Lecture 19

1. Plotting longitudinal data

2. Longitudinal data: long form and wide form
3. Reshaping data from wide to long

4. Reshaping data from long to wide

5. Proc Transpose

Longitudinal data

When people or experimental units are measured more than once over time, we

have longitudinal data, also called repeated measures or time series data.

Family economics data: total family income, expenditures, debt status for 50

families in two groups (A and B), annual records from 1990-1995.

Records for family 1. One observation for each year.

family_
Obs id income year expenses debt group
1 1 66483 1990 49804 no A
2 1 69146 1991 65634 no A
3 1 74643 1992 61820 no A
4 1 79783 1993 68387 no A
5 1 81710 1994 85504 yes A
6 1 86143 1995 75640 no A



Plotting longitudinal data

Want to plot the income against year for each family:

X = year y = income need year and income as variables.
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family_
Obs id income year expenses debt group
1 1 66483 1990 49804 no A
2 1 69146 1991 65634 no A
3 1 74643 1992 61820 no A
4 1 79783 1993 68387 no A
5 1 81710 1994 85504 yes A
6 1 86143 1995 75640 no A
7 2 17510 1990 21609 yes B
8 2 19484 1992 18180 no B
9 2 20979 1993 22985 yes B
10 2 21268 1994 11097 no B
11 2 22998 1995 21768 no B

Proc SGplot data=a;
series x=year y=income / group =family_id

LineAttrs= (pattern=1 color="black");

series — draws a line connecting sequential observations

LineAttrs — draw solid, black lines
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Often called “spaghetti plot.”

Without specifying color="black":
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Without specifying (pattern=1 color="black"):
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Families are in 2 groups, A or B.
To get separate plots for each group, we must group by family id within each group.

SGplot allows only one grouping variable.

Proc SGpanel data=a; produces multiple plots on one page
PanelBy group / columns=2;
series x=year y=income / group =family_id

LineAttrs= (pattern=1 color="black");

Note: SGplot and SGpanel do not need ODS graphics on/off commands.



SGpanel plots by group:
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Long form and wide form

Multiple measurements per subject can be displayed in 2 ways:

Long form: multiple observations per subject,
one measurement (income) in each observation,

with variables identifying subject ID and observation number (year)

family_

Obs id income year
1 1 66483 1990
2 1 69146 1991
3 1 74643 1992
4 1 79783 1993
5 1 81710 1994
6 1 86143 1995
7 2 17510 1990
8 2 19484 1992
9 2 20979 1993

10 2 21268 1994
11 2 22998 1995



Wide form: one observation per subject,
all measurements (income) in one observation,
with variables identifying subject ID,

and observation number (year) encoded in variable name

family_ income_ income_ income_ income_ income_ income_

Obs id 1990 1991 1992 1993 1994 1995
1 1 66483 69146 74643 79783 81710 86143
2 2 17510 . 19484 20979 21268 22998
3 3 57947 62964 68717 70957 75198 75722
4 4 64831 71060 71918 72514 73100 74379
5 5 18904 19949 21335 22237 23829 23913
6 6 32057 34770 35834 37387 40899 42372
7 7 60551 64869 67983 70498 71253 75177
8 8 16553 18189 18349 19815 21739 22980
9 9 32611 33465 35961 36416 37183 40627
10 10 61379 66002 67936 70513 74405 76009
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Long form. Required for graphing and analysis procedures

Wide form. All measurements from a subject are available for computation because

they are all in the same row:
find subject’s maximum value, course average, area under the curve (AUC), etc.

Usual format in spreadsheets.

Often necessary to reshape data: wide — long, or long — wide
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family_
Obs id
1 1
2 2
3 3

Reshaping data from wide to long

income_
1990
66483
17510
57947

income_
1991
69146

62964

income_ income_

1992 1993
74643 79783
19484 20979
68717 70957

income_
1994
81710
21268
75198

Make several observations from each one (LSB3 §6.12, LSB4 §6.10)

data long;

set wide;

array inc[6] income_1990 - income_1995;

do j =1 to 6;

income

inc[j];

year = j + 1989;

output;

end;

keep family_id income year;

Result:
family_

Obs id
1 1
2 1
3 1
4 1
5 1
6 1
7 2
8 2
9 2
10 2

income

66483
69146
74643
79783
81710
86143
17510

19484
20979

year
1990
1991
1992
1993
1994
1995
1990
1991
1992
1993
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income_
1995
86143
22998
75722

With additional arrays, add annual measurements of expenditure, debt status.
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Reshaping data from long to wide

income

66483
69146
74643
79783
81710
86143

year
1990
1991
1992
1993
1994
1995

¢ Need to RETAIN values of income

e make income 199x variables

* start over with each family

* output one observation per family

proc sort data=long;

by family_id year;

data wide2;
set long;

by family_id ;
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to get first.family-1D and last.family-I1D

array inc[6] income_ 1990 - income_1995;

retain

if (first.family_id=1) then do j

inc[j] = . ;

end;

income_1990 - income_1995;

1 to 6;

start all income variables at missing

16



if year=1990 then income_1990=income;
if year=1991 then income_1991=income;
if year=1992 then income_1992=income;
if year=1993 then income_1993=income;
if year=1994 then income_1994=income;

if year=1995 then income_1995=income;

if (last.family_id=1) then output;
keep family_id income_1990 - income_1995;

family_ income_ income_ income_ income_ income_ income_
Obs id 1990 1991 1992 1993 1994 1995
1 1 66483 69146 74643 79783 81710 86143
2 17510 . 19484 20979 21268 22998
3 3 57947 62964 68717 70957 75198 75722
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Proc Transpose: reshaping data from long to wide

family_
Obs id income year
1 1 66483 1990
2 1 69146 1991
3 1 74643 1992
4 1 79783 1993
5 1 81710 1994
6 1 86143 1995

Proc Transpose (LSB4 §6.14) performs these steps:

e make income_199x variables

e output one observation per family
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This is the goal:

family_ income_ income_ income_ income_ income_ income_

Obs id 1990 1991 1992 1993 1994 1995
1 1 66483 69146 74643 79783 81710 86143

2 2 17510 . 19484 20979 21268 22998

Proc Transpose data=long out=wide3 prefix =income_ ;
ID year;
VAR income;

BY family_id;

ID contains names of variables in output data (wide)

prefix option makes variable-name “stem”—no quotes
VAR repeated measurements (will be transposed)

BY subject identifier: one observation for each level of BY variable(s)
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family_ income_ income_ 1income_ income_ income_ income_

Obs id _NAME _ 1990 1991 1992 1993 1994 1995
1 1 income 66483 69146 74643 79783 81710 86143
2 2 income 17510 . 19484 20979 21268 22998
3 3 income 57947 62964 68717 70957 75198 75722
4 4 income 64831 71060 71918 72514 73100 74379
5 5 income 18904 19949 21335 22237 23829 23913
6 6 income 32057 34770 35834 37387 40899 42372
7 7 income 60551 64869 67983 70498 71253 75177
8 8 income 16553 18189 18349 19815 21739 22980
9 9 income 32611 33465 35961 36416 37183 40627
10 10 income 61379 66002 67936 70513 74405 76009
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Proc Transpose is complicated and things can go wrong in unexpected ways.

Proc Print the result and check carefully that numbers are in the right places.

References (download from course website):
LSB4 §6.14
Zirbel (2009) Learn the Basics of Proc Transpose

Tilanus (2007) Turning the data around: Proc Transpose
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Proc Transpose with more than one measurement

family_

Obs id income year expenses debt group
1 1 66483 1990 49804 no A
2 1 69146 1991 65634 no A
3 1 74643 1992 61820 no A
4 1 79783 1993 68387 no A
5 1 81710 1994 85504 yes A
6 1 86143 1995 75640 no A
7 2 17510 1990 21609 yes B
8 2 19484 1992 18180 no B
9 2 20979 1993 22985 yes B

10 2 21268 1994 11097 no B
11 2 22998 1995 21768 no B

To transpose values of income, expenses, and debt:

Make 3 long datasets, one for each variable, and merge.
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Proc Transpose data=a out=income

ID year;

VAR income

)

BY family_id;

Proc Transpose data=a out=expenses

ID year;

VAR expenses ;

BY family_id;

Proc Transpose data=a out=debt

ID year;
VAR debt

BY family_id;

data wide4;

merge income expenses debt;

_NAME_

debt
debt

expense_
1990

49804
21609

debt _
1990

no

by family_id;
family_
Obs id
1 1
2 2
income_
Obs 1995
1 86143
2 22998
expense_
Obs 1995
1 75640
2 21768

yes

prefix=debt_ ;
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income_ income_
1990 1991
66483 69146
17510
expense_ expense_
1991 1992
65634 61820
18180
debt _ debt _ debt
1991 1992 1993
no no no
no yes
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income_ i
1992

74643
19484

expense_
1993

68387
22985

debt _
1994

yes
no

prefix=income_ ;

prefix=expense_ ;

ncome _
1993

79783 8
20979 2

expense_
1994

85504
11097

debt _
1995

no
no

income_

1994

1710
1268



