An alternative modeling strategy: Partial Least Squares

Dr. Jon Starkweather, Research and Statistical Support consultant.

Partial Least Squares (PLS) modeling is often used as an alternative to traditional modeling
techniques. Unlike traditional modeling techniques which rely upon covariance decomposition,
PLS is a variance based (or components based) technique and does not carry with it many of the
assumptions of covariance methods (i.e. distributional assumptions). It is sometimes considered
an analysis of last resort because large samples are not as necessary with it, and PLS is less
sensitive to multicollinearity. However, PLS is primarily descriptive when used with small
samples and is still constrained with respect to making inferences about parameters when sample
sizes are small. The benefit of having the ability to do descriptive analysis with small samples is
that PLS can fit models with non-linear relationships and non-Gaussian distributions among the
variables in addition to the traditional linear and Gaussian situations.

PLS is also quite versatile; it can be used as a regression technique, a principal components
technique, a canonical correlation technique, or a path modeling (or structural equation
modeling) technique. It is well documented that PLS is biased because the optimization is local
rather than global level; however, as sample size increases PLS becomes less bias. PLS can be
used to make inferences about parameters when sample sizes are large. PLS is often used when
other methods fail (i.e. a slightly biased estimate is better than no estimate).

As an example, we will first model a simulated data set using traditional modeling techniques
using a popular method and package. John Fox’s (2010) package 'sem’ is one of the more
established modeling packages in R and will be used here to demonstrate how certain data sets
do not converge on a specified model.

Example

First, import the data from the internet and run the ubiquitous ‘head’ function to get a look at the
data. The example data contains 20 variables (v1 —v20) and 1000 cases. Here we will name the
data ‘pls.data’.


http://cran.r-project.org/web/packages/sem/index.html
http://www.unt.edu/rss/class/Jon/R_SC/Module8/PLSdata001.txt
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> pls.data <- read.table("http://www.unt.edu/rss/class/Jon/R_SC/Modulel/PLSdatal0l.txt",
+ header=TRUE, sep=",", na.strings="NA", dec=".", strip.white=TRUE)

> cov.m <- cov(pls.datal[,4:23])

> head(pls.data)

id sex age vl V2 v3 4 5 Ve w7 v
30 131.11743 59%.51358 25.94516 73.32716 57.45567 46.63123 44.5583Z €3.805%5
27 B87.99%215 485.3%060 31.23116 S92.53837 79.06543 485.73282Z 35.40678 €0.67488
36 54.41560 52.77620 21.57114 63.59395 45.643%4 29.875916 23.38897 52.36779
27 B80.612%0 46.07760 30.65801 71.62%71 65.66272 33.55456 35.87245 44.09138
27 107.70663 58.615991 25.66450 86.68273 74.67492 44.21711 42.31820 54.76€483
35 129.69572 60.33568 27.04439 72.06893 71.33584 54.55530 36.40072 54.02113

v9 v10 v1ll vliz v13 v14 v15 vlie w17

24.72150 24.46817 60.57330 101.034%¢6 50.77800 22.99464 23.08530 50.23240 97.58174

24.989%40 22.37192 51.07190 96.25460 61.19%011 22.6562% 23.96417 48.62368 93.85276

.15046 18.2%899% 42.41373 62.57547 37.41148 14.9%5853 18.57941 35.64330 63.71728

17.38695 16.32546 36.46037 ©£8.30067 40.23851 20.07501 20.10772 42.83935 €9.43062

22.91687 20.71210 49.89569 90.71575 60.32451 22.93967 22.01327 47.12148 100.03622

25.82321 25.31235 59.92794 71.9798¢ 58.56063 23.23412 23.16468 55.0316e5 94.96685

v1l§g v1% v20

56.05315 22.107%8 €0.62849

64.78140 23.948%96 45.84800

38.33542 15.77232 36.45215

46.78583 16.48520 35.31118

61.12789% 23.67255 45.03366

61.35238 25.06159 52.53633
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Next, create a covariance matrix object which will be passed on to the ‘sem’ function. The
covariance object is named ‘cov.m’ (some of the matrix in the image below is not shown).
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> cov.m <- cov(pls.datal[,4:
> cov.m

vl w2
vl 225.0000000 82.4458532
w2 82.44585%32 56.2500000
v3 0.e275042 0.7103732
w4 -4.1627721 -2.0172558
w5 0.3620107 0.3207556
ve 51.5057852 22.84182006
w7 38.6329385 16.1557877
v 50.6107546 23.1435219
w9 28.4324332 12.810152¢
v10 25.43551%0 11.2221589
v1ll 4%.0456078 21.3374561
v1l2 45.2919591 19.2186731
v13 33.4545605 14.9415087
v1l4 13.4705705 5.5531698
v15 12.0ele551 5.3743438
vlie 40.698019%4 18.07316Z6
v1l7 53.8815359 41.6372802
v18 53.2273603 23.4027734
v19 19.72643%6 B5.3296843
vZ0 41.0924684 17.4708487

v9 v10

vl 28.432433 25.439519 45.
vZ 12.810153 11.22215% 21.
2 A N0 2 T72ACOE 7

231)

w3
0.6275042
0.7103732
14.0625000
18.6872073
21.1108057
8.22159733
5.8765015
5.4056053
4.3032578
3.7345258
7.3816034
8.5226206
7.3464097
6.269922¢
5.6847087
10.765%0379
24 .2%68475
14.4123724
5.3515471
10.80%94127
wvll

045608 45.
337456 15.

20T aEn 1a

Next, load the ‘sem’ package by typing:

measurement model (i.e. confirmatory factor model). The model specification syntax is given
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library (sem) inthe R console. Then, specify the sem

below (not in an image) due to its length.

measurement.model <- specify.model ()

Fl
Fl
E2
F2
F2
F3
F3
F3
F3
F3
F3
F4
F4
¥4
¥4
F5
EF5
EF5
F5
F5
vl
v2
v3
v4
v5
V6o
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->
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->
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->

v

1, lamll,

v2, laml2,
v3, lam21,
v4, lam22,
v5, lam23,

v

6, lam31l,

v7, lam32,

v
v
v
v
v
v
v
v
v
v
v
v

8, lam33,
9, lam34,
10, lam35,
11, lam3e6,
12, lamédl,
13, laméd?2,
14, lam43,
15, lamé4,
16, lamb1,
17, lamb52,
18, lamb3,
19, lamb54,

v20, lamb5,

vl, varl,
v2, varz,
v3, var3,
v4, vari4,
vb, varb,
v6, vare,

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA



vl <-> v7, var7, NA
v8 <-> v8, wvar8, NA
v9 <-> v9, var9, NA

v1l0 <-> v10, varl0, NA
vll <-> v1l, varll, NA
vl2 <-> v12, varl2, NA
vl3 <-> v13, varl3, NA
v1ld <-> v14, varl4d, NA
v1l5 <-> v15, wvarlb, NA
vle <-> vle6, varl6, NA
vl7 <-> v17, varl7, NA
vl8 <-> v18, wvarl8, NA
v1l9 <-> v19, varl9, NA
v20 <-> v20, var20, NA
Fl <-> F2, covl, NA

Fl <-> F3, cov2, NA

Fl <-> F4, cov3, NA

Fl <-> F5, cov4, NA

F2 <-> F3, cov5, NA

F2 <-> F4, cov6, NA

F2 <-> F5, cov7, NA

F3 <-> F4, cov8, NA

F3 <-> F5, cov9, NA

F4 <-> F5, covl0, NA
Fl <-> F1, NA, 1

F2 <-> F2, NA, 1

F3 <-> F3, NA, 1

F4 <-> F4, NA, 1

F5 <-> F5, NA, 1

Next, we run the measurement model; but unfortunately, it does not converge.

B Bkl
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> sem.model.l <- semi(measurement.model, cov.m, 1000, maxiter = 10000)
Warning message:
In sem.default(ram = ram, S = 5§, N = N, param.names = pars, Var.names = Vars,

Could not compute QR decomposition of Hessian.
Optimization probably did not converge.

> |

So, we detach the ‘sem’ package using the following command: detach (“package:sem”) and
decide to use a PLS strategy. The ‘plspm’ package (PLS Path Modeling; Sanchez & Trinchera,
2010) provides functions for conducting and graphing a variety of PLS techniques; such as PLS
regression with a single outcome, PLS canonical correlation, PLS regression with multiple
outcomes (similar to canonical correlation, but with directionality implied between the two
composite variates), PLS principal components analysis, and PLS path modeling (i.e. SEM).

PLS Path Modeling

Load the package (which three dependencies [amap, diagram, shape]).


http://cran.r-project.org/web/packages/plspm/index.html
http://cran.r-project.org/web/packages/plspm/index.html
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> library (plspm)

Loading required package: amap
Loading regquired package: diagram
Lording required package: shape

>

First, we must create a matrix which expresses the inner (structural) model; this model simply

shows the relationships among the latent variables; where the column variable ‘causes' the row

variable(s) if a 'one' is in the intersecting cell (e.g. f1 and 2 cause f3 --> columns 1 and 2 cause
row 3).
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> inner.matrix <- matrix(c(0, 0, 0, 0, 0O,
L 0, 0, 0, 0, 0O,

+
+
+ 0, 0, 1, 1, 0), 5, 5, byrow = TRUE)
> dimnames (inner.matrix) <- list(ec("fi1i", "f2", "f£3", "f4", "f5"),
+ c("EL™, mEzv, ME3T, mE4m, wESHY))
> inner.matrix

£f1 £f2 £3 f4 f£5
f2 0 0 0 0
£2
£3
£4
£5
8

oo o
oo o oo

0
1
1
0

oo

0
0
0
1

Next, create the list which expresses the outer (measurement) model; this model simply shows
the relationships between the manifest variables and the latent variables (e.g. variables v1 and v2
are related to the first factor [f1]). Although we create a list object in R, this is often referred to
as the outer matrix in the PLS literature.
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> puter.list <- list(e(1,2), <(3,4,5), c(&,7,8,%,10,11), eo(12,13,14,15), c(16,17,18,19,205%
> outer.list

[[111

[1] 1 2

[rz11
[1] 3 4 5

[[31]
[11 & 7 8 &5 10 11

[[4]1]
[1] 12 13 14 15

[[5]1]
[1] 1e 17 18 1% 20

> |




Next, create a vector which identifies the "mode" of indicators which were used (i.e. "A" for
reflective measurement or "B" for formative measurement). Recall, 'Reflective’ measurement is
said to occur when each manifest variable is "caused by" a latent variable and 'Formative'
measurement is said to occur when each manifest variable "causes” the latent variable. Below, all
5 latent variables in our model are "reflectively” measured (i.e. each latent causes the observed

scores on the manifest variables).

'R R Console
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> mode.vec <- c("A", "A", "A", "A", "A")
> mode.vec

[1] ™am™ "a™ "a" "aA" "an

> |

o = o

Finally, we can run the Partial Least Squares Path Model. One of the benefits of using the
‘plspm’ package rather than one of the other PLS packages available in R, is that the ‘plspm’
package offers some very easy to use and interpret output. Each function provides a description

of the function’s output items and shows how to extract or reference them.

S 2 - 2w
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pls.model.
pls.model.

PARTIAL LEAST SQUARES PATH MODELING (PLS-FM)

Results available in the following ocbjects:

Name Description
1 "Souter.mod" "outer model™
2 "Sinner.mod" "inner model™
3 "Slatents" "scaled LVs"
4 "Sscores” "LVs for scaled=FALSE"
5 "Sout.weights" "outer weights"
[ "$loadings™ "loadings"
7 "Spath.coefs” "path ceoefficients matrix"
8 "Sr.sqgr” "R-sguared"”
S "Souter.cor" "outer correlations”
10 "Sinner.sum" "summary inner model”
11 "Seffects"” "total effects”™
1z "Sunidim” "unidimensionality"
13 "Sgof™ "goodnes-of-fit™
14 "Sdata" "data matrix"

You can also use the function 'summary'

> |

> 1 <- plspm(x = pls.datal,4:23], inner = inner.matrix, outer
+ scheme = "factor", scaled = TRUE, plsr = TRUE, tol = 0.00001, iter
> 1

A
outer.list, mod$

100)

Using the ‘summary’ function on a ‘plspm’ object provides a well-documented and indexed
summary of the analysis’ output. Below you can see that the current summary provides a very
thorough summary with labels for each element which makes interpretation very straighforward.
In fact, the output (from the ‘summary’) is so large that is necessitates four screen capture

images to display it all here.
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> summary (pls.model.l)

PARTIAT, LEAST SQUARES PATH MODELING (PLS-PM)
MODEL SPECIFICATION
1 Number of Cases 1000
2 Latent Variables 5
3 Manifest Variables 20
4 Scale of Data Standardized Data
5 Weighting Scheme factor
6 Tolerance Crit 1le-05
7 Max Num Iters 100
8 Convergence Iters 3
S Paths by PLS-R TRUE
10 Bootstrapping FALSE
11 Bootstrap samples NULL
BLOCKS DEFINITION

Block Type NMVs Mode
1 fi Exogenous 2 Reflective
2 f2 Exogenous 3 Reflective
3 £3 Endogenous 5] Reflective
4 f4 Endogenous 4 Reflective
5 £5 Endogenous ) Reflective

BLOCKS UNIDIMENSIONALITY

Type.measure MVs C.alpha DG.rho eig.lst eig.
f1 Reflective 2 0.846 0.928 1.73 0
£2 Reflective 3 0.778 0.871 2.08 0
£3 Reflective [ 0.8853 0.913 3.83 o]
£4 Reflective 4 0.8%0 0.924 3.02 o]
£3 Reflective 5 0.918 0.939 3.78 o]

2nd

L2867
.566
.618
.472
.431

OUTER MODEL
weights std.loads

communal redundan

fil
vl 0.570 0.940 0.883 0.000
vZ 0.504 0.922 0.849 0.000
£2
v3 0.374 0.826 0.682 0.000
v4 0.328 0.761 0.579 0.000
v5 0.489 0.s%02 0.814 0.000
£3
ve 0.222 0.846 0.71¢ 0.531
v7 0.152 0.760 0.578 0.429
v 0.168 0.673 0.453 0.336
v9 0.251 0.8%6 0.803 0.5%6
v10 0.221 0.838 0.703 0.521
v1ll 0.150 0.759 0.576 0.427

m

Continued below.
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vg 0.251 0.896 0.803 0.59%6

v10 0.221 0.838 0.703 0.521

vil 0.190 0.759 0.576 0.427
£4

viz 0.238 0.781 0.611 0.455

v13 0.328 0.923 0.852 0.650

vli4d 0.305 0.505 0.820 0.664

v1s 0.274 0.856 0.733 0.594
£5

vle 0.206 0.814 0.663 0.577

v17 0.263 0.5943 0.888 0.772

vls 0.248 0.510 0.828 0.720

vl 0.222 0.860 0.740 0.643

v20 0.208 0.813 0.661 0.575
CORRELATIONS BETWEEN MVs AND LVs

f1 £2 £3 £4 £5

f1

vl 0.%355 -0.0026 0.665 0.322 0.518

v2 0.5%216 0.003% 0.587 0.279% 0.452
£2

v3 0.0191 0.8256¢ 0.414 0.609% 0.550

v4 -0.0261 0.7608 0.353 0.539% 0.465

v5 0.0039 0.5025 0.542 0.75%5 0.710
£3

vE 0.5821 0.4506 0.84¢ 0.664 0.739

v7 0.4865 0.3%42 0.760 0.57% 0.648

e 0.4216 0.3724 0.673 0.48% 0.563

w5 0.6471 0.49%53 0.8%¢ 0.756 0.845

v10 0.5736 0.451% 0.838 0.664 0.734

v1il 0.4886 0.3846 0.759 0.568 0.637
£4

viz 0.2511 0.5540 0.565 0.781 0.639

v13 0.3034 0.7%05 0.768 0.%23 0.869

vl4 0.2950 0.726% 0.722 0.%05 0.812

v15s 0.2732 0.657% 0.647 0.856 0.72¢
£5

v1le 0.40591 0.5527 0.674 0.653 0.814

v17 0.5305 0.6%52 0.872 0.874 0.9543

vls 0.4754 0.6670 0.818 0.82% 0.9510

vl 0.4365 0.5974 0.735 0.738 0.860

v20 0.4053 0.5357 0.654 0.650 0.813
INNER MODEL
SE3

concept wvalue

1 RZ 0.741%
2 Intercept 0.0000
3 path_f1 0.6743
4 path_f£2 0.5355

m

Continued below.
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5£3

concept
1 RZ
2 Intercept
3 path_f1
4 path_f£2

Sf4

concept
1 RZ
2 Intercept
3 path_f£2
4 path_f£3

S5

concept
1 RZ
2 Intercept
3 path_f£3
4 path_f£f4

value
0.741%
0.0000
0.6743
0.5355

value
0.8105
0.0000
0.5238
0.5036

value
0.86595
0.0000
0.4773
0.5099

CORRELATIONS BETWEEN LVs

f1l £z £f3 f£4 £3
£1 1.0000 0.0005 0.&73 0.324 0.5Z23
£2 0.0005 1.0000 0.53e 0.794 0.706
£f3 0.e74e 0.535%9 1.000 0.784 0.877
f4 0.3243 0.7%3¢ 0.784 1.000 0.884
£5 0.3231 0.70e0 0.877 0.884 1.000
SUMMARY INNER MODEL

LV.Type Measure MVs R.square Av.Commu Awv.Redun

f1 Exogen Rflct 2 0.000 0.B8e66 0.000
f2 Exogen Rflct 3 0.000 0.692 0.000
£f3 Endogen Rflct ] 0.742 0.638 0.473
f4 Endogen Rflct 4 0.810 0.754 0.el1l
£f5 Endogen Rflct 5 0.870 0.756 0.e57
GOODNESS—-OQOF-FIT

GoF value
1 Absolute 0.7632
2 Relative 0.9754
3 Outer.mod 0.995%¢
4 Inner.mod 0.9758
TOTAL EFFECTS

relationships dir.effects ind.effects tot.effects

1 fl-»£2 0.000 0.000 0.000
2 f1->£3 0.674 0.000 0.674
3 fl->f4 0.000 0.340 0.340

i

Do oOQ

AVE
ge6

. 692
.638

754

. 756

m

Continued below.



3 Outer.mod 0.9%%56
4 Inner.mod 0.9%758

TOTAL EFFECTS
relationships dir.effects ind.effects tot.effects

1 f1->f2 0.000 0.000 0.000
2 f1->£3 0.674 0.000 0.674 =
3 f1->f4 0.000 0.340 0.340
4 f1->£5 0.000 0.4595 0.455
5 f2->£f3 0.536 0.000 0.536
[ f2->f4 0.524 0.270 0.793
7 f2->f5 0.000 0.660 0.660
8 £3->f4 0.504 0.000 0.504
S £3->f5 0.477 0.257 0.734
10 f4->f5 0.510 0.000 0.510
>

s

Another big advantage to using the ‘plspm’ package (rather than others available for PLS
modeling) is the ability to produce a path diagram based on the model fitted.
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> plot(pls.model.lﬂ
> |

R R Graphics: Device 2 (ACTIVE e
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Inner Model
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Another advantage to using the ‘plspm’ package is the ability to conduct bootstrapped validation
of'a PLS path model using the ‘boot.val’ optional argument to the ‘plspm’ function.

Recor -
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> pls.model.2 <- plspm(x = pls.datal,4:23], inner = inner.matrix, outer = outer.list, mod$
+ scheme = "factor"™, scaled = TRUE, plsr = TRUE, boot.val = TRUE, br = 200, tol = 0.008%
> pls.model.2

PARTIAI, LEAST SQUARES PATH MODELING (PLS-PM)

Results available in the following objects:

OO0 =] Ry L0 L B

10
11
12
13
14
15

> |

Name

"Souter .mod"
"Sinner .mod"
"Slatents”
"Sscores”

"Sout.weights"

"Sloadings"
"Spath.coefs"”
"Sr.sgr"
"Souter.cor
"Sinner.sum
"Seffects”
"Sunidim”
"Sgof™
"Sboot™
"Sdata”

"

"

Description

"outer model™

"inner model”

"scaled LVs"™

"1LVs for scaled=FALSE"
"outer weights"
"loadings™

"path coefficients matrix™
"R-squared"”

"outer correlations™
"summary inner model”
"total effects”
"unidimensionality™
"goodnes—of-fit"
"bootstrap results”
"data matrix"

You can also use the function

'summary’

Notice in the above table, there is a “$boot” element in the output. The rest of the output is

identical to what was displayed above. The “$boot” element contains the cross validation output,

which is the only part of the output displayed below.




File Edit Misc Packages Windows Help Vignettes
10 f4->»f5 0.510 0.000 0.510 i
BOOTSTRAP VALIDATION
weights

Original Mean.Boot Std.Error perc.05 perc.9%5
vl 0.570 0.571 0.00873 0.557 0.58¢
w2 0.504 0.503 0.00764 0.491 0.51¢
v3 0.374 0.375 0.00976 0.358 0.3%0
w4 0.328 0.327 0.01060 0.310 0.343
w5 0.489 0.4%0 0.01127 0.472 0.509
v 0.222 0.222 0.00372 0.216 0.228
w7 0.1%2 0.1%2 0.00401 0.186 0.198
v 0.168 0.168 0.00527 0.160 0.176
w9 0.251 0.251 0.00440 0.243 0.258
v10 0.221 0.221 0.00381 0.215 0.227
v1ll 0.189 0.1%0 0.00416 0.183 0.157
v1z 0.238 0.238 0.00434 0.231 0.245
v13 0.328 0.328 0.00375 0.321 0.334
v14 0.306 0.305 0.00343 0.300 0.311
v1s 0.274 0.275 0.0035% 0.269 0.280
v1ie 0.206 0.206 0.00264 0.201 0.209
v17 0.263 0.263 0.00257 0.258 0.268
v1g 0.248 0.248 0.00265 0.244 0.252
v19 0D.222 0.221 0.00272 0.217 0.225
v20 0.208 0.208 0.00277 0.204 0.213
loadings

Original Mean.Boot Std.Error perc.05 perc.%5
vl 0.939 0.939 0.00357 0.933 0.94535
vZ 0.%922 0.%21 0.00566 0.91z2 0.930
v3 0.82¢ 0.82¢ 0.011e8 0.806¢ 0.5844
v4 0.761 0.759 0.01e83 0.731 0.78¢
V5 0.%02 0.%03 0.00522 0.855 0.912
ve 0.84¢ 0.84¢ 0.0083%5 0.831 0.861
v 0.760 0.760 0.01558 0.733 0.785 ]
a8 0.873 0.873 0.02030 0.540 0.705
v9 0.8%6 0.8%6 0.005%58 0.886 0.505
w10 0.838 0.838 0.01008 0.820 0.853
w1l 0.759 0.758 0.014z253 0.735 0.780
w12 0.781 0.782 0.01203 0.762 0.802 c
w13 0.523 0.523 0.00453 0.5916 0.530 1
w14 0.505 0.505 0.00450 0.857 0.913
w15 0.856 0.857 0.00%22 0.841 0.872
vle 0.815 0.814 0.01043 0.7%6 0.829
w17 0.543 0.543 0.00283 0.538 0.547
w18 0.510 0.50% 0.00521 0.501 0.518 L4
w19 0.860 0.859 0.00871 0.845 0.872
w20 0.813 0.813 0.01042 0.7%6 0.831
paths

Original Mean.Boot Std.Error perc.05 perc.S5

f1->£3 0.674 0.673 0.0151 0.c48 0.658 il
« »

Continued below.
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loadings

Original Mean.Boot Std.Error perc.05
vl 0.939 0.939%9 0.00357 0.933
vZ2 0.%22 0.%21 0.00566 0.%12
v3 0.826 0.826 0.011e68 0.806
4 0.761 0.759 0.01683 0.731
v5 0.%02 0.%03 0.00522 0.855
Ve 0.84¢ 0.84¢ 0.00835 0.831
w7 0.7c0 0.760 0.01558 0.733
v 0.673 0.673 0.02030 0.640
sl 0.89%6 0.896 0.00598 0.886
v10 0.838 0.838 0.01008 0.820
v1l 0.759 0.758 0.01425 0.735
vl1z2 0.781 0.782 0.01203 0.762
vl3 0.%923 0.%923 0.00453 0.%1e
vi1i4d 0.905 0.%05 0.00450 0.857
vls 0.856 0.857 0.00522 0.841
vle 0.815 0.814 0.01043 0.7%6
v17 0.943 0.943 0.00283 0.938
vl1g 0.510 0.50% 0.00521 0.501
v1l% 0.8c0 0.859 0.00871 0.845
v20 0.813 0.813 0.01042 0.79%6
paths

Original Mean.Boot Std.Error perc

f1->£3 0.674 0.673 0.0151 0.
f2->£f3 0.536 0.536 0.0170 o
f2->f4 0.524 0.526 0.0152 o
f3->f4 0.504 0.502 0.0151 o
£f3->£f5 0.477 0.477 0.0178 o
f4->f5 0.510 0.510 0.0174 0
rsg

Original Mean.Boot Std.Error perc.05S
£3 0.742 0.741 0.01346 0.721
£4 0.811 0.811 0.008%1 0.7%¢e
£5 0.869 0.869 0.00612 0.859
total.efs

Original Mean.Boot Std.Error perc

fl->f2 0.000 0.000 0.0000 0.
f1->£3 0.674 0.673 0.0151 0
fl1->f4 0.340 0.338 0.013¢ 0
f1->f5 0.455 0.493 0.0147 0
f2->f3 0.536 0.536 0.0170 0
f2->f4 0.793 0.785 0.011z2 0.
f2->f5 0.660 0.661 0.0136 0
f3->f4 0.504 0.502 0.0151 o
£f3->£f5 0.734 0.733 0.0114 o
f4->f5 0.510 0.510 0.0174 o
>

F]

perc.95
0.945
0.930
0.544
0.786
0.91z2
0.8l
0.785
0.705
0.905
0.853
0.780
0.802
0.930
0.913
0.872
0.829
0.947
0.918
0.872
0.831

.05 perc
648 1]
.507 1]
.501 1]
.476 1]
.448 1]
.485 1]
perc.95
0.763
0.82e
0.879

.05 perc
000 0.
. 648 1]
.314 a
L4659 1]
.507 0
176 0.
. 638 1]
.476 1]
.713 1]
.485 1]

.95

. 658
.563
.551
.523
.503
.538

.95
000

. 658
.358
.515
.563

514

. 683
.523
. 749
.538

m

Interpretation was excluded from this article because the output of the functions covered is
considered fairly intuitive. However, if one would like more information on interpreting PLS

models, see Chin (2010).

Until next time, I’1l drive my Chevy to the leeve..
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