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36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab #15

Analysisof Infant Mortality in 19th Century Sweden

Objectives:

1. Touseyourstatisticalanddataanalyticexpertiseto answersubstantive researchquestionsaboutadata
setof historicalinterest.Specifically, you will useexploratorymethods(e.g.,boxplots,scatterplots,
andnumericalsummaries)andmoreformal procedures(e.g.,confidenceintervals and � -values)to
investigaterelationshipsin adataset.

2. To applythegeneraldata-analysisapproach,which involvesthefollowing threemainsteps:(1) iden-
tifying thequestion,(2) analyzingthedata,and(3) drawing conclusionsfrom thedata.

Getting Started: For today’s lab you will needto copy onedatafile usingthefileserver. Thedatafile is a
specialMinitab formattedfile calledInfMort.MTW. Getthefile now.

Statistical Review

Recallthatin any dataanalysisproblemyoushouldfirst identify whichvariableis theresponsevariable
andwhich is theexplanatoryvariable. Thenyou needto identify whethereachvariableis quantitative or
categorical.Thefollowing tablesummarizesthemethodsyou couldusein eachcase.Youshouldreferto it
asneededasyoudo thelab.

Variables Methods

Response(Y) Explanatory(X) Exploratory Formal Null Hypothesis

Quantitative Categorical Boxplots; CI for ���������
(2 categories) numericalsummary Two Sample 	 -test 
���
����������

Categorical Categorical Two-WayTable; Std.Residuals

Conditionalprob Chi-SquareTest 
 � : No Association

betweenY andX

Quantitative Quantitative Scatterplot; RegressionAnalysis 
�� : No Association

Correlation betweenY andX

or 
�� : Correlation= 0
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GeneralData-AnalysisApproach— A Review

Earlierin thesemesterwediscussedageneralapproachto attackingdataanalysisproblemsin Statistics.
Thisapproachhasthreemainsteps:

1. Identify the Question

2. Analyze the Data

3. Draw Conclusionsfrom the Data

Thesemain stepsare all importantpartsof a thoroughdataanalysis,and eachone may requirethe
completionof a seriesof sub-steps.For example,the first main stepIdentify the Question involves the
following sub-steps:describetheproblem,statethequestionin yourown words,checkthedataformat,and
reflecton thestudydesign.Keepin mind thateachsub-stepmay, in turn,requireseveral“sub-sub-steps”to
becompleted.

Foragivendata-analysisproblem,thewayastepis performedmaybedifferent,but thegeneralsequence
of stepsis the same. This sequencecanbe viewed asa generaltemplatefor how to solve dataanalysis
problems.Theoutlinebelow shows themainstepsandtheir sub-steps.You shouldalwaysconsiderthese
whensolvingadata-analysisproblem.

1. Identify the Question

A. Describethe problem

B. Statethe question(s)

C. Check the data format

D. Reflecton the study design

2. Analyze the Data

A. Identify the relevant variables

B. Determine the appropriate analysis

C. Conduct the analysis

D. Interpret the results

E. Considerwhether additional analysesare necessary

3. Draw Conclusionsfrom the Data

A. Re-statethe question(s)

B. Answer the question(s)basedon analyses.

C. Evaluate the strengthsand weaknesses

This week’s lab is structuredaccordingto theabove outlinetemplate.In fact,theabove stepsandsub-
stepsappearin boldasheadingsin this lab handoutto structurethematerial.Youwill notice,however, that
thedetailsundereachheadingarespecificto thedatasetyou areanalyzing.This organizationis designed
to helpyouseewhatis commonacrossdifferentstatisticsproblemsaswell ashow thedetailscanvary.
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1. Identify the Question

1A. Describethe problem

A commonmeasureof healthandquality-of-life of a societyis the infant mortality rate. The infant
mortalityrateis thenumberof infantswhodiewithin thefirst yearof life dividedby thetotalnumberof live
births. It is generallybelievedthatthelower theinfantmortality ratethebetterthehealthandquality-of-life
of a society. For example,the infantmortality ratein theUnitedStatesin 1988was1% (10 per1000live
births).

ProfessorKatherineLynchfrom theCMU History Departmentis anhistoricaldemographerwho is in-
terestedin studyingchangesin the infant mortality ratein Sweden,during the 19thcentury(1800-1899).
During this periodtheinfantmortality ratein Swedendroppedfrom 21%to 10%. Whatfactorsarerelated
to thischange?Swedenwasmoving from anagriculturalsocietyto amoreindustrializedsocietyduringthis
period.Couldthishavebeenafactor?Did familiesontheaveragechangetheir reproductive patternsduring
this period(e.g.,have more/fewer babies,have their babiesearlier/laterin life, allow more/lesstime to pass
betweenbirths)?Whatfactorsarerelatedto theinfantmortality rate?

All of thesequestionsareof interestto ProfessorLynch.Thedatacomefrom excellentrecordsof births
anddeathsin Swedenkeptby parishpriestsfor all individualsliving in theirparish.(A parishis ageograph-
ical unit likeacounty.) Ourdatasetis arandomsampleof size ��������� of familiesfrom amuchlargerdata
set.Hereweareinterestedin theinfantmortality rateof anindividual family, whichwewill call FIMR. For
example,if a family hasa totalof 5 livebirthsand2 of thesechildrendiedduringtheirfirst year, thefamily
infantmortality rateis 2/5=40%.

1B. Statethe question(s)

Todayyouwill analyzedatato answerthefollowing questions:(I) Doesourmeasureof infantmortality
show achangeduringthe1800s?and(II) Is thereachangein family occupationsduringthe1800s?

1C. Check the data format

UseOpenWorksheetto readthedatafrom thespecialformattedMinitab file InfMort.MTW.
Thefollowing is a list of thevariablesin ourdataset.

VariableName Description

FIMR Estimateof thefamily infantmortality rate
MOM .AGE Mother’s ageatbirth of first child
NUM .KIDS Totalnumberof live birthsin thefamily
AVG.BINTV Theaveragenumberof monthsbetweenlive births
YR.B1 Theyearin which thefirst birth occurred
DECADE.B1 Thedecadein which thefirst birth occurred.

(1 � 1810-1819,2 � 1820-1829,etc.)
PRE.1850 First birth occurredbefore1850(1800-1849)or after(1850-1899)

(1 � 1800-1849,2 � 1850-1899)
WORKER Family’s workingclass:Farmeror Other

(1 � Farmer, 2 � Other)
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Question#1: Fromthedataworksheetfill in theblanksbelow for thefirst case(family).

Whatwastheinfantmortality ratefor this family?
How old wasthemotherat thebirth of herfirst child?
How many childrenwerebornto this family?
Whatwastheaveragenumberof monthsbetweenbirths?
Whatyearwasthefirst child bornin?
Whatwasthefamily’s workingclass?

1D. Reflecton the study design

Question#2: Is thisanexperimentor anobservationalstudy?Explainwhy.

2. Analyze the Data

I . DOES OUR MEASURE OF INFANT MORTALITY CHANGE DURING THE 1800S?

2A. Identify the relevant variables

To assesswhetherinfant mortality changedduring the 1800s,we will examinethe relationshipbetween
YR.B1 andFIMR.

2B. Determinethe appropriate analysis

Question#3:

� Is YR.B1 anexplanatoryvariableor a response?Is it qualitative or quantitative?

� Is FIMR anexplanatoryvariableor a response?Is it qualitative or quantitative?

Question#4: Given your answersabove, what type of plot or tableis mostappropriate(choose:scatter
plot, side-by-sideboxplots,contingency table,etc.)?

2C. Conduct the analysis

Producetheappropriateplot.
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2D. Interpret the results

�
Question#5: Describethe relationshipbetweenFIMR andtheyearin which themotherhadherfirst

child, YR.B1.

Question#6: To get a betterideaof the relationshipdescribedabove, usethe lowessfunction, i.e., ex-
ploratoryregressionanalysis,to describethetime trendfor theFIMR. (Click DisplayandchooseLowess.)
Whatdoesthisshow?

2E. Considerwhether additional analysesare necessary

Besidesbeinginterestedin theabove analyses,ProfessorLynchbelievesthat therewasa changein FIMR
frompre-1850topost-1850.Thatis,shehypothesizes��� �"!$#&%('*),+�����.-0/213#&%('*) or, alternatively, ��� �"!4#&%('*)5�
� ��-"/213#&%('*) +�6� .
Below, wewill performadditionalanalysesto addressthisspecifically.

Question#7: Write down ProfessorLynch’s null hypothesisandheralternative hypothesis.

AddressingthishypothesisinvolvesexaminingtherelationshipbetweenPRE.1850 andFIMR.

Question#8:

� Is PRE.1850 anexplanatoryvariableor a response?Is it qualitative or quantitative?

� Is FIMR anexplanatoryvariableor a response?Is it qualitative or quantitative?

Question#9: Given your answersabove, what type of plot or tableis mostappropriate(choose:scatter
plot, side-by-sideboxplots,contingency table,etc.)?
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Question#10: ThevariablePRE.1850 is acategoricalvariableindicatingwhetherthefirst birth waspreor
post1850.Usingboxplots,comparethedistribution of FIMR before1850to thedistribution after1850.

Question#11: Now, wewouldlike to find a95%confidenceinterval for thedifferencebetweentheaverage
FIMR pre-1850versuspost-1850,i.e., ��� �"!$#&%('*)7�8����-"/913#&%('*):+�;� . FromtheStat menu,selecttheBasic
Statisticssub-menu,andchoose2-samplet. Write down theinterval for thedifferencein theFIMR rates.

Question#12: Interpretthe interval in the above question. Doesit meanthat the infant mortality rates
beforeandafter1850werethesameor different?Explain.

�
Question#13: To test ProfessorLynch’s hypothesis,find the � -value for this test. Is therestrong

evidenceagainstthenull hypothesis?

2F. Summarizeanalysesproducedthus far

Question#14: Summarizethe resultsof your analysesregardingquestionI: Doesour measureof infant
mortalityshow a changeduringthe1800s?
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I I . IS THERE A CHANGE IN FAMILY OCCUPATIONS DURING THE 1800S?

2A. Identify the relevant variables

It is believed thatduring the latterpartof the1800’s Swedenmoved from anagriculturalto an indus-
trializedsociety. As such,a smallerproportionof familiesshouldbeclassifiedasfarmersafter1850than
before1850.Wewould like to testthis.

Question#15: Which two variablesin thisdatasetarerelevantto thisquestion?

2B. Determinethe appropriate analysis

Question#16:

� Is PRE.1850 anexplanatoryvariableor a response?Is it qualitative or quantitative?

� Is WORKER anexplanatoryvariableor a response?Is it qualitative or quantitative?

Question#17: Givenyour answersabove, what typeof plot or tableis mostappropriate(choose:scatter
plot, side-by-sideboxplots,contingency table,etc.)?

2C. Conduct the analysis

FromtheStat menu,selecttheTablessub-menu,andchooseCrossTabulation. Theexplanatoryvariable
is enteredfirst andwill betherow variable.Entertheresponsevariablenext andit will appearasthecolumn
variablein your table.Select“Row percents”and“Counts”. Also check“Chisquareanalysis.”

2D. Interpret the results

�
Question#18: Basedon therow percentsdoesit appearasif theproportionof farmershasdecreased

after1850?Explain.

2E. Considerwhether additional analysesare necessary

In additionto theexploratoryanalysisabove, we canperformtherelevant formal procedureto testthe
relationshipbetweenWORKER andPRE.1850. Becausebothof thesevariablesarecategorical,achi-square
testis appropriate.

7



Question#19: In words,statethenull andalternative hypothesisof interest.

Question#20: Write down the valueof “Chi-square”from your table. We needto find the p-valuethat
correspondsto your Chi-squarevalue. Recallthat if < ��=?>A@CBED thenthe � �,FHGAIKJML7N @ ��� . Otherwisethe� �OFHGAIPJQLSR @ ��� . Whatis thep-valuein thisexample?Is therestrongevidenceagainstthenull hypothesis?
Explain.

2F. Summarizeanalysesproducedthus far

Question#21: Summarizethe resultsof your analysesregardingquestionII: Is therea changein family
occupationsduringthe1800s?

3. Draw Conclusionsfrom the Data

3A. Re-statethe Question(s)

(I) Doesour measureof infant mortality show a changeduring the 1800s?and(II) Is therea changein
family occupationsduringthe1800s?

3B. Answer the Question(s)Basedon Analyses

Question#22: Givenall theanalysesabove,how wouldyouanswereachquestion:

(I) Doesourmeasureof infantmortalityshow achangeduringthe1800s?

(II) Is thereachangein family occupationsduringthe1800s?
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�
Question#23: Fromyour interpretationof theabove results,wouldyouconcludethatit wastheindus-

trializationof Swedenafter1850thatcausedthedecreasein infantmortality?Why or why not?

3C. EvaluateStrengthsand Weaknesses

Question#24: Nameonealternative hypothesisfor why infantmortality decreasedin Swedenduringthe
1800s.Chooseahypothesisthatyoucouldtestusingthecurrentdataset.

If you have time, take a look at the relationshipbetweenFIMR andAVG.BINTV. You alsomight like to
exploretherelationshipbetweenFIMR andsomeof theothervariablesin thedataset.

Rememberto deletefilesandfolders thatyoumighthavecreated.
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