Your Name:

Section:

36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab #14[therewasno lab #13]
Time SeriesData and Time SeriesTransformations

Objectives:

1.

2.
3.

To learnaboutthe mainfeaturef atime series(a serieof measuremenisn thesamevariabletaken
atrepeatedntenalsin time), includingtrend seasonalariation andcycle

To review exploratorymethodssuchasthe boxplot

To explorethe effect of locationandscaletransformationgy = ax + b) ontime seriesdata.

Getting Started

For todays lab, you will needsomedatafrom thefile sener. BeforestartingMINITAB, follow thesesteps
to getthefilesusenpl oy. nt p andt enp. dat for todays lab:

1.

2.

(o))

Openthe Student folder. To do this, doubleclick on the“ClusterHD” icon. Thendoubleclick the
“documents’folder. Youwill eventuallymove the datainto thisfolder.

In the following order: From the Apple menuin the upperleft handcornerof the titlebar, choose
Chooser In thedialogboxthatappearglick AppleShare. In the bottomleft box called“AppleTalk
Zones"selectBH. In thetop right box whereit says‘Selectafile sener” selectHSSHELIOS. Click
Ok.

. In the dialog box that appeardogin using“36201” asyour Nameand “36201” asyour passverd.

Click Ok. In thedialogbox thatappearsighlight“Class’ Click Ok.

. A “Class”iconwill appeato theright. Doubleclick ontheicon. Thendoubleclick on 36201.You

will seemary filesin afolder.

. Copy all of thefiles thatyou will needto the Student folder. Do this by draggingthe files into the

Studenfolder. Fortoday you needthefilesusenpl oy. nt p andt enp. dat .

. Closeall windows.
. IMPORTANT: Dragtheclassiconinto thetrash.This is necessaryo let othersin thelab getaccess

to thedata.



Background: Time SeriesData

Repeatedneasurementsf the samevariableover a long periodof time is calleda time series Examples
include, the measuremenof a persons body temperaturesvery hour for 24 hours; the numberof U.S.
exportspermonthfor thelast60 months;and,thenumberof traffic fatalitieseachyearfor thepasts0years.
A featureof time seriesdatais thatwe aremeasuringhe samevariableon anindividual or on a particular
procesqe.g.,numberof exports)regularly at differentpointsin time. Thisis in contrasto measuringsay
bodytemperaturejust onceon eachof 24 people. To useexploratorydataanalyticmethodsto describea
time serieswe will usea plot calleda time seriesplot which is simply a scatterplobf the variableat each
pointin time atwhich it wasmeasuredOftenatime serieds erraticwith alot of fluctuations.Our objective
is to try to seeanoverall patternin thetime seriesby describingfeaturesof thetime series.Thesefeatures
include

theTrend(how thelevel of thevariablechange®verthelongterm),

Cycles(short-termyegularfluctuationswith unitsof time suchasyears monthsweeksor days),

Seasonalariation (regular fluctuationsthat repeatfrom yearto year especiallyin economicand
socialdata),andarny

SmallScaleFluctuationsor ChangingVariability, eitherof which mayindicatethatsomethingnter
estingis goingon thatis not capturedoy the overall trend,cycle or seasonalariationin the data.

Examplel

A simplemeasuref the growth of the US economyis the numberof workersemplo/ed eachmonth. The
filesusenpl oy. nt p andt enp. dat containghe numberof workersemplo/edin the US economy(ex-
cludingfarmworkers,whoarecountedseparately)every monthfrom Januaryl 986to Januaryl 996(source:
US Bureauof Labor StatisticasWVWW siteht t p: / / st at s. bl s. gov/). Thedataitself is reproducedn
Tablel, page3, for reference.

1. In M NI TAB pull down theFile menuandselectOpen Worksheet Ontheright sideof thedialogue
box chooseDesktopandthenselectthe Student Folder. At the bottomof thedialoguebox set”List
Filesof Type”to ALL .

2. Choosausenpl oy. nt p andclick open

3. NamethecolumnsObs-No, Year, Month andWorkers.



Obs.No. Year Month Workers Obs.No. Year Month Workers Obs.No. Year Month Workers
1 1986 1 97247 41 1989 5 108127 81 1992 9 109249
2 1986 2 97438 42 1989 6 108796 82 1992 10 109827
3 1986 3 97987 43 1989 7 107725 83 1992 11 110064
4 1986 4 98822 44 1989 8 107803 84 1992 12 110042
5 1986 5 99513 45 1989 9 108599 85 1993 1 107875
6 1986 6 99819 46 1989 10 109083 86 1993 2 108496
7 1986 7 99064 47 1989 11 109514 87 1993 3 108935
8 1986 8 99236 48 1989 12 109495 88 1993 4 109936
9 1986 9 100160 49 1990 1 107460 89 1993 5 110901

10 1986 10 100726 50 1990 2 107952 90 1993 6 111499
11 1986 11 100983 51 1990 3 108606 91 1993 7 110636
12 1986 12 101138 52 1990 4 109257 92 1993 8 110749
13 1987 1 99173 53 1990 5 110192 93 1993 9 111719
14 1987 2 99494 54 1990 6 110864 94 1993 10 112411
15 1987 3 100202 55 1990 7 109499 95 1993 11 112737
16 1987 4 101213 56 1990 8 109346 96 1993 12 112869
17 1987 5 101980 57 1990 9 109917 97 1994 1 110592
18 1987 6 102584 58 1990 10 110113 98 1994 2 111168
19 1987 7 101831 59 1990 11 110059 99 1994 3 112141
20 1987 8 102061 60 1990 12 109761 100 1994 4 113172
21 1987 9 102830 61 1991 1 107263 101 1994 5 114179
22 1987 10 103736 62 1991 2 107227 102 1994 6 114961
23 1987 11 104074 63 1991 3 107507 103 1994 7 114004
24 1987 12 104313 64 1991 4 107913 104 1994 8 114266
25 1988 1 102209 65 1991 5 108608 105 1994 9 115269
26 1988 2 102785 66 1991 6 109110 106 1994 10 115829
27 1988 3 103535 67 1991 7 107867 107 1994 11 116414
28 1988 4 104433 68 1991 8 107959 108 1994 12 116415
29 1988 5 105186 69 1991 9 108666 109 1995 1 114014
30 1988 6 106059 70 1991 10 109027 110 1995 2 114645
31 1988 7 105169 71 1991 11 109036 111 1995 3 115307
32 1988 8 105325 72 1991 12 108888 112 1995 4 116133
33 1988 9 106180 73 1992 1 106520 113 1995 5 116858
34 1988 10 106841 74 1992 2 106775 114 1995 6 117615
35 1988 11 107306 75 1992 3 107300 115 1995 7 116423
36 1988 12 107496 76 1992 4 108143 116 1995 8 116588
37 1989 1 105569 7 1992 5 108959 117 1995 9 117430
38 1989 2 105976 78 1992 6 109456 118 1995 10 117960
39 1989 3 106624 79 1992 7 108430 119 1995 11 118158
40 1989 4 107433 80 1992 8 108479 120 1995 12 118176

121 1996 1 115378

Tablel: 10005 of Non-farmworkersemplo/edin theUS, Januaryl986to Januaryl996.




Question#1: How mary non-farmworkersweretherein the US economyin March 19867 How mary in
March1987?

Toinvestigatehetime dependencef thesedata,useM INITAB to make atime serieplot of USemployment
levelsdisplayedn thetable:

Pull down theGraph menu,andselectTime SeriesPlot. In thedialogboxthatapperstypeC4
in thefirst row of the Graph Variablestable(leave the otherrows blank). SelectCalendar to
theright of the Graph Variablestable,click ontheword next to Calendar, andselectMonth
Year from thelist. At the bottomof the dialog box selectOptions, anda new dialog box will
appear In first row of the Start Time tabletype 1 for Month and 1986 for Year. Finally,
uncheckthefirst Show box onthefarright, andcheckthe secondshow box. Now click on Ok
in the Options dialogbox andOk in the Time SeriesPlot dialog box, to seethe time series
plotted.

After the time seriesplot appearsmale it aslarge aspossibleby clicking on the resizebox in the upper
right cornerof the plot, beforeansweringhe next severalquestions.

Question#2: You canseearegularcyclein thetime serieshow long (howv mary months)is it?

& Question#3: Find the points on the graph correspondingto Mar ch 1986and Mar ch 1987.1dentify

any peaksand valleys you seein the period March 1986to March 1987. Doesthis pattern of peaks
and valleys repeateachyear (i.e., doesit representa regular seasonavariation)? Give a plausible
explanationfor the pattern of peaksand valleysyou have identified.




Question#4: Looking atthetimesseriesasa wholefrom 1986-1996¢do you seea generaltrend? Thatis,
is thenumberof workersin theUS economytendingto increasedecreaseyr stayaboutthesameqImagine
astraightline throughthesedata.ls it increasingdecreasingr flat? Thisis thetrend.)

To explorethetrendin thedataandalsothevariability morecloselywe “smoothaway” someof thesmaller
fluctuationsin the databy plotting boxplotsfor eachyears employmentfigureson asinglegraph.

Pull down the Graph menuandselectBoxplot. In the dialog box thatappearstype C4 (i.e.

Workers)for Y andC2 (i.e. Year)for X onthefirst line of the Graph Variables table;leave

the otherlinesof thetableblank. Click onthe 57 next to Frame nearthebottomof the screen,
selectMultiple Graphs from themenuthatappearsandselectOverlay graphson samepage
in thedialogbox you get. Click Ok in this dialogbox andthenclick Ok in the Boxplot dialog

boxto seetheresult.

You maywishto maximizethe sizeof this plot alsoonceit is made.

Question#5: The medianin eachboxplotrepresenthe mediannumberof workersemplo/edin thatyear
Imaginea smoothcurve dravn throughall the medianlines; this betterrepresentshe trendthana straight
line. Sketchthatcurwe in the spacebelow.



Question#6: Describethe 10 boxplotsyou obtained. Doesthe variability change over the years(look at
thelQR’s)? Are all theboxplotssymmetric?s thereskewing? Are thereoutliers?Do ary of thesefeatures
changeovertheyears?

Question#7: Review thetime seriesplot you madeandthe boxplotplot. From 1990-1992escribewhat
happengo the numberof workers.

& Question#8: When Bill Clinton wasrunning for presidentin 1992againstincumbent GeorgeBush
(SR.), his principal political consultant JamesCarville had the slogan‘“It’ s the economy stupid!”
postedon his office wall. Explain what Carville meant, usingevidencefromyour MINITAB analysis

We aredonewith this example.Underthe File menuselectRestart Minitab . Do notsase ary changes.



Examplell

My Mom alwaystold me thatnormalbody temperaturés 98.6F (37°C). Supposehatyou were ableto
take measuremenisf your bodytemperaturevery 20 minutesfor 24 hours.

Question#9: Onthegraphbelov drav whatyou would guesdo bethetrendandcycle, if ary, for thetime
seriesof your bodytemperature.

98.6°F A

12 noon 6 pm 12midnight  6am 12 noon

Thedatafilet enp. dat containscorebodytemperatureeadingdor a 28 yearold healthyfemaleobtained
every 20 minutesfor approximatelys days. The temperaturegeadingsarein °C. Therearea total of 352
obserations(3 readings/hi 24 hours/day 5 days= 360readings) Sincethereare3 readingf tempera-
ture/hrevery 72 measuremeni@x24=72)correspondso 1 day Thesedatawereobtainedaspartof a study
of biological rhythmsat the University of Pittshurgh MedicalSchool.

In M NI TAB, pull down the File menu,andselectOpenWorksheet Choosé enp. dat andclick open
NamecolumnC1“CTEMP”. Make atime seriesplot of CTEMP asfollows:

Pull down the Graph menu,andselectTime SeriesPlot. In the dialog box thatapperstype
C1lin thefirst row of the Graph Variablestable(lease the otherrows blank). SelectClock to
theright of the Graph Variablestable,click on theword next to Clock, andselectDay Hour

Minute fromthelist. At thebottomof thedialogbox selectOptions, andanew dialogboxwill

appear In thefirst row of the Start Time tabletype 1 for Day, 0 for Hour andO for Minute.
Underthe headingAssignmentof Time to Data:

e Thelongboxtotheright of Day shouldbeempty andthe Shaw boxto thefarright should
bechecled.

e Thelongboxto theright of Hour shouldbeempty andthe Showv box next to it shouldbe
unchecled.

¢ Inthelongboxto theright of Minute, type0:59/20(sothatMINITAB knows thatthereis
ameasuremeravery 20 minutesof eachhour),andmale surethe Show boxis unchecled
also.

Now click on Ok in the Options dialogboxandOk in the Time SeriesPlot dialogbox, to see
thetime seriesplotted.

The plot beginsat Noon on the first day.




Question#10: Draw aroughsketchof thetime seriesof bodytemperature.

& Question#11: Describethe featuresof the time seriesplot of body temperature. (Is there a trend?
What is the cycle? Are there small-scaldluctuationsor changingvariability?) Could you seefrom the
plot approximately wherethe 5 daysare, if the labelson the z-axis were missing?




Question#12: Readingfrom the plot, whatarethe approximatanaximumandminimumvaluesof temper
aturein °C. Whatis therangeof temperaturealues?

Question#13: Whatarethe meanandstandardieviation of the series?

Question#14: Make a boxplotof thedistribution of temperatureDescribethe distribution. Canyou detect
from the boxplottheimportantfeaturesof thetime serieshatyou describedn Questior#11?Why or why
not?

The valuesof “CTEMP” aregivenin °C. It might be usefulin orderto help usinterpretthesedatamore
easilyto transform(or recodeYhedatato °F. Themathematicalelationshifbetweer? C and°F is asfollows.
If CTEMPis atemperatur@aluein °C thenthe correspondingemperaturén °F, call it FTEMR is

FTEMP=1.8<CTEMP+ 32

To transformthe valuesof “CTEMP” from °C to °F, let’s createthis new variable. To do this,
pull down the Calc menu,andselectMathematical Expressions TypeC2in theVariable box
atthetop,andtypel. 8*cl + 32 in thelarge Expressionsbox. Thenclick on Ok. Name
thenew variablein C2“FTEMP”.



& Question#15: Make a time seriesplot of the temperature data in °F using the variable FTEMP,
just asyou did for CTEMP for Question#11. Ar e the featuresof this time seriesplot different than
the featuresyou describedin Question#11whenthe data werein °C?

Question#16: Whatarethe meanandstandardieviation of the FTEMP series?

Question#17: Givenwhatyou expectedo bethetime seriesof temperatur¢hatyou describedn Question
#10,areyou surprisedoy the actualtime seriesobsered?Comment.

We aredonewith this example.UnderFile, chooseCloseDatafile. Don't save changes.
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