What are some examples of Ordinal
Logistic Regression data analysis
in R?

Authored by
stats writer

June 29, 2024

RECOMMENDED CITATION

stats writer (2024). What are some examples of Ordinal Logistic Regression data analysis in
R?. PSYCHOLOGICAL SCALES. Retrieved from
https://scales.arabpsychology.com/?p=157852

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=157852
https://scales.arabpsychology.com/?p=157852
https://scales.arabpsychology.com/?p=157852
https://scales.arabpsychology.com/?p=157852
https://scales.arabpsychology.com
https://scales.arabpsychology.com

What are some examples of Ordinal Logistic Regression data analysis in R?

Ordinal Logistic Regression is a statistical technique used to analyze and model categorical data
with ordered categories. In R, this method can be applied to a variety of data sets, including but not
limited to:

1. Survey data: Ordinal Logistic Regression can be used to analyze survey responses with ordinal
scales, such as "strongly agree”, "agree”, "neutral”, "disagree", and "strongly disagree". This can
help identify factors that influence the likelihood of a certain response.

2. Marketing data: This method can be used to analyze consumer behavior data, such as product
ratings or satisfaction levels on a scale. This can help determine the factors that influence
customer preferences and buying decisions.

3. Education data: Ordinal Logistic Regression can be applied to educational data, such as student
grades on a scale or performance ratings. This can help identify the factors that affect academic
success.

4. Health data: This technique can be used to analyze health-related data, such as patient
satisfaction levels or severity of symptoms on a scale. This can help identify the factors that
influence health outcomes.

Overall, Ordinal Logistic Regression is a versatile tool for analyzing and understanding data with
ordered categories in various fields, providing insights into the relationships and patterns among
variables.

Ordinal Logistic Regression | R Data Analysis Examples

Introduction

Preparation

Make sure that you can load the following packages
before trying to run the examples on this page. If you do
not have

a package installed, run: instaii.packages("packagename’), OF If
you see the version is out of date, run: update. packages().
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require(foreign)require(ggplot2)require(MASS)require(H
misc)require(reshape?)

Version info: Code for this page was tested in R version 3.1.1 (2014-07-10)

On: 2014-08-21

Wth: reshape2 1.4; Hmsc 3.14-4; Formula 1.1-2; survival 2.37-7; lattice
0.20-29; MASS 7.3-33; ggplot2 1.0.0; foreign 0.8-61; knitr 1.6

Please note: The purpose of this page is to show how to
use various data

analysis commands. It does not cover all aspects of the
research process which

researchers are expected to do. In particular, it does not
cover data

cleaning and checking, verification of assumptions,
model diagnostics or

potential follow-up analyses.

Examples of ordinal logistic regression

Example 1. A marketing research firm wants to
investigate what factors influence the size of soda
(small, medium, large or

extra large) that people order at a fast-food chain. These
factors may include what type of sandwich is ordered
(burger or chicken), whether or not fries are also
ordered, and age of the consumer. While the outcome
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variable, size of soda, is obviously ordered, the
difference between the various sizes is not consistent.
The difference between small and medium is 10 ounces,
between medium and large 8, and between large and
extra large 12.

Example 2: A researcher is interested in what factors
influence medaling in Olympic swimming. Relevant
predictors include at training hours, diet, age, and
popularity of swimming in the athlete's home country.
The researcher believes that the distance between gold
and silver is larger than the distance between silver and
bronze.

Example 3: A study looks at factors that influence the
decision of whether to apply to graduate school.
College juniors are asked if they are

unlikely, somewhat likely, or very likely to apply to
graduate school.

Hence, our outcome variable has three categories. Data
on parental educational status, whether the
undergraduate institution is

public or private, and current GPA is also collected. The
researchers have reason to believe that the "distances”
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between these three

points are not equal. For example, the "distance"
between "unlikely" and "somewhat likely" may be
shorter than the distance between "somewhat likely"
and "very likely".

Description of the Data

For our data analysis below, we are going to expand on
Example 3 about applying to graduate school. We have
simulated some data for this

example and it can be obtained from our website:

dat<-
read.dta("https://stats.idre.ucla.edu/stat/data/ologit.dta"
)head(dat)

## apply pared public gpa
## 1 very likely 0 0 3.26

## 2 somewhat likely 1 0 3.21
## 3 unlikely 11 3.94

## 4 somewhat likely 0 0 2.81
## 5 somewhat likely 0 0 2.53
## 6 unlikely 0 1 2.59
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This hypothetical data set has a three level variable
called

apply, With levels "unlikely", "somewhat likely", and "very
likely", coded 1, 2, and 3, respectively, that we will use
as our outcome variable.

We also have three variables that we will use as
predictors: pared,

which is a 0/1 variable indicating whether at least one
parent has a graduate degree;

public, Which is a 0/1 variable where 1 indicates that the
undergraduate institution is public and O private, and

gpa, Which is the student's grade point average.

Let's start with the descriptive statistics of these

variables.

## one at a time, table apply, pared, and
publiclapply(dat, table)

#i# Sapply

HH#

## unlikely somewhat likely very likely
## 220 140 40

HH#

## $pared
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e

#01

## 337 63
e

## $public
HHt

#01

## 343 57

## three way cross tabs (xtabs) and flatten the
tableftable(xtabs(~public+tapply+pared,data= dat))

## pared 0 1

## public apply

## 0 unlikely 175 14

## somewhat likely 98 26
## very likely 20 10

## 1 unlikely 25 6

## somewhat likely 12 4
## very likely 7 3

summary(dat$gpa)

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=157852
https://scales.arabpsychology.com
https://scales.arabpsychology.com

What are some examples of Ordinal Logistic Regression data analysis in R?

## Min. 1st Qu. Median Mean 3rd Qu. Max.
## 1.90 2.72 2.99 3.00 3.27 4.00

sd(dat$gpa)

## 0.3979

We can also examine the distribution of g at every level
of appryand broken down by puiic and pared. This creates a
2 X 2grid

with a boxplot of gpa for every level of apply, for
particular values of pareds@and pusiic. TO better see the data,
we also add the raw data points on top of the box plots,
with a small amount of noise (often called "jitter") and
50% transparency so they do not overwhelm the
boxplots. Finally, in addition to the cells, we plot all of
the marginal relationships. The margins make the final
plot a 3 x 3 grid. In the

lower right hand corner, is the overall relationship
between appiy and gpa Which appears slightly positive. To
do this, we use the ggpiot2 package.

ggplot(dat,aes(x= apply,y=
gpa))+geom_boxplot(size=.75)+geom_jitter(alpha=.5)+fa

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=157852
https://scales.arabpsychology.com
https://scales.arabpsychology.com

What are some examples of Ordinal Logistic Regression data analysis in R?

cet_grid(pared~public,margins=TRUE)+theme(axis.text.
x=element_text(angle=45,hjust=1,vjust=1))

Analysis methods you might consider

Below is a list of some analysis methods you may have
encountered. Some of the methods listed are quite
reasonable while others have either
fallen out of favor or have limitations.

Ordered logistic regression

Below we use the poir command from the wss package to
estimate an ordered logistic regression model. The
command name comes from proportional odds logistic
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regression, highlighting the proportional odds
assumption in our model. poir uses the standard formula
interface in = for specifying a regression model with
outcome followed by predictors. We also specify ress=troEe
to have the model return the observed information
matrix from optimization (called the Hessian) which is
used to get standard errors.

Definitions

To understand how to interpret the coefficients, first
let's establish some notation and review the concepts
involved in ordinal logistic regression. Let $Y$ be an
ordinal outcome with $J$ categories. Then $P(Y le )$ is
the cumulative probability of $Y$ less than or equal to a
specific category $j = 1, cdots, J-1$. The odds of being
less than or equal a particular category can be defined
as

$$frac{P(Y le NHP(Y>))}1$$

for $j=1,cdots, J-1$ since $P(Y > J) = 0% and dividing by
zero is undefined. The log odds is also known as the
logit, so that

$$log frac{P(Y le )HP(Y>))} = logit (P(Y le |)).$$
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In R's poir the ordinal logistic regression model is
parameterized as

$$logit (P(Y le j)) = beta _{jO0} - eta_{1}x 1 - cdots -
eta_{p} x_p.$$

Then we can fit the following ordinal logistic regression
model:

## fit ordered logit model and store results 'm'm<-
polr(apply~pared+public+gpa,data= dat,Hess=TRUE)##
view a summary of the modelsummary(m)

## Call:

## polr(formula = apply ~ pared + public + gpa, data =
dat, Hess = TRUE)

S

## Coefficients:

## Value Std. Error t value

## pared 1.0477 0.266 3.942
## public -0.0588 0.298 -0.197
## gpa 0.6159 0.261 2.363

S

## Intercepts:

## Value Std. Error t value
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## unlikely|somewhat likely 2.204 0.780 2.827
## somewhat likely|very likely 4.299 0.804 5.345
Hit

## Residual Deviance: 717.02

## AIC: 727.02

The estimated model can be written as:

$$

begin{eqnarray}

logit (hat{P}(Y le 1)) & = & 2.20 - 1.05*PARED -
(-0.06)*PUBLIC - 0.616*GPA \

logit (hat{P}(Y le 2)) & = & 4.30 - 1.05*PARED -
(-0.06)*PUBLIC - 0.616*GPA

end{eqnarray}

$$

In the output above, we see

Some people are not satisfied without a p value. One
way to calculate a p-value in this case is by comparing
the t-value against the standard normal distribution, like
a z test. Of course this is only true with infinite degrees
of freedom, but is reasonably approximated by large
samples, becoming increasingly biased as sample size
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decreases. This approach is used in other software
packages such as stata and is trivial to do. First we store
the coefficient table, then calculate the p-values and
combine back with the table.

## store table(ctable<-coef(summary(m)))

## Value Std. Error t value

## pared 1.04769 0.2658 3.9418

## public -0.05879 0.2979 -0.1974

## gpa 0.61594 0.2606 2.3632

## unlikely|somewhat likely 2.20391 0.7795 2.8272
## somewhat likely|very likely 4.29936 0.8043 5.3453

Hit calculate and store P valuesp<-
pnorm(abs(ctable),lower.tail=FALSE)*2## combined
table(ctable<-cbind(ctable,"p value"= p))

## Value Std. Error t value p value

## pared 1.04769 0.2658 3.9418 8.087e-05

## public -0.05879 0.2979 -0.1974 8.435e-01

## gpa 0.61594 0.2606 2.3632 1.812e-02

## unlikely|somewhat likely 2.20391 0.7795 2.8272
4.696e-03
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## somewhat likely|very likely 4.29936 0.8043 5.3453
9.027e-08

We can also get confidence intervals for the parameter
estimates. These can be obtained either by profiling the
likelihood function or by using the standard errors and
assuming a normal distribution. Note that profiled Cls
are not symmetric (although they are usually close to
symmetric). If the 95% CI does not cross O, the
parameter estimate is statistically significant.

(ci<-confint(m))# default method gives profiled Cls

## Waiting for profiling to be done...

## 2.5 % 97.5 %

## pared 0.5282 1.5722
## public -0.6522 0.5191
## gpa 0.1076 1.1309

confint.default(m)# Cls assuming normality

##2.5%97.5%
## pared 0.5268 1.569
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## public -0.6426 0.525
## gpa 0.1051 1.127

The Cls for both pares and gpa do not include O; puniic does.
The estimates in the output are given in units of ordered
logits, or

ordered log odds. So for pared, we would say that for a
one unit increase in pared (i.€., going from 0 to 1), we
expect a 1.05increase in

the expected value of appiy 0N the log odds scale, given
all of the other variables in the model are held constant.
For gpa, we would say that for a one unit increase in gpa,
we would expect a 0.62 increase in the expected value
of appiy In the log odds scale, given that all of the other
variables in the model are held constant.

The coefficients from the model can be somewhat
difficult to interpret because they are scaled in terms of
logs. Another way to interpret logistic regression
models is to convert the coefficients into odds ratios.
To get the OR and confidence intervals, we just
exponentiate the estimates and confidence intervals.

## odds ratiosexp(coef(m))
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## pared public gpa
## 2.8511 0.9429 1.8514

## OR and Clexp(cbind(OR=coef(m), ci))

## OR 2.5 % 97.5 %

## pared 2.8511 1.6958 4.817
## public 0.9429 0.5209 1.681
## gpa 1.8514 1.1136 3.098

These coefficients are called proportional odds ratios
and we would interpret these pretty much as we would
odds ratios from a binary

logistic regression.

Interpreting the odds ratio

There are many equivalent interpretations of the odds
ratio based on how the probability is defined and the
direction of the odds. For a detailed justification, refer
to How do | interpret the coefficients in an ordinal
logistic regression in R? The (*) symbol below denotes
the easiest interpretation among the choices.
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Parental Education
School Type

GPA

Proportional odds assumption

One of the assumptions underlying ordinal logistic (and
ordinal probit) regression is that the relationship
between each pair of outcome groups is the same. In
other words, ordinal logistic regression assumes that
the coefficients that describe the relationship between,
say, the lowest versus all higher categories of the
response variable are the same as those that describe
the relationship between the next lowest category and
all higher categories, etc. This is called the proportional
odds assumption or the parallel regression assumption.
Because the relationship between all pairs of groups is
the same, there is only one set of coefficients.

If this was not the case, we would need different sets of
coefficients in the model to describe the relationship
between each pair of outcome groups. Thus, in order to
asses the appropriateness of our model, we need to
evaluate whether the proportional odds assumption is
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tenable. Statistical tests to do this are available in some
software packages. However, these tests have been
criticized for having a tendency to reject the null
hypothesis (that the sets of coefficients are the same),
and hence, indicate that there the parallel slopes
assumption does not hold, in cases where the
assumption does hold (see Harrell 2001 p. 335). We
were unable to locate a facility in R to perform any of
the tests commonly used to test the parallel slopes
assumption. However, Harrell does recommend a
graphical method for assessing the parallel

slopes assumption. The values displayed in this graph
are essentially (linear) predictions from a logit model,
used to model the probability that y is greater than or
equal to a given value (for each level of y), using one
predictor (x) variable at a time. In order create this
graph, you will need the wisc library.

The code below contains two commands (the first
command falls on multiple lines) and is used to create
this graph to test the proportional odds assumption.
Basically, we will graph predicted logits from individual
logistic regressions with a single predictor where the
outcome groups are defined by either apply >= 2 and
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apply >= 3. If the difference between predicted logits for
varying levels of a predictor, say pared, are the same
whether the outcome is defined by apply >= 2 or apply
>=3, then we can be confident that the proportional
odds assumption holds. In other words, if the difference
between logits for parea = 0 and pared = 1 IS the same when
the outcome is apply >= 2 as the difference when the
outcome is apply >= 3, then the proportional odds
assumption likely holds.

The first command creates the function that estimates
the values that will be graphed. The first line of this
command tells R that s+ is a function, and that this
function takes one argument, which we label y. The st
function will calculate the log odds of being greater
than or equal to each value of the target variable. For
our purposes, we would like the log odds of apply being
greater than or equal to 2, and then greater than or
equal to 3. Depending on the number of categories in
your dependent variable, and the coding of your
variables, you

may have to edit this function. Below the function is
configured for a y variable with three levels, 1, 2, 3. If
your dependent variable has 4 levels, labeled 1, 2, 3, 4
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you would need to add ' vs=4' =qi ogi s(rean(y >= 4)) (mMinus the
guotation marks) inside the first set of parentheses. If
your dependent variable were coded O, 1, 2 instead of 1,
2, 3, you would need to edit the code, replacing each
instance of 1 with 0, 2 with 1, and so on. Inside the st
function we find the qogis function, which transforms a
probability to a logit. So, we will basically feed
probabilities of apply being greater than 2 or 3 to giogis,
and it will return the logit transformations of these
probabilites. Inside the qogis function we see that we
want the log odds of the mean of y >- 2. When we supply
ay argument, such as appiy, to function st, y >= 2 will
evaluate to a 0/1 (FALSE/TRUE) vector, and taking the
mean of that vector will give you the proportion of or
probability that apply >= 2.

The second command below calls the function st on
several subsets of the data defined by the predictors. In
this statement we see the sumary function with a formula
supplied as the first argument. When R sees a call to
summary With a formula argument, it will calculate
descriptive statistics for the variable on the left side of
the formula by groups on the right side of the formula
and will return the results in a nice table. By default,
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sumary Will calculate the mean of the left side variable. So,
If we had used the code summary(as. numeric(apply) ~ pared + public +
gpa) Without the run argument, we would get means on
apply by pared, then by public, and finally by gpa
broken up into 4 equal groups. However, we can
override calculation of the mean by supplying our own
function, namely st to the run= argument. The final
command

asks R to return the contents to the object s, which is a
table.

sf<-function(y)
{c('Y>=1'=glogis(mean(y>=1)),'Y>=2'=glogis(mean(y>=2)
),'Y>=3'=qglogis(mean(y>=3)))}(s<-
with(dat,summary(as.numeric(apply)~pared+public+gpa
fun=sf)))

## as.numeric(apply) N=400

HH

HH +---m-- S S R SR S -
## || IN |Y>=1|Y>=2 |Y>=3 |

HH +---m-- S S R SR S -

## |pared [No |337|Inf |-0.37834/-2.441]
## | |Yes | 63|Inf | 0.76547|-1.347|
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HHt +--mmmm- . S— N S S S— S +

## |public |No |343|Inf |-0.20479|-2.345
## | |Yes | 57|Inf |-0.17589|-1.548|

HH +--mmm e S S AT YR S R +
## |gpa || 99|Inf | 0.06062|-1.804|

HH +--mmm e S S AT YR S R +
## |Overall| |[400]Inf |-0.20067|-2.197|

HH +--mmm e S S AT YR S R +

The table above displays the (linear) predicted values
we would get if we regressed our

dependent variable on our predictor variables one at a
time, without the

parallel slopes assumption. We can evaluate the parallel
slopes assumption by running

a series of binary logistic regressions with varying
cutpoints on the dependent variable and checking the
equality of coefficients across cutpoints. We thus relax
the parallel slopes assumption to checks its tenability.
To accomplish this, we transform the original, ordinal,
dependent variable into a new, binary, dependent
variable which is equal to zero if the original, ordinal
dependent variable (here appiy) IS less than some value a,
and 1 if the
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ordinal variable is greater than or equal to a (note, this
Is what the ordinal

regression model coefficients represent as well). This is
done for k-1 levels of

the ordinal variable and is executed by the as. nuneric(appl y)
>= a coding below. The first line of code estimates the
effect of parea ON choosing "unlikely" applying versus
"somewhat likely" or "very likely". The second line of
code estimates the effect of parea 0N choosing "unlikely"
or "somewhat likely" applying versus "very likely"
applying.

Looking at the intercept for this model (-0.3783), we see
that it matches the

predicted value in the cell for parea equal to "no" in the
column for Y>=1, the value below it, for

pared €qUals "yes" is equal to the intercept plus the
coefficient for

pared (i.€.-0.3783 + 1.1438 = 0.765).

glm(l(as.numeric(apply)>=2)~pared,family="binomial",d
ata= dat)

HH#
## Call: glm(formula = I(as.numeric(apply) >= 2) ~ pared,
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family = "binomial”,

## data = dat)

H#

## Coefficients:

## (Intercept) pared

## -0.378 1.144

H#

## Degrees of Freedom: 399 Total (i.e. Null); 398
Residual

## Null Deviance: 551

## Residual Deviance: 534 AIC: 538

glm(l(as.numeric(apply)>=3)~pared,family="binomial",d
ata= dat)

s

## Call: glm(formula = I(as.numeric(apply) >= 3) ~ pared,
family ="binomial”,

## data = dat)

s

## Coefficients:

## (Intercept) pared

##-2.44 1.09

s
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## Degrees of Freedom: 399 Total (i.e. Null); 398
Residual

## Null Deviance: 260

## Residual Deviance: 252 AIC: 256

We can use the values in this table to help us assess
whether

the proportional odds assumption is reasonable for our
model. (Note,

the table is reproduced below, as well as above.) For
example, when pared IS

equal to "no" the difference between the predicted
value for apply greater than or equal to

two and apply greater than or equal to three is roughly 2
(-0.378 - -2.440 = 2.062).

For parea equal to "yes" the difference in predicted values
for apply greater

than or equal to two and apply greater than or equal to
three is also roughly 2 (0.765 - -1.347 = 2.112).

This suggests that the parallel slopes assumption is
reasonable (these differences are what graph below are
plotting). Turning our attention to the predictions with
public

as a predictor variable, we see that when puwiic IS Set to
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"no" the difference in

predictions for apply greater than or equal to two,
versus apply greater than or equal to

three is about 2.14 (-0.204 - -2.345 = 2.141). When puwiic iS
set to "yes”

the difference between the coefficients is about 1.37
(-0.175 - -1.547 = 1.372). The

differences in the distance between the two sets of
coefficients (2.14 vs. 1.37) may suggest

that the parallel slopes assumption does not hold for
the predictor puniic. That

would indicate that the effect of attending a public
versus private school is different for

the transition from "unlikely" to "somewhat likely" and
"somewhat likely" to "very likely."

The plot command below tells R that the object we wish
to plotis s. The command

which=1:3 1S @ list of values indicating levels of y should be
included in

the plot. If your dependent variable had more than three
levels you would need

to change the 3 to the number of categories (e.g., 4 for a
four category
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variable, even if it is numbered O, 1, 2, 3). The command
pch=1:3 Selects

the markers to use, and is optional, as are xiab="1ogit’
which labels the

x-axis, and min= + Which sets the main label for the
graph to blank.

If the proportional odds assumption holds, for each
predictor variable,

distance between the symbols for each set of
categories of the dependent

variable, should remain similar. To help demonstrate
this, we normalized all the first

set of coefficients to be zero so there is a common
reference point. Looking

at the coefficients for the variable parea We see that the
distance between the

two sets of coefficients is similar. In contrast, the
distances

between the estimates for puniic are different (i.e., the
markers are much

further apart on the second line than on the first),
suggesting that the proportional

odds assumption may not hold.
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S<-S-SS<-S-SS# print

## as.numeric(apply) N=400

HH

HH +---mme- S A e IR T +
## | | [N |Y>=1]Y>=2|Y>=3 |

HH +---mme- S A e IR T +

## |pared |No |337]|Inf |0 |-2.062|

## | |Yes | 63|Inf |0 |-2.113|

H# +--mmmm- L n—— s +
## |public |[No |343|Inf |0 [-2.140]|

## | |Yes | 57|Inf |0 |-1.372|

H# +-mmmmmm S A R TR T +
## |gpa || 99|Inf |0 |-1.864|

H# +-mmmmmm S e IR T +
## |Overall| |400]Inf [0 |-1.997]

H# +-mmmmme R e IR T +

plot(s,which=1:3,pch=1:3,xlab="logit',main="
" xlim=range(s))
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N
pared
No + &-1337
Yes + & B3
public
No + &1343
Yes + & 57
gpa
[1.90,273) + &-—1102
[2.73,3.00) + & 09
[3.00,3.28) + &—1100
[3.28,4.00] + a | gg
Overall
+ 41400
I I I I I
20 -15 10 -05 0.0
logit
N=400

Once we are done assessing whether the assumptions
of our model hold,

we can obtain predicted probabilities, which are usually
easier to

understand than either the coefficients or the odds
ratios. For example, we can vary

gpa fOr each level of pares @and puniic and calculate

the probability of being in each category of apply. We
do this by creating a new

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=157852
https://scales.arabpsychology.com
https://scales.arabpsychology.com

What are some examples of Ordinal Logistic Regression data analysis in R?

dataset of all the values to use for prediction.

newdat<-
data.frame(pared=rep(0:1,200),public=rep(0:1,each=200)
,gpa=rep(seq(from=1.9,to=4,length.out=100),4))newdat<-
cbind(newdat,predict(m, newdat,type="probs"))##show
first few rowshead(newdat)

## pared public gpa unlikely somewhat likely very likely
## 100 1.900 0.7376 0.2205 0.04192
##2101.921 0.4932 0.3946 0.11221
## 300 1.942 0.7325 0.2245 0.04299
##4 10 1.964 0.4867 0.3985 0.11484
##500 1.985 0.7274 0.2285 0.04407
##6 10 2.006 0.4802 0.4023 0.11753

Now we can reshape the data long with the reshapez
package and plot

all of the predicted probabilities for the different
conditions. We plot the

predicted probilities, connected with a line, colored by
level of the outcome,

apply, and facetted by level of parea and puniic. We also

use a custom label function, to add clearer labels
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showing what each column and row
of the plot represent.

Inewdat<-
melt(newdat,id.vars=c("pared","public","gpa"),variable.
name="Level",value.name="Probability")## view first
few rowshead(Inewdat)

## pared public gpa Level Probability
## 100 1.900 unlikely 0.7376
##2 10 1.921 unlikely 0.4932
## 3 00 1.942 unlikely 0.7325
## 4 10 1.964 unlikely 0.4867
## 500 1.985 unlikely 0.7274
##6 10 2.006 unlikely 0.4802

ggplot(lnewdat,aes(x= gpa,y= Probability,colour=
Level))+geom _line()+facet_grid(pared~public,labeller="|I
abel_both")
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