One-Sample t-Test

One-Sample t-Test

Example 1 Mortgage Process Time

Problem Data set

A faster loan processing time produces higher productivity MORTGAGE.MPJ
and greater customer satisfaction. A financial services
institution wants to establish a baseline for their process by

estimating their average processing time. They also want to Variable Description
detprmlne if their average time differs from a competitor’s Date Date of customer notification
claim of 6 hours.
Hours Number of hours until customer receives
notification

Data collection

A financial analyst randomly selects 6 loan applications from
the past 2 weeks and manually calculates the time between
loan initiation and when the customer receives the
institution’s decision.

Tools

e 1-Samplet
¢ Normality test
e Time series plot
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Hypothesis testing

What is a hypothesis test

A hypothesis test uses sample data to test a hypothesis about
the population from which the sample was taken. The
one-sample t-test is one of many procedures available for
hypothesis testing in Minitab.

For example, to test whether the mean duration of a
transaction is equal to the desired target, measure the
duration of a sample of transactions and use its sample mean
to estimate the mean for all transactions. This is an example
of statistical inference, which is using information about a
sample to make an inference about a population.

When to use a hypothesis test

Use a hypothesis test to make inferences about one or more
populations when sample data are available.
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Why use a hypothesis test

Hypothesis testing can help answer questions such as:

® Are turn-around times meeting or exceeding customer
expectations?

® [s the service at one branch better than the service at
another?

For example,

® On average, is a call center meeting the target time to
answer customer questions?

® Is the mean billing cycle time shorter at the branch with a
new billing process?
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One-sample t-test

What is a one-sample t-test

A one-sample t-test helps determine whether U (the
population mean) is equal to a hypothesized value (the test
mean).

The test uses the standard deviation of the sample to estimate
G (the population standard deviation). If the difference
between the sample mean and the test mean is large relative
to the variability of the sample mean, then L is unlikely to be
equal to the test mean.

When to use a one-sample t-test

Use a one-sample t-test when continuous data are available
from a single random sample.

The test assumes the population is normally distributed.
However, it is fairly robust to violations of this assumption
for sample sizes equal to or greater than 30, provided the
observations are collected randomly and the data are
continuous, unimodal, and reasonably symmetric (see [1]).
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Why use a one-sample t-test

A one-sample t-test can help answer questions such as:
® Is the mean transaction time on target?

® Does customer service meet expectations?

For example,

® On average, is a call center meeting the target time to
answer customer questions?

® I[s the billing cycle time for a new process shorter than the
current cycle time of 20 days?
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Testing the null hypothesis

The company wants to determine whether the mean time for
the approval process is statistically different from the
competitor’s claim of 6 hours. In statistical terms, the process
mean is the population mean, or | (mu).

Statistical hypotheses

Either [ is equal to 6 hours or it is not. You can state these
alternatives with two hypotheses:

® The null hypothesis (H): (Lis equal to 6 hours.

® The alternative hypothesis (Hy): WL is not equal to 6 hours.

Because the analysts will not measure every loan request in
the population, they will not know the true value of L.
However, an appropriate hypothesis test can help them make
an informed decision. For these data, the appropriate test is a
I-sample t-test.
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One-Sample t-Test

1 Open MORTGAGE.MPJ.
2 Choose Stat » Basic Statistics » 1-Sampile t.

3 Complete the dialog box as shown below.

1-Sample t (Test and Confidence Interval) E|
C1  Date ¢ Samples in columns:
2 Hours Haurs
" Summarized data
[v Perform hypathesis test
Hypothesized mean: |6

araphs.,.. | Options, .. |
Help QF | Cancel |
4 Click OK.
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One-Sample t-Test
Interpreting your results

The logic of hypothesis testing One-Sample T: Hours

Test of mu = 6 vs not = 6

All hypothesis tests follow the same steps:

1 Assume Hj is true. .
Variable N Mean StDev SE Mean 95% CI T p

2 Determine how different the sample is from what you Hours 6 4.792 1.355  0.553 (3.370, 6.213) -2.18 0.081
expected under the above assumption.

3 If the sample statistic is sufficiently unlikely under the
assumption that H, is true, then reject H in favor of H;.

For example, the t-test results indicate that the sample mean
1s 4.792 hours. The test answers the question, “If | is equal to
6 hours, how likely is it to obtain a sample mean at least as
different from 6 hours as the one you observed?” The answer
is given as a probability value (P), which for this test is equal
to 0.081.

Test statistic

The t-statistic (-2.18) is calculated as:
t = (sample mean — test mean) / SE Mean

where SE Mean is the standard error of the mean (a measure
of variability). As the absolute value of the t-statistic
increases, the p-value becomes smaller.
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One-Sample t-Test
Interpreting your results

Making a decision One-Sample T: Hours

To make a decision, choose the significance level, o (alpha), Test of mu =6 vs not = 6

before the test:
Variable N Mean StDev SE Mean 95% CI T p

® If Pisless than or equal to o, reject Hy, Hours 6 4.792 1.355  0.553 (3.370, 6.213) -2.18 0.081
® If P is greater than o, fail to reject Hyy. (Technically, you
never accept Hy. You simply fail to reject it.)

A typical value for atis 0.05, but you can choose higher or
lower values depending on the sensitivity required for the test
and the consequences of incorrectly rejecting the null
hypothesis. Assuming an o-level of 0.05 for the mortgage
data, not enough evidence is available to reject H. P (0.081)
is greater than o.

What’s next

Check the assumption of normality.
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Testing the assumption of normality

The 1-sample t-test assumes the data are sampled from a
normally distributed population.

Use a normality test to determine whether the assumption of

normality is valid for the data.
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One-Sample t-Test

1 Choose Stat » Basic Statistics » Normality Test.

2 Complete the dialog box as shown below.

Mormality Test

Percentile Lines
* None

C2  Hours Variable: | Hours

X

oAby values: |

At data values: |

Tests for Marmality
¥ pnderson-Darling
" Ryan-Joiner

(Similar to Shapiro-ill)

™ Kolmogorow-Smirnoty

Title: |
Help oK | Cancel
3 Click OK.
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Interpreting your results

Use the normal probability plot to verify that the data do not
deviate substantially from what is expected when sampling
from a normal distribution.

® If the data come from a normal distribution, the points
will roughly follow the fitted line.

® [f the data do not come from a normal distribution, the
points will not follow the line.

Anderson-Darling normality test

The hypotheses for the Anderson-Darling normality test are:
® H: Data are from a normally distributed population

® H;: Data are not from a normally distributed population

The p-value from the Anderson-Darling test (0.463) assesses
the probability that the data are from a normally distributed
population. Using an o-level of 0.05, there is insufficient
evidence to suggest the data are not from a normally
distributed population.

Conclusion

Based on the plot and the normality test, assume that the data
are from a normally distributed population.

Note | When data are not normally distributed, you may be able to

transform them using a Box-Cox transformation or use a
nonparametric procedure such as the 1-sample sign test.
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Probability Plot of Hours

Normal

Mean 4.792
StDev  1.355
N 6
AD 0.298
P-Value 0.463

Percent
b

What’s next

Check the data for non-random patterns over time.
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One-Sample t-Test
Testing the randomness assumption

Use a time series plot to look for trends or patterns in your Time Series Plot
data, which may indicate that your data are not random over

time. 1 Choose Graph » Time Series Plot.

2 Choose Simple, then click OK.

3 Complete the dialog box as shown below.

K

Time Series Plot - Simple

1 Date Series;
2 Haours

Hours

Timefscale. .. | Labels... | Data Yiew. ..

Multiple Graphs... | Data Options. .. |

Help QK Cancel

4 Click OK.
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One-Sample t-Test
Interpreting your results

If a trend or pattern exists in the data, we would want to

understand the reasons for them. In this case, the data do not
exhibit obvious trends or patterns. 631
6.0

What’s next 5.5

Time Series Plot of Hours

Calculate a confidence interval for the true population mean. 501

Hours

4.5

4.0

3.5

301,

Index
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Confidence intervals

What is a confidence interval

A confidence interval is a range of likely values for a
population parameter (such as W) that is based on sample
data. For example, with a 95% confidence interval for U, you
can be 95% confident that the interval contains [ (in other
words, 95 out of 100 intervals will contain [ upon repeated
sampling).

When to use a confidence interval

Use a confidence interval to make inferences about one or
more populations from sample data, or to quantify the
precision of your estimate of a population parameter, such as

L.
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Why use a confidence interval

Confidence intervals can help answer many of the same
questions as hypothesis testing:

® [s U on target?
®* How much error exists in an estimate of [1?

®* How low or high might L be?

For example,
® Is the mean transaction time longer than 30 seconds?

®* What is the range of likely values for mean daily revenue?
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One-Sample t-Test
Interpreting your results

Confidence interval One-Sample T: Hours

The 95% confidence interval for the average processing time Test of mu =6 vs not = 6

is between 3.37 hours and 6.213 hours. The 95% confidence

interval includes the comparison value of 6. This is Variable N  Mean StDev SE Mean 95% CI T P
equivalent to failing to reject the null hypothesis (Hy: 1L = 6) Hours 6 4.752 1.355  0.553 (3.370, 6.213) -2.18 0.081
for this t-test with an o of 0.05.
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Final considerations

Summary and conclusions

According to the t-test and the sample data, you fail to reject
the null hypothesis at the 0.05 o-level. In other words, the
data do not provide sufficient evidence to conclude the mean
processing time is significantly different from 6 hours.

The normality test and the time series plot indicate that the
data meet the t-test’s assumptions of normality and
randomness.

The 95% confidence interval indicates the true value of the
population mean is between 3.37 hours and 6.213 hours.
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Final considerations

Summary and conclusions
Hypotheses

A hypothesis test always starts with two opposing
hypotheses.

The null hypothesis (H):

® Usually states that some property of a population (such as
the mean) is not different from a specified value or from a
benchmark.

® s assumed to be true until sufficient evidence indicates
the contrary

® [s never proven true; you simply fail to disprove it.

The alternative hypothesis (H;):

® States that the null hypothesis is wrong

® Can also specify the direction of the difference
Significance level

Choose the o-level before conducting the test.

® Increasing o increases the chance of detecting a
difference, but it also increases the chance of rejecting Hy
when it is actually true (a Type I error).

® Decreasing o.decreases the chance of making a Type 1
error, but also decreases the chance of correctly detecting
a difference.
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Assumptions

Each hypothesis test is based on one or more assumptions
about the data being analyzed. If these assumptions are not
met, the conclusions may not be correct.

The assumptions for a one-sample t-test are:
® The sample must be random
¢ Sample data must be continuous

® Sample data should be normally distributed (although this
assumption is less critical when the sample size is 30 or
more)

The t-test procedure is fairly robust to violations of the
normality assumption, provided that observations are
collected randomly and the data are continuous, unimodal,
and reasonably symmetric (see [1]).

Confidence interval

The confidence interval provides a likely range of values for
L (or other population parameters).

You can conduct a two-tailed hypothesis test (alternative
hypothesis of #) using a confidence interval. For example, if
the test value is not within a 95% confidence interval, you
can reject Hy at the 0.05 o-level. Likewise, if you construct a
99% confidence interval and it does not include the test
mean, you can reject H at the 0.01 o-level.

TRMEM150.SQBS 1'17



	1 Statistical Inference and t-Tests
	One-Sample t-Test
	Example 1 Mortgage Process Time




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /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 150
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




