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“What is the annotated output for Principal Components Analysis in SPSS?”

The annotated output for Principal Components Analysis (PCA) in SPSS provides a
comprehensive summary of the results from the analysis. It includes a detailed report of the
components extracted, the amount of variance explained by each component, and the factor
loadings for each variable. Additionally, the output also presents graphical representations such as
a scree plot and a component plot, which aid in interpreting the results. The annotated output also
includes statistical values, such as eigenvalues and communalities, that assist in determining the
significance and contribution of each component. Overall, the annotated output for PCA in SPSS
serves as a useful tool for understanding and interpreting the complex results of the analysis.

Principal Components Analysis | SPSS Annotated
Output

This page shows an example of a principal components
analysis with footnotes

explaining the output. The data used in this example
were collected by

Professor James Sidanius, who has generously shared
them with us. You can

download the data set here: m255.sav.

Overview: The "what" and "why" of principal
components analysis

Principal components analysis is a method of data
reduction. Suppose

that you have a dozen variables that are correlated. You
might use

principal components analysis to reduce your 12
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measures to a few principal

components. In this example, you may be most
interested in obtaining the

component scores (which are variables that are added
to your data set) and/or to

look at the dimensionality of the data. For example, if
two components are

extracted and those two components accounted for
68% of the total variance, then

we would say that two dimensions in the component
space account for 68% of the

variance. Unlike factor analysis, principal components
analysis is not

usually used to identify underlying latent variables.
Hence, the loadings

onto the components are not interpreted as factors in a
factor analysis would

be. Principal components analysis, like factor analysis,
can be preformed

on raw data, as shown in this example, or on a
correlation or a covariance

matrix. If raw data are used, the procedure will create
the original

correlation matrix or covariance matrix, as specified by
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the user. If the

correlation matrix is used, the variables are
standardized and the total

variance will equal the number of variables used in the
analysis (because each

standardized variable has a variance equal to 1). If the
covariance matrix

IS used, the variables will remain in their original metric.
However, one

must take care to use variables whose variances and
scales are similar.

Unlike factor analysis, which analyzes the common
variance, the original matrix

in a principal components analysis analyzes the total
variance. Also,

principal components analysis assumes that each
original measure is collected

without measurement error.

Principal components analysis is a technique that
requires a large sample

size. Principal components analysis is based on the
correlation matrix of

the variables involved, and correlations usually need a
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large sample size before

they stabilize. Tabachnick and Fidell (2001, page 588)
cite Comrey and

Lee's (1992) advise regarding sample size: 50 cases is
very poor, 100 is poor,

200 is fair, 300 is good, 500 is very good, and 1000 or
more is excellent.

As arule of thumb, a bare minimum of 10 observations
per variable is necessary

to avoid computational difficulties.

In this example we have included many options,
including the original and reproduced correlation matrix
and the scree plot.

While you may not wish to use all of these options, we
have included them here

to aid in the explanation of the analysis. We have also
created a page of

annotated output for a factor analysis that parallels this
analysis. For

general information regarding the similarities and
differences between principal

components analysis and factor analysis, see
Tabachnick and Fidell (2001), for example.

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=160720
https://scales.arabpsychology.com
https://scales.arabpsychology.com

“What is the annotated output for Principal Components Analysis in SPSS?”

get file "D:dataM255.sav".

factor

/variables item13 item14 item15 item16 item17 item18
item19 item20 item21 item22 item23 item24

/print initial correlation det kmo repr extraction
univariate

[format blank(.30)

/plot eigen

/extraction pc

/method = correlate.
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Descriptive Statistics

Meand | Std. Deviationb| Anakysis M T

INSTRUCYWWELL
FREFARED

INSTRLUC SCHOLARLY
GRASP

INETRLUCTOR
CONFIDEMCE
INETRLUCTOR FOCUS
LECTURES
INSTRUCTOR LISES
CLEAR RELEVANT 417 885 1365
ExAMPLES
INSTRUCTOR SEMSITIVE
TO STUDEMTS 3.93 1.035 13645

4.46 728 1365

483 0o 1364

4.45 432 1364

4.28 829 1364

INSTRUCTOR ALLOWS
ME TO ASK QUESTIONS
INSTRUCTOR IS
ACCESSIBLETO
STUDENTS QUTSIDE
CLASS

INSTRUCTOR AWARE OF
STUDEMTS 37T 984 1364
UNDERSTAMDIMG

I Al SATISFIED WITH
STUDEMNT
FERFORMAMNCE
EVALUATION
COMPARED TO OTHER
INETRUCTORS, THIS 3.81 Aa7 1364
INSTRUCTOR IS
COMPARED TO OTHER
COURSES THIE 3.67 26 1364
COURSE WAS

4.08 A64 1365

378 04 1364

3.81 1.116 1364

The table above is output because we used the
univariate option on the

/print subcommand. Please note that the only way to
see how many

cases were actually used in the principal components
analysis is to include the univariate
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option on the /print subcommand. The number of cases
used in the

analysis will be less than the total number of cases in
the data file if there are

missing values on any of the variables used in the
principal components analysis, because, by

default, SPSS does a listwise deletion of incomplete
cases. If the

principal components analysis is being conducted on
the correlations (as opposed to the covariances),

it is not much of a concern that the variables have very
different means and/or

standard deviations (which is often the case when
variables are measured on different

scales).

a. Mean - These are the means of the variables used in
the factor analysis.

b. Std. Deviation - These are the standard deviations of
the variables used in the factor analysis.

c. Analysis N - This is the number of cases used in the
factor analysis.
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Correlation Matrix®
itemn20
INSTRUCT itern22 [ AM itemn23 itern24
itern17 ORI item21 SATISFIED COMPARED COMPARED
itern15 INSTRUCT iter18 itern19 ACCESSIB | INSTRUCTOR WITH TO OTHER TOQTHER
itern13 item14 INETRUC item16 ORUSES INSTRUCTOR | INSTRUCTO LETO MWARE OF STUDENT INSTRUCTO COURSES
INSTRUC INSTRUC TOR INSTRUCT CLEAR SENESITIVE RALLOWS | STUDENTS STUDENTS FERFORMARN RS, THIE THIZ
WELL SCHOLARLY | CONFIDE | ORFOCUS | RELEWANT TO ME TO ASK QUTEIDE UNDERSTAN CE INSTRUCTO COURSE
PREPARED GRASP NCE LECTURES [ EXAMPLES STUDENTS QUESTIONS CLASS DING EVALUATION RIS WAS
Correlation  itern13 INSTRUGC WWELL
PREFARED 1.000 BE1 i} 566 a77 409 286 304 476 333 Gfid 454
iterm14 INSTRUC
SCHOLARLY GRASP 661 1.000 635 500 652 433 320 315 449 333 565 443
itern15 INSTRUCTOR
COMFIDENCE 600 635 1.000 505 587 457 359 356 509 360 582 435
item16 INSTRUCTOR
FOCUS LECTURES 566 500 405 1.000 506 405 335 nr 452 363 459 430
itern17 INSTRUCTOR
USES CLEAR a77 652 .4887 586 1.000 555 449 417 595 450 613 A2
RELEYANT EXAMPLES
itemn18 INSTRUCTOR
SENSITWE TO 409 433 457 405 555 1.000 827 521 554 536 563 474
STUDEMNTS
itemn13 INSTRUCTOR
ALLOWS ME TO ASK 286 320 359 335 449 B27 1.000 448 499 484 444 374
QUESTIONS
itemn20 INSTRUCTOR
IS ACCESSIBLETO
STUDENTS OUTSIDE 304 Rei k] 256 317 417 A2 446 1.000 425 383 410 357
CLASS
itern21 INSTRUCTOR
AWARE OF STUDENTS 476 449 Rail] 452 595 554 499 425 1.000 a07 508 500
UNDERSTAMDING
itern22 | AM SATISFIED
WITH STUDENT
PERFORMAMGE 333 333 369 363 450 536 484 383 507 1.000 493 444
EVALUATION
fterm23 COMPARED TO
OTHER INSTRUCTORS, 564 565 482 459 613 569 444 410 598 493 1.000 705
THIZ INSTRUCTOR I3
item24 COMPARED TO
OTHER COURSES THIS 454 443 435 430 521 474 374 357 500 444 705 1.000
COURSE WAS

8 Determinant= 002

The table above was included in the output because we
included the keyword

correlation on the /print subcommand. This table gives
the

correlations between the original variables (which are
specified on the

/variables subcommand). Before conducting a principal
components

analysis, you want to check the correlations between
the variables. If any

of the correlations are too high (say above .9), you may
need to remove one of

the variables from the analysis, as the two variables

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=160720
https://scales.arabpsychology.com
https://scales.arabpsychology.com

“What is the annotated output for Principal Components Analysis in SPSS?”

seem to be measuring the

same thing. Another alternative would be to combine
the variables in some

way (perhaps by taking the average). If the correlations
are too low, say

below .1, then one or more of the variables might load
only onto one principal

component (in other words, make its own principal
component). This is not

helpful, as the whole point of the analysis is to reduce
the number of items

(variables).
KMO and Bartlett's Test
Kaiser-Meyer-0lkin Measure of Sampling
Adeguacy. @ 334
Bartlett's Test af Approx. Chi-Square BEYE.T12
Sphericityb df 66
Sig. .0oo

a. Kaiser-Meyer-Olkin Measure of Sampling Adequacy -
This measure

varies between 0 and 1, and values closer to 1 are
better. A value of .6

IS a suggested minimum.
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b. Bartlett's Test of Sphericity - This tests the null
hypothesis that

the correlation matrix is an identity matrix. An identity
matrix is matrix

in which all of the diagonal elements are 1 and all off
diagonal elements are 0.

You want to reject this null hypothesis.

Taken together, these tests provide a minimum
standard which should be passed

before a principal components analysis (or a factor
analysis) should be

conducted.
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Communalities @

Initialb | Extraction©

1.000 T3

iterm13 INSTRLUIC YWELL
FREFARED

itern14 INSTRUC
SCHOLARLY GRASF
itermn1a INSTRUCTOR
COMNFIDEMNCE

itern16 INSTRUCTOR
FOCUSs LECTURES
item17 INSTRUCTOR
USES CLEAR 1.000 BB
RELEVAMNT EXAMPLES
iterm18 INSTRUCTOR
SEMSITVE TO 1.000 J04
STUDEMTS

iterm19 INSTRUCTOR
ALLOWYS ME TO ASIS 1.000 B5g
QUESTIONS

iterm20 INSTRUCTOR
IS ACCESSIBLE TO
STUDENTS QUTSIDE
CLASS

itern21 INSTRUCTOR
ANARE OF STUDENTS 1.000 B01
UMDERETAMDIMG
itern22 [ Al SATISFIED
WITH STUDENT
FERFORMAMCE
EVALUATION

itern23 COMPARED TO
OTHER INSTRUCTORS, 1.000 SBT3
THIS INSTRUCTOR 15

itern24 COMPARED TO
OTHER COLURSES THIS 1.000 408
COURSE WAS

Extraction Method: Principal Component Analysis.

1.000 B30

1.000 6452

1.000 5448

1.000 4494

1.000 Aa7

a. Communalities - This is the proportion of each
variable's variance

that can be explained by the principal components (e.g.,
the underlying latent

continua). It is also noted as h2 and can be defined as
the sum
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of squared factor loadings.

b. Initial - By definition, the initial value of the
communality in a
principal components analysis is 1.

c. Extraction - The values in this column indicate the
proportion of

each variable's variance that can be explained by the
principal components.

Variables with high values are well represented in the
common factor space,

while variables with low values are not well
represented. (In this

example, we don't have any particularly low values.)
They are the reproduced variances

from the number of components that you have saved.
You can find these

values on the diagonal of the reproduced correlation
matrix.
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Total Wariance Explained

Initial Eigenvall.lesliII Extraction Sums of Squared Lnadingsf
Component® Total© % ofvarianced| cumulative %® Total % of Variance | Cumulative %
1 f.2449 52.076 52.076 G.249 52076 52.076
2 1.2249 10.246 B2.322 1.229 10246 62.322
3 718 5.982 62313
4 613 5.109 73423
] AE1 4 676 T8.094
] 403 4182 82,291
T A7 3.927 agE.218
a .388 3.240 a4 458
g 368 3.066 92424
10 328 2.735 452484
11 T 2,645 97.904
12 282 2.086 100.000

Extraction Method: Principal Companent Analysis.

a. Component - There are as many components
extracted during a

principal components analysis as there are variables
that are put into it.

In our example, we used 12 variables (item13 through
item24), so we have 12

components.

b. Initial Eigenvalues - Eigenvalues are the variances of
the principal

components. Because we conducted our principal
components analysis on the

correlation matrix, the variables are standardized, which
means that the each
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variable has a variance of 1, and the total variance is
equal to the number of
variables used in the analysis, in this case, 12.

c. Total - This column contains the eigenvalues. The
first

component will always account for the most variance
(and hence have the highest

eigenvalue), and the next component will account for as
much of the left over

variance as it can, and so on. Hence, each successive
component will

account for less and less variance.

d. % of Variance - This column contains the percent of
variance
accounted for by each principal component.

e. Cumulative % - This column contains the cumulative
percentage of

variance accounted for by the current and all preceding
principal components.

For example, the third row shows a value of 68.313. This
means that the

first three components together account for 68.313% of
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the total variance.

(Remember that because this is principal components
analysis, all variance is

considered to be true and common variance. In other
words, the variables

are assumed to be measured without error, so there is
no error variance.)

f. Extraction Sums of Squared Loadings - The three
columns of this half

of the table exactly reproduce the values given on the
same row on the left side

of the table. The number of rows reproduced on the
right side of the table

iIs determined by the number of principal components
whose eigenvalues are 1 or

greater.
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Scree Plot

Eigenvalue

I I I I I I I I I I
1 2 3 4 3 G T 8 9 10 1 12

Component Number

The scree plot graphs the eigenvalue against the
component number. You

can see these values in the first two columns of the
table immediately above.

From the third component on, you can see that the line
Is almost flat, meaning

the each successive component is accounting for
smaller and smaller amounts of

the total variance. In general, we are interested in
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keeping only those

principal components whose eigenvalues are greater
than 1. Components with

an eigenvalue of less than 1 account for less variance
than did the original

variable (which had a variance of 1), and so are of little
use. Hence, you

can see that the point of principal components analysis
Is to redistribute the

variance in the correlation matrix (using the method of
eigenvalue

decomposition) to redistribute the variance to first
components extracted.

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=160720
https://scales.arabpsychology.com
https://scales.arabpsychology.com

“What is the annotated output for Principal Components Analysis in SPSS?”

Component I'I.I'Iatri:-:EIIJI

Component©
1 2

itern13 INSTRUCWELL
FREFARED

itern14 INSTRUC
SCHOLARLY GRASF
itern1a INSTRUCTOR
CONFIDEMCE

item16 INSTRUCTOR
FOCUS LECTURES
iterm1¥ INSTRLUICTOR
LISES CLEAR 806
RELEVAMNT EXAMPLES
itern18 INSTRUCTOR
SEMSITVE TO .Ja5 366
STUDENTS

itern19 INSTRUCTOR
ALLOWYS ME TO ASK B41 497
QUESTIONS

itern20 INSTRUCTOR
IS ACCESSIBLE TO
STUDENTS QUTSIDE
CLASS

itern21 INSTRUCTOR
AWARE OF STUDENTS JE3
UNDERSTAMDIMG
itern22 [ Al SATISFIED
WITH STUDENT
FERFORMAMNCE
EVALUATION

itern23 COMPARED TO
OTHER IMSTRUCTORS, 818
THIS INSTRUCTOR IS
itern24 COMPARED TO
OTHER COLURSES THIS J14
COURSE WAS

Extraction Method: Principal Companent Analysis.
4. 2 components extracted.

J27 -.444

J24 -.408

T46 -.308

B85

5493 378

B 364

b. Component Matrix - This table contains component
loadings, which are

the correlations between the variable and the
component. Because these are

correlations, possible values range from -1 to +1. On the
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[format

subcommand, we used the option blank(.30), which tells
SPSS not to print

any of the correlations that are .3 or less. This makes
the output easier

to read by removing the clutter of low correlations that
are probably not

meaningful anyway.

c. Component - The columns under this heading are the
principal

components that have been extracted. As you can see
by the footnote

provided by SPSS (a.), two components were extracted
(the two components that

had an eigenvalue greater than 1). You usually do not
try to interpret the

components the way that you would factors that have
been extracted from a factor

analysis. Rather, most people are interested in the
component scores, which

are used for data reduction (as opposed to factor
analysis where you are looking

for underlying latent continua). You can save the
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component scores to your
data set for use in other analyses using the /save
subcommand.

Reproduced Correlations®

itern20
INSTRUCT item22 | A ilem23 itern24
item17 ORI1S iten21 SATISFIED COMPARED COMPARED
itern15 INSTRUCT iterm18 itern19 ACCESSIB | INSTRUCTOR WITH TOOTHER TOOTHER

itern13 iternt 4 INSTRUC itern16 OR USES INSTRUCTOR | INSTRUCTO LETO AMARE OF STUDENT INSTRUCTO COURSES
INSTRUC INSTRUC TOR INSTRUCT CLEAR SENSITVE R ALLOWS STUDENTS STUDENTS PERFORMARN RS, THIS THIS

WELL SCHOLARLY | CONFIDE | ORFOCUS | RELEVANT TO ME TO ASK QUTSIDE UNDERSTAM CE INSTRUCTO COURSE
FREFARED GRASP MNCE LECTURES | EXAMPLES STUDENTS QUESTIONS CLASE DING EVALUATION RIS WUAS

Reproduced Correlationd  itern13 INSTRUG WELL
PREFARED

iterm14 INSTRUC b
SCHOLARLY GRASP 7o 630 666 611 627 387 261 275 498 373 603 515

b
731 alil 681 625 34 385 243 261 495 210 f14 817

itern15 INSTRUCTOR b
CONFIDENCE 681 BER B52 598 R34 451 325 326 528 374 624 531

tem16 INSTRUCTOR b
U LECTURES 825 B11 508 548 582 T 208 300 185 304 573 188
ftem17 INSTRUCTOR .
USES CLEAR B34 627 B34 502 561 570 165 138 501 187 65 575
RELEVANT EXAMPLES
ftem18 INSTRUCTOR .
SENSITIVE TO 385 397 451 414 570 704 868 588 026 625 604 541
STUDENTS
ftem18 INSTRUCTOR .
ALLOWS ME TO ASK 243 261 325 299 465 666 658 568 556 599 505 460
QUESTIONS
ftem20 INSTRUCTOR
16 ACCESEIBLE TO v
e SUToIDE 261 275 326 300 1438 586 568 184 503 524 470 125
cLass
ftem21 INSTRUCTOR .
AWARE OF STUDENTS 195 198 529 185 601 628 558 503 801 506 820 545
UNDERSTANDING
item32 | AM SATISFIED
WITH STUDENT v
PR ORMANSE 310 323 a4 34 487 625 569 524 546 557 518 167
EVALUATION
ftem23 COMPARED TO .
OTHER INSTRUCTORS, B4 609 B4 573 665 604 505 70 620 519 673 564
THIS INSTRUCTOR 15
ftern24 COMPARED TO .
OTHER COURSES THIS 517 515 531 188 575 541 160 125 545 1467 sed 508
COURSE WiAS

Residuali® itern13 INSTRUGC WELL
e EARED -048 -081 -058 057 024 043 043 019 023 -050 -083

item14 INSTRUC
SCHOLARLY GRASF -048 -031 -1 -07a 036 058 040 -049 a1a -.045 -072

itern15 INSTRUCTOR
CONFIDENCE -.081 -031 -.083 -048 006 034 030 -01a -.00& -.041 -.086

itern16 INSTRUCTOR
FOCUS LECTURES -.058 =111 -.083 o4 -010 036 17 -033 a1a -114 -.058

itern17 INSTRUCTOR
USES CLEAR -.057 -075 -.048 004 -016 -015 -021 - 006 -037 -.052 -.085
RELEVANT EXAMPLES
itern18 INSTRUCTOR
BENSITVE TO 024 036 008 -010 -6 -.039 -.085 -07 -.089 -.034 -.087
STUDENTS

item19 INSTRUCTOR
ALLOWS ME TO ASK 043 059 034 036 -0146 -.033 -2 - 087 -115 -.081 -.086
QUESTIONS

item20 INSTRUCTOR

1S ACCESEIBLE TO
STUDENTS OUTSIDE 043 040 030 17 -021 -.085 =121 -078 =14 -.081 -.068

CLABS
itern21 INSTRUCTOR

MMARE OF STUDENTS -019 -0449 -019 -033 - 006 -071 -.057 -078 -040 -.022 -046
UNDERSTANDING

itern22 | AM SATISFIED
?é‘;ig;ﬂa;ﬁg 023 1o -.005 018 -0z7 -.088 -115 -4 -.040 -.026 -022
EWALUATION
item23 COMPARED TO
OTHER INSTRUCTORS, -.050 -045 -041 -114 - 052 -.034 - 081 - 081 -022 - 026 120
THIS INSTRUCTOR |5
item24 COMPARED TO
OTHER COURSES THIS -.0683 -072 -.096 -.058 -85 -.087 -.086 -.088 046 -02z 120
COURSE WAS
Extraction Method: Principal Compaonent Analysis
4. Residuals are cormputed between observed and reproduced correlations. There are 28 (42.0%) nonredundant residuals with absolute values greaterthan 0.05

b. Reproduced communalities

c. Reproduced Correlations - This table contains two
tables, the
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reproduced correlations in the top part of the table, and
the residuals in the
bottom part of the table.

d. Reproduced Correlation - The reproduced correlation
matrix is the

correlation matrix based on the extracted components.
You want the values

in the reproduced matrix to be as close to the values in
the original

correlation matrix as possible. This means that you
want the residual matrix, which

contains the differences between the original and the
reproduced matrix, to be

close to zero. If the reproduced matrix is very similar to
the original

correlation matrix, then you know that the components
that were extracted

accounted for a great deal of the variance in the original
correlation matrix,

and these few components do a good job of
representing the original data.

The numbers on the diagonal of the reproduced
correlation matrix are presented
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in the Communalities table in the column labeled
Extracted.

e. Residual - As noted in the first footnote provided by
SPSS (a.), the

values in this part of the table represent the differences
between original

correlations (shown in the correlation table at the
beginning of the output) and

the reproduced correlations, which are shown in the top
part of this table.

For example, the original correlation between item13
and iteml14 is .661, and the

reproduced correlation between these two variables is
.710. The residual

Is -.048 = .661 - .710 (with some rounding error).
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