 is column b1 bootstrap, c25 
is column lowb1, c26 is column up

 
b0, c27 is column low 

b1, c28 is column up b1.
First, we used B of 1000 as many as 1000 times iteration, 

and the B was augmented with the addition of 500 until 
reaching convergent (constant) regression parameter, with 
an agreement that resulted regression coefficient parameter 
is using two decimal places. It was found that in B = 10.500 
in 10 times iteration the regression coefficient parameter 
value of b0 was convergent/constant.

Table 1 shows that b0 was 1.90, and b1 was between 2.02 
–2.03 (two decimal places). Mean of b0 = 1.90 and mean 
of b1 = 2.02. Subsequently, the variance of each bootstrap 
was estimated. The variance of b0 and b1 of B = 10.500 can 
be seen in table 2.

Table 2. Variance values of b0 and b1 in B = 10.500

B
Parameter

b0 b1

10.500 0.000002072 0.000002813

Table 2 shows that in B = 10.500 the variance of b0 is 
0.000002072, b1 = 0.000002813. B = 10.500 with 10 times 
iteration revealed the least variance (minimum) compared 
to other B.

DISCUSSION

Regression equation produced using bootstrap 
method (with B = 10,500 and 10 times iteration) is not 
far different from simple linear regression equation. The 
resulted regression equation was Caries = 1.90 + 2.02 

Table 1. Parameters of b0 and b1 in B = 10.500 in 10 times iteration

B= 10.500 Parameter i = 1 i =2 i = 3 i = 4 I = 5 i = 6 i = 7 i = 8 i = 9 i = 10

b0 1.8
982
5

1.9
021
6

1.9
006
5

1.9
022
6

1.9
012
1

1.8
990
5

1.8
995
5

1.8
995
2

1.9
014
4

1.9
020
8

b1 2.0
220
6

2.0
250
6

2.0
223
8

2.0
237
3

2.0
2

608

2.0
238
5

2.0
251
5

2.0
256
2

2.0
215
5

2.0
219
8
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OHI-S, indicating that every increase of one OHI-S unit 
will increase 2.02 unit of the caries. Linear regression 
analysis with bootstrap method requires a longer time, 
because repetition will be done until required convergent 
(constant) regression coefficient and minimum variance 
are obtained.

Prior to performing linear regression analysis using 
bootstrap method, it should be considered first that not all 
data can be bootstrapped. Bootstrap method is used only 
in highly necessary conditions, such as insufficient (small) 
number of samples, unknown data distribution, and in the 
measurement of parameter estimation accuracy.

From B = 10.500 the convergent (constant) regression 
parameter values (b0 1.90, b1 2.02) were obtained. The 
estimation of regression parameter (b) was obtained by 
adding the beta (b0, b1) in each resampling, and divided with 
B value. Thus, it presents as the mean of beta estimation 
in each resampling process.7 There was no explanation 
in the literature that determines the amount of bootstrap 
that should be used in a study. It is apparent that bootstrap 
recommended in various literatures today is increasing 
along with the advanced capability in computerization.

In B = 100,000 in an increase of 500 in each bootstrap 
would quickly produce more centralized (more convergent) 
parameter. In this study the bootstrap was started in 1000.8 
A general guidelines, B = 1000 is the most frequently 
used bootstrap for the first bootstrapping. Iteration was 
performed 10 times to produce convergent (constant) 
regression coefficient parameter.9 Iteration process is 
performed until obtaining convergent (constant) regression 
coefficient parameter.10

In B = 10.500 with 10 times iteration, the least 
(minimum) variance were produced, i.e., b0 = 0.000002072 
and b1 = 0.000002813. The more convergent the data, the 
less the variance produced. However, this was not supported 
by Walpole and Sudjana11 who found that the best estimator 
was the one with minimum variance (estimator with the 
least variance among all other estimators for the same 
parameter).12

OHI-S variable has effect on dental caries (p-value = 
0.000). Poor dental hygiene is one cause of dental caries, 
either milk or permanent teeth, particularly in children 
who are mostly unable to brush their teeth appropriately. 
The better the oral hygiene, the lower the severity of the 
caries. In contrast, the worse the oral hygiene, the higher 
the severity of the caries. This confirms the assumption that 
oral hygiene is one of the factors that influence dental caries. 

The prevalence of dental caries increased in children with 
poor dental hygiene compared to those with good dental 
hygiene.13 There was a strong correlation between poor oral 
hygiene, the presence of plaque, and the prevalence and 
severity of periodontal diseases and dental caries.14

Regression equation produced by using simple linear 
regression is not far different from bootstrap method with 
B = 10,500 and 10 times iteration.

Linear regression analysis with the data resulting from 
bootstrap should be employed in highly required conditions, 
such as insufficient (small) number of samples, unknown 
data distribution, and in the measurement of parameter 
estimation accuracy.

REFERENCES

 1. Longini, Halloran A. Resampling-based test to detect person to person 
transmission of infectious disease. Journal of The Annals of Applied 
Statistics 2007; 1(1). Available at: http://www.litbang.depkes.go.id/
download/artikel/artikel-ai/article-ai-statistics-2007.pdf. Accessed 
February 22, 2008.

 2. Efron B, Thibshirani RJ. An introduction to the bootstrap. New York: 
Chapman and Hall; 1993. p. 5, 6, 10.

 3. Djarwanto. Mengenal beberapa uji statistika dalam penelitian. 
Yogjakarta: Liberty; 1996. p. 175–6.

 4. Neuman W. Lawrence, social research methods qualitative and 
quantitative approach. 6th ed. Boston: Pearson; 2006. p. 17.

 5. Handayani ATW. Erupsi gigi permanen dan kesehatan rongga mulut 
pada anak sekolah dasar di daerah endemik gondok Kabupaten 
Jember. Tesis. Surabaya: Fakultas Kesehatan Masyarakat Universitas 
Airlangga; 2007. p. 48–63.

 6. Atmono D. Manajemen data. Surabaya: Institut Sepuluh Nopember; 
2005. p. 48.

 7. Sahinler, Topuz. Bootstrap and jackknife resampling algorithms for 
estimation of regression parameters. Journal of Applied Quantitative 
Methods 2007; 2(2). Available at: http://jaqm.ro/issues/volume-
2,issue-2/pdfs/sahinler_topuz.pdf. Accessed February 22, 2008.

 8. Lange K. Statistics and computing, numerical analysis for statisticians. 
New York: Springer; 1999. p. 309–10.

 9. Anonim. Bootstrapping (Statistics). Available at: http://en.wikipedia.
org/wiki/Bootstrapping_(statistics). Accessed May 15, 2008.

10. Atkinson K. Elementary numerical analysis. New York: John Wiley 
& Sons; 1985. p. 17–9.

11. Sudjana. Metoda statistika. Bandung: Penerbit Tarsito; 1996. 
p. 198–9.

12. Ronald WE, Raymond MH. Ilmu peluang dan statistik untuk insinyur 
dan ilmuwan. Edisi keempat. Bandung: ITB; 1995. p. 363–4.

13. Kuntari S. Hubungan antara kebersihan gigi dan karies gigi pada anak 
usia 4–6 tahun di Kotamadya Surabaya. Majalah Kedokteran Gigi 
1996; 29(1): 13–5.

14. Boedihardjo. Hubungan antara kerusakan jaringan periodontal yang 
disebabkan oleh plak dengan kebetuhan perawatan periodontal. 
Disertation. Surabaya. 1996. p. 25–32.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




