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00.psych A package for personality, psychometric, and psychological research

Description

Overview of the psych package.

The psych package has been developed at Northwestern University to include functions most use-
ful for personality and psychological research. Some of the functions (e.g., read.clipboard,
describe, pairs.panels, error.bars ) are useful for basic data entry and descriptive analyses.
Use help(package="psych") for a list of all functions. Two vignettes are included as part of the
package. The overview provides examples of using psych in many applications.

Psychometric applications include routines (fa for principal axes (factor.pa), minimum residual
(minres: factor.minres), and weighted least squares (factor.wls factor analysis as well as func-
tions to do Schmid Leiman transformations (schmid) to transform a hierarchical factor structure
into a bifactor solution. Factor or components transformations to a target matrix include the stan-
dard Promax transformation (Promax), a transformation to a cluster target, or to any simple target
matrix (target.rot) as well as the ability to call many of the GPArotation functions. Functions for
determining the number of factors in a data matrix include Very Simple Structure (VSS) and Min-
imum Average Partial correlation (MAP). An alternative approach to factor analysis is Item Cluster
Analysis (ICLUST). Reliability coefficients alpha (score.items, score.multiple.choice), beta
(ICLUST) and McDonald’s omega (omega and omega. graph) as well as Guttman’s six estimates of
internal consistency reliability (guttman) and the six measures of Intraclass correlation coefficients
(ICC) discussed by Shrout and Fleiss are also available.

The score.items, and score.multiple.choice functions may be used to form single or multiple
scales from sets of dichotomous, multilevel, or multiple choice items by specifying scoring keys.

Additional functions make for more convenient descriptions of item characteristics. Functions un-
der development include 1 and 2 parameter Item Response measures. The tetrachoric, polychoric
and irt.fa functions are used to find 2 parameter descriptions of item functioning.

A number of procedures have been developed as part of the Synthetic Aperture Personality Assess-

ment (SAPA) project. These routines facilitate forming and analyzing composite scales equivalent

to using the raw data but doing so by adding within and between cluster/scale item correlations.
These functions include extracting clusters from factor loading matrices (factor2cluster), syn-
thetically forming clusters from correlation matrices (cluster. cor), and finding multiple ((mat . regress)
and partial ((partial.r) correlations from correlation matrices.

Functions to generate simulated data with particular structures include sim.circ (for circumplex
structures), sim.item (for general structures) and sim.congeneric (for a specific demonstration
of congeneric measurement). The functions sim.congeneric and sim.hierarchical can be used
to create data sets with particular structural properties. A more general form for all of these is
sim.structural for generating general structural models. These are discussed in more detail in
the vignette (psych_for_sem).

Functions to apply various standard statistical tests include p.rep and its variants for testing the
probability of replication, r.con for the confidence intervals of a correlation, and r. test to test
single, paired, or sets of correlations.

In order to study diurnal or circadian variations in mood, it is helpful to use circular statistics. Func-
tions to find the circular mean (circadian.mean), circular (phasic) correlations (circadian.cor)
and the correlation between linear variables and circular variables (circadian.linear.cor) sup-
plement a function to find the best fitting phase angle (cosinor) for measures taken with a fixed
period (e.g., 24 hours).
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The most recent development version of the package is always available for download as a source
file from the repository at http://personality-project.org/r/src/contrib/.

Details

Two vignettes (overview.pdf) and psych_for_sem.pdf) are useful introductions to the package. They
may be found as vignettes in R or may be downloaded from http://personality-project.org/
r/book/overview.pdf and http://personality-project.org/r/book/psych_for_sem.pdf.

The psych package was originally a combination of multiple source files maintained at the http:
//personality-project.org/r repository: “useful.r", VSS.r.,, ICLUST.r, omega.r, etc. “useful.r"
is a set of routines for easy data entry (read.clipboard), simple descriptive statistics (describe),
and splom plots combined with correlations (pairs.panels, adapted from the help files of pairs).
Those files have now been replaced with a single package.

The VSS routines allow for testing the number of factors (VSS), showing plots (VSS.plot) of good-
ness of fit, and basic routines for estimating the number of factors/components to extract by using
the MAP’s procedure, the examining the scree plot (VSS.scree) or comparing with the scree of an
equivalent matrix of random numbers (VSS.parallel).

In addition, there are routines for hierarchical factor analysis using Schmid Leiman tranformations
(omega, omega. graph) as well as Item Cluster analysis (ICLUST, ICLUST. graph).

The more important functions in the package are for the analysis of multivariate data, with an
emphasis upon those functions useful in scale construction of item composites.

When given a set of items from a personality inventory, one goal is to combine these into higher
level item composites. This leads to several questions:

1) What are the basic properties of the data? describe reports basic summary statistics (mean,
sd, median, mad, range, minimum, maximum, skew, kurtosis, standard error) for vectors, columns
of matrices, or data.frames. describe.by provides descriptive statistics, organized by one or more
grouping variables. pairs.panels shows scatter plot matrices (SPLOMs) as well as histograms and
the Pearson correlation for scales or items. error.bars will plot variable means with associated
confidence intervals. error.bars will plot confidence intervals for both the x and y coordinates.
corr.test will find the significance values for a matrix of correlations.

2) What is the most appropriate number of item composites to form? After finding either standard
Pearson correlations, or finding tetrachoric or polychoric correlations using a wrapper (poly.mat)
for John Fox’s hetcor function, the dimensionality of the correlation matrix may be examined. The
number of factors/components problem is a standard question of factor analysis, cluster analysis,
or principal components analysis. Unfortunately, there is no agreed upon answer. The Very Simple
Structure (VSS) set of procedures has been proposed as on answer to the question of the optimal
number of factors. Other procedures (VSS.scree, VSS.parallel, fa.parallel, and MAP) also
address this question.

3) What are the best composites to form? Although this may be answered using principal com-
ponents (principal), principal axis (factor.pa) or minimum residual (factor.minres) factor
analysis (all part of the fa function) and to show the results graphically (fa.graph), it is some-
times more useful to address this question using cluster analytic techniques. (Some would argue
that better yet is to use maximum likelihood factor analysis using factanal from the stats pack-
age.) Previous versions of ICLUST (e.g., Revelle, 1979) have been shown to be particularly suc-
cessful at forming maximally consistent and independent item composites. Graphical output from
ICLUST. graph uses the Graphviz dot language and allows one to write files suitable for Graphviz.
If Rgraphviz is available, these graphs can be done in R.

Graphical organizations of cluster and factor analysis output can be done using cluster.plot
which plots items by cluster/factor loadings and assigns items to that dimension with the highest
loading.


http://personality-project.org/r/src/contrib/
http://personality-project.org/r/book/overview.pdf
http://personality-project.org/r/book/overview.pdf
http://personality-project.org/r/book/psych_for_sem.pdf
http://personality-project.org/r
http://personality-project.org/r
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4) How well does a particular item composite reflect a single construct? This is a question of relia-
bility and general factor saturation. Multiple solutions for this problem result in (Cronbach’s) alpha
(alpha, score.items), (Revelle’s) Beta (ICLUST), and (McDonald’s) omega (both omega hierar-
chical and omega total). Additional reliability estimates may be found in the guttman function.

This can also be examined by applying irt.fa Item Response Theory techniques using factor
analysis of the tetrachoric or polychoric correlation matrices and converting the results into the
standard two parameter parameterization of item difficulty and item discrimination. Information
functions for the items suggest where they are most effective.

5) For some applications, data matrices are synthetically combined from sampling different items
for different people. So called Synthetic Aperture Personality Assessement (SAPA) techniques
allow the formation of large correlation or covariance matrices even though no one person has
taken all of the items. To analyze such data sets, it is easy to form item composites based upon the
covariance matrix of the items, rather than original data set. These matrices may then be analyzed
using a number of functions (e.g., cluster.cor, factor.pa, ICLUST, principal, mat.regress,
and factor2cluster.

6) More typically, one has a raw data set to analyze. alpha will report several reliablity estimates
as well as item-whole correlations for items forming a single scale, score.items will score data
sets on multiple scales, reporting the scale scores, item-scale and scale-scale correlations, as well
as coefficient alpha, alpha-1 and G6+. Using a ‘keys’ matrix (created by make.keys or by hand),
scales can have overlapping or independent items. score.multiple.choice scores multiple choice
items or converts multiple choice items to dichtomous (0/1) format for other functions.

An additional set of functions generate simulated data to meet certain structural properties. sim.anova
produces data simulating a 3 way analysis of variance (ANOVA) or linear model with or with out
repeated measures. sim.item creates simple structure data, sim.circ will produce circumplex
structured data, sim.dichot produces circumplex or simple structured data for dichotomous items.
These item structures are useful for understanding the effects of skew, differential item endorsement
on factor and cluster analytic soutions. sim.structural will produce correlation matrices and data
matrices to match general structural models. (See the vignette).

When examining personality items, some people like to discuss them as representing items in a
two dimensional space with a circumplex structure. Tests of circumplex fit circ. tests have been
developed. When representing items in a circumplex, it is convenient to view them in polar coor-
dinates.

Additional functions for testing the difference between two independent or dependent correlation
r.test, to find the phi or Yule coefficients from a two by table, or to find the confidence interval
of a correlation coefficient.

Ten data sets are included: bfi represents 25 personality items thought to represent five factors of
personality, igitems has 14 multiple choice iq items. sat.act has data on self reported test scores
by age and gender. galton Galton’s data set of the heights of parents and their children. peas
recreates the original Galton data set of the genetics of sweet peas. heights and cubits provide
even more Galton data, vegetables provides the Guilford preference matrix of vegetables. cities
provides airline miles between 11 US cities (demo data for multidimensional scaling).

Package: psych

Type: Package

Version: 1.3.1

Date: 20112-04-15

License: GPL version 2 or newer

Index:
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psych A package for personality, psychometric, and psychological research.

Useful data entry and descriptive statistics

read.clipboard

read.clipboard.csv
read.clipboard.lower
read.clipboard.upper

describe
describe.by
headtail
pairs.panels
corr.test
cor.plot
multi.hist
skew
kurtosi

geometric.mean
harmonic.mean

error.bars
error.bars.by
eITOr.Crosses
interp.median
rescale
table2df

shortcut for reading from the clipboard

shortcut for reading comma delimited files from clipboard

shortcut for reading lower triangular matrices from the clipboard
shortcut for reading upper triangular matrices from the clipboard
Basic descriptive statistics useful for psychometrics

Find summary statistics by groups

combines the head and tail functions for showing data sets

SPLOM and correlations for a data matrix

Correlations, sample sizes, and p values for a data matrix
graphically show the size of correlations in a correlation matrix
Histograms and densities of multiple variables arranged in matrix form
Calculate skew for a vector, each column of a matrix, or data.frame
Calculate kurtosis for a vector, each column of a matrix or dataframe
Find the geometric mean of a vector or columns of a data.frame
Find the harmonic mean of a vector or columns of a data.frame
Plot means and error bars

Plot means and error bars for separate groups

Two way error bars

Find the interpolated median, quartiles, or general quantiles.
Rescale data to specified mean and standard deviation

Convert a two dimensional table of counts to a matrix or data frame

Data reduction through cluster and factor analysis

fa
factor.pa
factor.minres
factor.wls
fa.graph
fa.diagram
fa.sort
fa.extension
principal
fa.parallel
fa.parallel.poly
factor.scores
guttman
irt.fa
iclust
ICLUST.graph
ICLUST.rgraph
kaiser
polychoric
poly.mat
omega

Combined function for principal axis, minimum residual, weighted least squares, and maximum li
Do a principal Axis factor analysis (deprecated)

Do a minimum residual factor analysis (deprecated)

Do a weighted least squares factor analysis (deprecated)

Show the results of a factor analysis or principal components analysis graphically
Show the results of a factor analysis without using Rgraphviz

Sort a factor or principal components output

Apply the Dwyer extension for factor loadingss

Do an eigen value decomposition to find the principal components of a matrix

Scree test and Parallel analysis

Scree test and Parallel analysis for polychoric matrices

Estimate factor scores given a data matrix and factor loadings

8 different measures of reliability (6 from Guttman (1945)

Apply factor analysis to dichotomous items to get IRT parameters

Apply the ICLUST algorithm

Graph the output from ICLUST using the dot language

Graph the output from ICLUST using rgraphviz

Apply kaiser normalization before rotating

Find the polychoric correlations for items and find item thresholds (uses J. Fox’s polycor)
Find the polychoric correlations for items (uses J. Fox’s hetcor)

Calculate the omega estimate of factor saturation (requires the GPArotation package)
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omega.graph
partial.r
predict
schmid
score.items

score.multiple.choice

set.cor

smc
tetrachoric
polyserial
mixed.cor
VSS
VSS.parallel
VSS.plot
VSS.scree
MAP

Draw a hierarchical or Schmid Leiman orthogonalized solution (uses Rgraphviz)
Partial variables from a correlation matrix

Predict factor/component scores for new data

Apply the Schmid Leiman transformation to a correlation matrix

Combine items into multiple scales and find alpha

Combine items into multiple scales and find alpha and basic scale statistics

Find Cohen’s set correlation between two sets of variables

Find the Squared Multiple Correlation (used for initial communality estimates)
Find tetrachoric correlations and item thresholds

Find polyserial and biserial correlations for item validity studies

Form a correlation matrix from continuous, polytomous, and dichotomous items
Apply the Very Simple Structure criterion to determine the appropriate number of factors.
Do a parallel analysis to determine the number of factors for a random matrix
Plot VSS output

Show the scree plot of the factor/principal components

Apply the Velicer Minimum Absolute Partial criterion for number of factors

Functions for reliability analysis (some are listed above as well).

alpha
guttman
omega
omegaSem
ICC
score.items
glb.algebraic

Find coefficient alpha and Guttman Lambda 6 for a scale (see also score.items)

8 different measures of reliability (6 from Guttman (1945)

Calculate the omega estimates of reliability (requires the GPArotation package)

Calculate the omega estimates of reliability using a Confirmatory model (requires the sem package)
Intraclass correlation coefficients

Combine items into multiple scales and find alpha

The greates lower bound found by an algebraic solution (requires Rcsdp). Written by Andreas Moeltner

Procedures particularly useful for Synthetic Aperture Personality Assessment

alpha
make.keys
correct.cor
count.pairwise
cluster.cor
cluster.loadings
eigen.loadings
fa

fa.extension
factor.pa
factor2cluster
factor.congruence
factor.fit
factor.model
factor.residuals
factor.rotate
guttman
mat.regress
polyserial
tetrachoric

Find coefficient alpha and Guttman Lambda 6 for a scale (see also score.items)
Create the keys file for score.items or cluster.cor

Correct a correlation matrix for unreliability

Count the number of complete cases when doing pair wise correlations

find correlations of composite variables from larger matrix

find correlations of items with composite variables from a larger matrix

Find the loadings when doing an eigen value decomposition

Do a minimal residual or principal axis factor analysis and estimate factor scores
Extend a factor analysis to a set of new variables

Do a Principal Axis factor analysis and estimate factor scores

extract cluster definitions from factor loadings

Factor congruence coefficient

How well does a factor model fit a correlation matrix

Reproduce a correlation matrix based upon the factor model

Fit = data - model

“hand rotate" factors

8 different measures of reliability

standardized multiple regression from raw or correlation matrix input
polyserial and biserial correlations with massive missing data

Find tetrachoric correlations and item thresholds
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Functions for generating simulated data sets

sim
sim.anova
sim.circ
sim.item
sim.congeneric
sim.minor
sim.structural
sim.irt
sim.VSS
phi.demo
sim.hierarchical

The basic simulation functions

Generate 3 independent variables and 1 or more dependent variables for demonstrating ANOVA and In
Generate a two dimensional circumplex item structure

Generate a two dimensional simple structrue with particular item characteristics
Generate a one factor congeneric reliability structure

Simulate nfact major and nvar/2 minor factors

Generate a multifactorial structural model

Generate data for a 1, 2, 3 or 4 parameter logistic model

Generate simulated data for the factor model

Create artificial data matrices for teaching purposes

Generate simulated correlation matrices with hierarchical or any structure

Graphical functions (require Rgraphviz) — deprecated

structure.graph
fa.graph
omega.graph
ICLUST.graph

Draw a sem or regression graph

Draw the factor structure from a factor or principal components analysis

Draw the factor structure from an omega analysis (either with or without the Schmid Leiman transforma
Draw the tree diagram from ICLUST

Graphical functions that do not require Rgraphviz

diagram
structure.diagram
fa.diagram
omega.diagram
ICLUST.diagram
plot.psych
cor.plot

spider

A general set of diagram functions.

Draw a sem or regression graph

Draw the factor structure from a factor or principal components analysis

Draw the factor structure from an omega analysis (either with or without the Schmid Leiman transfor:
Draw the tree diagram from ICLUST

A call to plot various types of output (e.g. from irt.fa, fa, omega, iclust

A heat map display of correlations

Spider and radar plots (circular displays of correlations)

Circular statistics (for circadian data analysis)

circadian.cor Find the correlation with e.g., mood and time of day
circadian.linear.cor  Correlate a circular value with a linear value
circadian.mean Find the circular mean of each column of a a data set
cosinor Find the best fitting phase angle for a circular data set

Miscellaneous functions
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comorbidity
df2latex
dummy.code
fisherz

fisherz2r

ICC

cortest.mat
cortest.bartlett
paired.r

r.con

r.test

p.rep

phi

phi.demo
phi2poly
phi2poly.matrix
polar

poly.mat
polychor.matrix
scaling.fits
scrub

tetrachor
thurstone

tr

wkappa

Yule

Yule.inv
Yule2phi
Yule2phi.matrix
Yule2phi.matrix

Convert base rate and comorbity to phi, Yule and tetrachoric

Convert a data.frame or matrix to a LaTeX table

Convert categorical data to dummy codes

Apply the Fisher r to z transform

Apply the Fisher z to r transform

Intraclass correlation coefficients

Test for equality of two matrices (see also cortest.normal, cortest.jennrich )
Test whether a matrix is an identity matrix

Test for the difference of two paired or two independent correlations
Confidence intervals for correlation coefficients

Test of significance of r, differences between rs.

The probability of replication given ap, r, t, or F

Find the phi coefficient of correlation from a 2 x 2 table

Demonstrate the problem of phi coefficients with varying cut points

Given a phi coefficient, what is the polychoric correlation

Given a phi coefficient, what is the polychoric correlation (works on matrices)
Convert 2 dimensional factor loadings to polar coordinates.

Use John Fox’s hetcor to create a matrix of correlations from a data.frame or matrix of integer values
Use John Fox’s polycor to create a matrix of polychoric correlations from a matrix of Yule correlations

Compares alternative scaling solutions and gives goodness of fits

Basic data cleaning

Finds tetrachoric correlations

Thurstone Case V scaling

Find the trace of a square matrix

weighted and unweighted versions of Cohen’s kappa

Find the Yule Q coefficient of correlation

What is the two by two table that produces a Yule Q with set marginals?
What is the phi coefficient corresponding to a Yule Q with set marginals?
Convert a matrix of Yule coefficients to a matrix of phi coefficients.
Convert a matrix of Yule coefficients to a matrix of polychoric coefficients.

Functions that are under development and not recommended for casual use

irt.item.diff.rasch
irt.person.rasch

IRT estimate of item difficulty with assumption that theta =0
Item Response Theory estimates of theta (ability) using a Rasch like model

Data sets included in the psych package

bfi
Thurstone
cities
epi.bfi
igitems
msq
sat.act
Tucker
galton

represents 25 personality items thought to represent five factors of personality
8 different data sets with a bifactor structure

The airline distances between 11 cities (used to demonstrate MDS)

13 personality scales

14 multiple choice iq items

75 mood items

Self reported ACT and SAT Verbal and Quantitative scores by age and gender
Correlation matrix from Tucker

Galton’s data set of the heights of parents and their children
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heights Galton’s data set of the relationship between height and forearm (cubit) length
cubits Galton’s data table of height and forearm length
peas Galton‘s data set of the diameters of 700 parent and offspring sweet peas

vegetables  Guilford‘s preference matrix of vegetables (used for thurstone)

A debugging function that may also be used as a demonstration of psych.

test.psych  Run a test of the major functions on 5 different data sets. Primarily for development purposes. Although the o

Note

Development versions (source code) of this package are maintained at the repository http://
personality-project.org/r along with further documentation. Specify that you are download-
ing a source package.

Some functions require other packages. Specifically, omega and schmid require the GPArota-
tion package, and poly.mat, phi2poly and polychor.matrix requires John Fox’s polychor package.
ICLUST.rgraph and fa.graph require Rgraphviz but have alternatives using the diagram functions.

ie.:
function requires
omega GPArotation
schmid GPArotation
poly.mat polychor
phi2poly polychor
polychor.matrix  polychor
ICLUST.rgraph  Rgraphviz
fa.graph Rgraphviz
structure.graph ~ Rgraphviz
glb.algebraic Resdp

Author(s)
William Revelle
Department of Psychology

Northwestern University
Evanston, Illiniois
http://personality-project.org/revelle.html

Maintainer: William Revelle <revelle @northwestern.edu>

References

A general guide to personality theory and research may be found at the personality-project http:
//personality-project.org. See also the short guide to R at http://personality-project.
org/r. In addition, see

Revelle, W. (in preparation) An Introduction to Psychometric Theory with applications in R. Springer.
athttp://personality-project.org/r/book/


http://personality-project.org/r
http://personality-project.org/r
http://personality-project.org/revelle.html
http://personality-project.org
http://personality-project.org
http://personality-project.org/r
http://personality-project.org/r
http://personality-project.org/r/book/
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Examples

#See the separate man pages
test.psych()

affect Two data sets of affect and arousal scores as a function of personality
and movie conditions

Description

A recurring question in the study of affect is the proper dimensionality and the relationship to
various personality dimensions. Here are two data sets taken from studies of mood and arousal
using movies to induce affective states.

Usage

data(affect)

Details

These are data from two studies conducted in the Personality, Motivation and Cognition Laboratory
at Northwestern University. Both studies used a similar methodology:

Collection of pretest data using 5 scales from the Eysenck Personality Inventory and items taken
from the Motivational State Questionnaire (see link{msq}. In addition, state and trait anxiety
measures were given. In the “maps” study, the Beck Depression Inventory was given also.

Then subjects were randomly assigned to one of four movie conditions: 1: Frontline. A documen-
tary about the liberation of the Bergen-Belsen concentration camp. 2: Halloween. A horror film. 3:
National Geographic, a nature film about the Serengeti plain. 4: Parenthood. A comedy. Each film
clip was shown for 9 minutes. Following this the MSQ was given again.

Data from the MSQ were scored for Energetic and Tense Arousal (EA and TA) as well as Positive
and Negative Affect (PA and NA).

Study flat had 170 participants, study maps had 160.

These studies are described in more detail in various publications from the PMC lab. In particular,
Revelle and Anderson, 1997 and Rafaeli and Revelle (2006).

Source

Data collected at the Personality, Motivation, and Cognition Laboratory, Northwestern University.

References

William Revelle and Kristen Joan Anderson (1997) Personality, motivation and cognitive perfor-
mance: Final report to the Army Research Institute on contract MDA 903-93-K-0008

Rafaeli, Eshkol and Revelle, William (2006), A premature consensus: Are happiness and sadness
truly opposite affects? Motivation and Emotion, 30, 1, 1-12.
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Examples

data(affect)

describe(flat)

pairs.panels(flat[15:18],bg=c("red”, "black”,"white","blue")[maps$Film], pch=21,main="Affect varies by movie:
describe(maps)

pairs.panels(maps[14:17],bg=c("red”,"black”,"white"”,"blue”)[maps$Film], pch=21,main="Affect varies by movie:

alpha Find two estimates of reliability: Cronbach’s alpha and Guttman’s
Lambda 6.

Description

Internal consistency measures of reliability range from wy to « to w;. This function reports two
estimates: Cronbach’s coefficient o and Guttman’s Ag. Also reported are item - whole correlations,
« if an item is omitted, and item means and standard deviations.

Usage
alpha(x, keys=NULL,cumulative=FALSE, title=NULL, max=10,na.rm = TRUE,check.keys=TRUE)

Arguments
X A data.frame or matrix of data, or a covariance or correlation matrix
keys If some items are to be reversed keyed, then the direction of all items must be
specified in a keys vector
title Any text string to identify this run
cumulative should means reflect the sum of items or the mean of the items. The default
value is means.
max the number of categories/item to consider if reporting category frequencies. De-
faults to 10, passed to 1ink{response.frequencies}
na.rm The default is to remove missing values and find pairwise correlations
check.keys if TRUE, then find the first principal component and reverse key items with
negative loadings. Give a warning if this happens.
Details

Alpha is one of several estimates of the internal consistency reliability of a test.

Surprisingly, 105 years after Spearman (1904) introduced the concept of reliability to psychologists,
there are still multiple approaches for measuring it. Although very popular, Cronbach’s a (1951)
underestimates the reliability of a test and over estimates the first factor saturation.

« (Cronbach, 1951) is the same as Guttman’s A3 (Guttman, 1945) and may be found by

n (1 B tr(V)m) _on Va— tr(V,)
V. n—1 V.

=«

A3 =

n—1

Perhaps because it is so easy to calculate and is available in most commercial programs, alpha is
without doubt the most frequently reported measure of internal consistency reliability. Alpha is the
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mean of all possible spit half reliabilities (corrected for test length). For a unifactorial test, it is a
reasonable estimate of the first factor saturation, although if the test has any microstructure (i.e., if
it is “lumpy") coefficients 5 (Revelle, 1979; see ICLUST) and wy, (see omega) are more appropriate
estimates of the general factor saturation. w; (see omega) is a better estimate of the reliability of the
total test.

Guttman’s Lambda 6 (G6) considers the amount of variance in each item that can be accounted for
the linear regression of all of the other items (the squared multiple correlation or smc), or more
precisely, the variance of the errors, e?, and is

_ Ze? Z(l _rgmc)'

g =1 =
0 V, V,

The squared multiple correlation is a lower bound for the item communality and as the number of
items increases, becomes a better estimate.

G6 is also sensitive to lumpyness in the test and should not be taken as a measure of unifactorial
structure. For lumpy tests, it will be greater than alpha. For tests with equal item loadings, alpha >
G6, but if the loadings are unequal or if there is a general factor, G6 > alpha. alpha is a generaliza-
tion of an earlier estimate of reliability for tests with dichotomous items developed by Kuder and
Richardson, known as KR20, and a shortcut approximation, KR21. (See Revelle, in prep).

Alpha and G6 are both positive functions of the number of items in a test as well as the average
intercorrelation of the items in the test. When calculated from the item variances and total test
variance, as is done here, raw alpha is sensitive to differences in the item variances. Standardized
alpha is based upon the correlations rather than the covariances.

More complete reliability analyses of a single scale can be done using the omega function which
finds wy, and w; based upon a hierarchical factor analysis.

Alternative functions score.items and cluster.cor will also score multiple scales and report
more useful statistics. “Standardized" alpha is calculated from the inter-item correlations and will
differ from raw alpha.

Three alternative item-whole correlations are reported, two are conventional, one unique. r is the
correlation of the item with the entire scale, not correcting for item overlap. r.drop is the correlation
of the item with the scale composed of the remaining items. Although both of these are conventional
statistics, they have the disadvantage that a) item overlap inflates the first and b) the scale is different
for each item when an item is dropped. Thus, the third alternative, r.cor, corrects for the item overlap
by subtracting the item variance but then replaces this with the best estimate of common variance,

the smc.
Value
total a list containing
raw_alpha alpha based upon the covariances
std.alpha The standarized alpha based upon the correlations
G6(smc) Guttman’s Lambda 6 reliability
average_r The average interitem correlation
mean For data matrices, the mean of the scale formed by summing the items
sd For data matrices, the standard deviation of the total score
alpha.drop A data frame with all of the above for the case of each item being removed one

by one.

item.stats A data frame including
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r The correlation of each item with the total score (not corrected for item overlap)
r.cor Item whole correlation corrected for item overlap and scale reliability

r.drop Item whole correlation for this item against the scale without this item

mean for data matrices, the mean of each item

sd For data matrices, the standard deviation of each item

response.freq For data matrices, the frequency of each item response (if less than 20)

Author(s)

William Revelle

References

Cronbach, L.J. (1951) Coefficient alpha and the internal strucuture of tests. Psychometrika, 16,
297-334.

Guttman, L. (1945). A basis for analyzing test-retest reliability. Psychometrika, 10 (4), 255-282.

Revelle, W. (in preparation) An introduction to psychometric theory with applications in R. Springer.
(Available online at http://personality-project.org/r/book).

Revelle, W. Hierarchical Cluster Analysis and the Internal Structure of Tests. Multivariate Behav-
ioral Research, 1979, 14, 57-74.

Revelle, W. and Zinbarg, R. E. (2009) Coefficients alpha, beta, omega and the glb: comments on
Sijtsma. Psychometrika, 2009.

See Also

omega, ICLUST, guttman, score.items, cluster.cor

Examples

r4 <- sim.congeneric()

alpha(r4)

r9 <- sim.hierarchical()

alpha(r9)

#an example of two independent factors that produce reasonable alphas

#this is a case where alpha is a poor indicator of unidimensionality

two.f <- sim.item(8)

alpha(two.f,keys=c(rep(1,4),rep(-1,4)))

#an example with discrete item responses -- show the frequencies

items <- sim.congeneric(N=500, short=FALSE,low=-2,high=2,categorical=TRUE) #500 responses to 4 discrete ite
a4 <- alpha(items$observed) #item response analysis of congeneric measures
a4

#summary just gives Alpha

summary (a4)


http://personality-project.org/r/book
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Bechtoldt Seven data sets showing a bifactor solution.

Description

Holzinger-Swineford (1937) introduced the bifactor model of a general factor and uncorrelated
group factors. The Holzinger data sets are original 14 * 14 matrix from their paper as well as a 9
*9 matrix used as an example by Joreskog. The Thurstone correlation matrix is a 9 * 9 matrix of
correlations of ability items. The Reise data set is 16 * 16 correlation matrix of mental health items.
The Bechtholdt data sets are both 17 x 17 correlation matrices of ability tests.

Usage

data(Thurstone)
data(Thurstone.33)
data(Holzinger)
data(Holzinger.9)
data(Bechtoldt)
data(Bechtoldt.1)
data(Bechtoldt.?2)
data(Reise)

Details

Holzinger and Swineford (1937) introduced the bifactor model (one general factor and several group
factors) for mental abilities. This is a nice demonstration data set of a hierarchical factor structure
that can be analyzed using the omega function or using sem. The bifactor model is typically used in
measures of cognitive ability.

There are several ways to analyze such data. One is to use the omega function to do a hierarchical
factoring using the schmid-leiman transformation. Another is to a regular factor analysis and use
either a bifactor or biquartimin rotation. These latter two functions implement the Jennrich and
Bentler (2011) bifactor and biquartimin transformations.

The 14 variables are ordered to reflect 3 spatial tests, 3 mental speed tests, 4 motor speed tests, and
4 verbal tests. The sample size is 355.

Another data set from Holzinger (Holzinger.9) represents 9 cognitive abilities (Holzinger, 1939)
and is used as an example by Karl Joreskog (2003) for factor analysis by the MINRES algorithm
and also appears in the LISREL manual as example NPV.KM.

Another classic data set is the 9 variable Thurstone problem which is discussed in detail by R.
P. McDonald (1985, 1999) and and is used as example in the sem package as well as in the PROC
CALIS manual for SAS. These nine tests were grouped by Thurstone and Thurstone, 1941 (based on
other data) into three factors: Verbal Comprehension, Word Fluency, and Reasoning. The original
data came from Thurstone and Thurstone (1941) but were reanalyzed by Bechthold (1961) who
broke the data set into two. McDonald, in turn, selected these nine variables from the larger set of
17 found in Bechtoldt.2. The sample size is 213.

Another set of 9 cognitive variables attributed to Thurstone (1933) is the data set of 4,175 students
reported by Professor Brigham of Princeton to the College Entrance Examination Board. This set
does not show a clear bifactor solution but is included as a demonstration of the differences between
a maximimum likelihood factor analysis solution versus a principal axis factor solution.
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More recent applications of the bifactor model are to the measurement of psychological status. The
Reise data set is a correlation matrix based upon >35,000 observations to the Consumer Assess-
ment of Health Care Provideers and Systems survey instrument. Reise, Morizot, and Hays (2007)
describe a bifactor solution based upon 1,000 cases.

The five factors from Reise et al. reflect Getting care quickly (1-3), Doctor communicates well (4-
7), Courteous and helpful staff (8,9), Getting needed care (10-13), and Health plan customer service
(14-16).

The two Bechtoldt data sets are two samples from Thurstone and Thurstone (1941). They include 17
variables, 9 of which were used by McDonald to form the Thurstone data set. The sample sizes are
212 and 213 respectively. The six proposed factors reflect memory, verbal, words, space, number
and reasoning with three markers for all expect the rote memory factor. 9 variables from this set
appear in the Thurstone data set.

Two more data sets with similar structures are found in the Harman data set.

* Bechtoldt.1: 17 x 17 correlation matrix of ability tests, N =212.

* Bechtoldt.2: 17 x 17 correlation matrix of ability tests, N = 213.

* Holzinger: 14 x 14 correlation matrix of ability tests, N = 355

* Holzinger.9: 9 x 9 correlation matrix of ability tests, N = 145

* Reise: 16 x 16 correlation matrix of health satisfaction items. N = 35,000
 Thurstone: 9 x 9 correlation matrix of ability tests, N =213

e Thurstone.33: Another 9 x 9 correlation matrix of ability items, N=4175

Source

Holzinger: Holzinger and Swineford (1937)
Reise: Steve Reise (personal communication)
sem help page (for Thurstone)

References
Bechtoldt, Harold, (1961). An empirical study of the factor analysis stability hypothesis. Psy-
chometrika, 26, 405-432.
Holzinger, Karl and Swineford, Frances (1937) The Bi-factor method. Psychometrika, 2, 41-54

Holzinger, K., & Swineford, F. (1939). A study in factor analysis: The stability of a bifactor
solution. Supplementary Educational Monograph, no. 48. Chicago: University of Chicago Press.

McDonald, Roderick P. (1999) Test theory: A unified treatment. L. Erlbaum Associates. Mahwabh,
N.J.

Reise, Steven and Morizot, Julien and Hays, Ron (2007) The role of the bifactor model in resolving
dimensionality issues in health outcomes measures. Quality of Life Research. 16, 19-31.

Thurstone, Louis Leon (1933) The theory of multiple factors. Edwards Brothers, Inc. Ann Arbor

Thurstone, Louis Leon and Thurstone, Thelma (Gwinn). (1941) Factorial studies of intelligence.
The University of Chicago Press. Chicago, Il.

Examples

if(!require(GPArotation)) {message("I am sorry, to run omega requires GPArotation”) } else {
holz <- omega(Holzinger,4, title = "14 ability tests from Holzinger-Swineford")
bf <- omega(Reise,5,title="16 health items from Reise")
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omega(Reise,5,labels=colnames(Reise),title="16 health items from Reise")
thur.om <- omega(Thurstone,title="9 variables from Thurstone"”) #compare with
thur.bf  <- fa(Thurstone,3,rotate="biquartimin”)
factor.congruence(thur.om, thur.bf)

}

bfi 25 Personality items representing 5 factors

Description

25 personality self report items taken from the International Personality Item Pool (ipip.ori.org)
were included as part of the Synthetic Aperture Personality Assessment (SAPA) web based per-
sonality assessment project. The data from 2800 subjects are included here as a demonstration
set for scale construction, factor analysis, and Item Response Theory analysis. Three additional
demographic variables (sex, education, and age) are also included.

Usage
data(bfi)

Format

A data frame with 2800 observations on the following 28 variables. (The q numbers are the SAPA
item numbers).

A1 Am indifferent to the feelings of others. (q_146)
A2 Inquire about others’ well-being. (q_1162)
A3 Know how to comfort others. (q_1206)

A4 Love children. (q_1364)

A5 Make people feel at ease. (q_1419)

C1 Am exacting in my work. (q_124)

C2 Continue until everything is perfect. (q_530)
C3 Do things according to a plan. (q_619)

C4 Do things in a half-way manner. (q_626)

C5 Waste my time. (q_1949)

E1 Don’t talk a lot. (q_712)

E2 Find it difficult to approach others. (q_901)
E3 Know how to captivate people. (q_1205)

E4 Make friends easily. (q_1410)

E5 Take charge. (q_1768)

N1 Get angry easily. (q_952)

N2 Get irritated easily. (q_974)

N3 Have frequent mood swings. (q_1099

N4 Often feel blue. (q_1479)

N5 Panic easily. (q_1505)



20 bfi

01 Am full of ideas. (q_128)

02 Avoid difficult reading material.(q_316)

03 Carry the conversation to a higher level. (q_492)

04 Spend time reflecting on things. (q_1738)

05 Will not probe deeply into a subject. (q_1964)

gender Males = 1, Females =2

education 1 =HS, 2 = finished HS, 3 = some college, 4 = college graduate 5 = graduate degree

age age in years

Details

The first 25 items are organized by five putative factors: Agreeableness, Conscientiousness, Ex-
traversion, Neuroticism, and Opennness. The scoring key is created using make.keys, the scores
are found using score.items.

These five factors are a useful example of using irt.fa to do Item Response Theory based latent
factor analysis of the polychoric correlation matrix. The endorsement plots for each item, as well
as the item information functions reveal that the items differ in their quality.

The item data were collected using a 6 point response scale: 1 Very Inaccurate 2 Moderately Inac-
curate 3 Slightly Inaccurate 4 Slightly Accurate 5 Moderately Accurate 6 Very Accurate

as part of the Synthetic Apeture Personality Assessment (SAPA) project. To see an example of
the data collection technique, visit http://test.personality-project.org. The items given
were sampled from the International Personality Item Pool of Lewis Goldberg using the sampling
technique of SAPA. This is a sample data set taken from the much larger SAPA data bank.

Source

The items are from the ipip (Goldberg, 1999). The data are from the SAPA project (Revelle, Wilt
and Rosenthal, 2010) , collected Spring, 2010 ( http://test.personality-project.org).

References

Goldberg, L.R. (1999) A broad-bandwidth, public domain, personality inventory measuring the
lower-level facets of several five-factor models. In Mervielde, 1. and Deary, 1. and De Fruyt, F. and
Ostendorf, F. (eds) Personality psychology in Europe. 7. Tilburg University Press. Tilburg, The
Netherlands.

Revelle, W., Wilt, J., and Rosenthal, A. (2010) Personality and Cognition: The Personality-Cognition
Link. In Gruszka, A. and Matthews, G. and Szymura, B. (Eds.) Handbook of Individual Differences
in Cognition: Attention, Memory and Executive Control, Springer.

See Also

bi.bars to show the data by age and gender, irt. fa for item factor analysis applying the irt model.

Examples

data(bfi)

describe(bfi)

keys.list <- list(Agree=c(-1,2:5),Conscientious=c(6:8,-9,-10),Extraversion=c(-11,-12,13:15),Neuroticism=c
keys <- make.keys(28,keys.list,item.labels=colnames(bfi))

score.items(keys,bfi)

scores <- score.items(keys[1:27,],bfi[1:27]) #don’t score age


http://test.personality-project.org
http://test.personality-project.org
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scores

bi.bars Draw pairs of bargraphs based on two groups

Description

When showing e.g., age or education distributions for two groups, it is convenient to plot them back
to back. bi.bars will do so.

Usage

bi.bars(x,grp,horiz,color,...)
Arguments

X The data to be drawn

grp a grouping variable.

horiz horizontal (default) or vertical bars

color colors for the two groups — defaults to blue and red

Further parameters to pass to the graphing program

Details

A trivial, if useful, function to draw back to back histograms/barplots. One for each group.

Value

a graphic

Author(s)

William Revelle

Examples

data(bfi)
with(bfi,{bi.bars(age,gender,ylab="Age" ,main="Age by males and females")
bi.bars(education,gender,xlab="Education”,main="Education by gender"”, 6 horiz=FALSE)})
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biplot.psych Draw biplots of factor or component scores by factor or component
loadings

Description

Applies the biplot function to the output of fa or principal. Will plot factor scores and factor
loadings in the same graph. If the number of factors > 2, then all pairs of factors are plotted. Factor
score histograms are plotted on the diagonal. The input is the resulting object from fa or principal
with the scores=TRUE option.

Usage
## S3 method for class ’psych’

biplot(x, labels=NULL,cex=c(.75,1),main="Biplot”,hist.col="cyan",xlim=c(-3,3),ylim=c(-3,3),...

Arguments
X The output from fa or principal with the scores=TRUE option
labels if NULL, draw the points with small o. To identify the data points, specify
labels= 1:n where n is the number of observations, or labels =rownames(data)
where data was the data set analyzed by the factor analysis.
cex plot size of the data points and of the factor labels
main A main title for a two factor biplot
hist.col If plotting more than two factors, the color of the histogram of the factor scores
x1lim Defaults to plus/minus three sigma
ylim Defaults to plus/minus three sigma
more options for graphics
Details

Uses the generic biplot function to take the output of a factor analysis fa or principal components
analysis principal and plot the factor/component scores along with the factor/component loadings.

Author(s)
William Revelle

See Also

fa, principal, factor.plot, pairs.panels

Examples

data(USArrests)

fa2 <- fa(USArrests,2,scores=TRUE)
biplot(fa2,labels=rownames(USArrests))
data(bfi)

fa3 <- fa(bfi[1:200,1:15]7, 3, scores=TRUE)
biplot(fa3)
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block.random Create a block randomized structure for n independent variables

Description

Random assignment of n subjects with an equal number in all of N conditions may done by block
randomization, where the block size is the number of experimental conditions. The number of
Independent Variables and the number of levels in each IV are specified as input. The output is a
the block randomized design.

Usage

block.random(n, ncond = NULL)

Arguments
n The number of subjects to randomize. Must be a multiple of the number of
experimental conditions
ncond The number of conditions for each IV. Defaults to 2 levels for one IV. If more
than one IV, specify as a vector. If names are provided, they are used, otherwise
the IVs are labeled as IV1 ... IVn
Value
blocks A matrix of subject numbers, block number, and randomized levels for each IV
Note

Prepared for a course on Research Methods in Psychology http://personality-project.org/
revelle/syllabi/205/205.syllabus.html

Author(s)

William Revelle

Examples

br <- block.random(n=24,c(2,3))
pairs.panels(br)

br <- block.random(96,c(time=4,drug=3, sex=2))
pairs.panels(br)


http://personality-project.org/revelle/syllabi/205/205.syllabus.html
http://personality-project.org/revelle/syllabi/205/205.syllabus.html
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blot Bond’s Logical Operations Test — BLOT

Description

35 items for 150 subjects from Bond’s Logical Operations Test. A good example of Item Response
Theory analysis using the Rasch model. One parameter (Rasch) analysis and two parameter IRT
analyses produce somewhat different results.

Usage

data(blot)

Format

A data frame with 150 observations on 35 variables. The BLOT was developed as a paper and
pencil test for children to measure Logical Thinking as discussed by Piaget and Inhelder.

Details

Bond and Fox apply Rasch modeling to a variety of data sets. This one, Bond’s Logical Operations
Test, is used as an example of Rasch modeling for dichotomous items. In their text (p 56), Bond and
Fox report the results using WINSTEPS. Those results are consistent (up to a scaling parameter)
with those found by the rasch function in the ltm package. The WINSTEPS seem to produce
difficulty estimates with a mean item difficulty of O, whereas rasch from Itm has a mean difficulty
of -1.52. In addition, rasch seems to reverse the signs of the difficulty estimates when reporting the
coefficients and is effectively reporting "easiness".

However, when using a two parameter model, one of the items (V12) behaves very differently.

This data set is useful when comparing 1PL, 2PL and 2PN IRT models.

Source

The data are taken (with kind permission from Trevor Bond) from the webpage http://homes.
jcu.edu.au/~edtgb/book/data/Bond87.txt and read using read.fwf.

References

T.G. Bond. BLOT:Bond’s Logical Operations Test. Townsville, Australia: James Cook Univer-
sity. (Original work published 1976), 1995.

T. Bond and C. Fox. (2007) Applying the Rasch model: Fundamental measurement in the human
sciences. Lawrence Erlbaum, Mahwah, NJ, US, 2 edition.

See Also

See also the irt.fa and associated plot functions.


http://homes.jcu.edu.au/~edtgb/book/data/Bond87.txt
http://homes.jcu.edu.au/~edtgb/book/data/Bond87.txt
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Examples

data(blot)

#not run

#library(ltm)

#bblot.rasch <- rasch(blot, constraint = cbind(ncol(blot) + 1, 1)) #a 1PL model
#blot.2pl <- 1ltm(blot~z1) #a 2PL model

#do the same thing with functions in psych

#blot.fa <- irt.fa(blot) # a 2PN model

#plot(blot.fa)

bock Bock and Liberman (1970) data set of 1000 observations of the LSAT

Description

An example data set used by McDonald (1999) as well as other discussions of Item Response
Theory makes use of a data table on 10 items (two sets of 5) from the Law School Admissions Test
(LSAT). Included in this data set is the original table as well as the reponses for 1000 subjects on
the first set (Figure Classification) and second set (Debate).

Usage
data(bock)

Format
A data frame with 32 observations on the following 8