Basic Path Modeling with SmartPLS

(register and obtain free SmartPLS
software at http://www.smartpls.de)

More information about SEM
seminars at http://www.PLS-SEMinars.com
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Start SmartPLS
& Workspace Launcher et 88 e

aelect a workspace

SmartPL5 stores multiple projects in a "workspace” folder.
Cheoose a certain workspace folder for your current 5martPLS session,

Workspace: C\Program Files\SmartPL52\workspace b Browse...

D Use this as the default and do not ask again

[ ok ][ cConce




Start SmartPLS
@ Workspace Launcher @

aelect a workspace

SmartPL5 stores multiple projects in a "workspace” folder.
Choose a certain workspace folder for your current SmartPLS session,

Workspace: Ch\Program Files\5martPL52\5martPL5-online - Browse..,

| Use this as the default and do not ask again

[ CHE 1 | Cancel




Welcome Screen

& SmartPLS [C\Program
File Window Help

h

~

SmartPLS 2.0 M3 Release:

Algorithm Parameter Settings Wizard
Moderating Effects
New: Blindfolding

PLS-Report: Cross Ioadings, Communality, Redundancy,

ew and Noteworthy !

Simply close this tab

Cronbach's Alpha

Workspace Selector
New: Cutline Window
Indicatars Window
Improved Report Editar
Bootstrapping
Improved Data Editor
Model Editor

New: Report Menu

Bugfixes

Algorithm Parameter Settings Wizard

settings dialog pops up for every SmartPLS computation.

Run the Bootstrapping Algorithm
Applies the standard bookstrapping procedure,

We enhanced usahility of parameter settings. The settings button in the task bar is removed. Instead, a parameter

i >




Main Window

@& SmartPLS [C:A\Program ﬁles}E_mﬁLEWgnﬁﬁ] ——

File Window Help

‘q-

o & = O =0
1 Outline 23 ]

An outline is not available.

O Indicatursi () ET El‘ = O




Create New Project

S S O Prog g e e L chli s

[Fite] Window Help

Clase

Claze A

Create Mew Project

| (5 Defaut |

Cpl

el + SR

. Save
e nll

Gt +3

[t 3Rttt +5

g2g Import...
5 Export...

Switch Workspace...

Exit

O Indicators

=gt gy T 0




Create TAM Project

ﬁ SmartPLS [C\PraarasnEiles) S oI T ATy T T =~
Eeminasy
Create a project

- Brojects Creates a SmartPLS project.

Project name: TAMi
O Outline 3
An outlineis not o i

Import indicator data,
[ Indicators

<Back | Net»> || Finsh || Gancel




Technology Acceptance
Model (TAM) |

= Predicts Users’:
Intentions to use technology
Intentions predict usage

= Belief Constructs and Attitudes
Perceived usefulness
Perceived ease of use
Attitude towards using

Smare p
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Technology Acceptance
Model (TAM) Looks Like j

Perceived
Usefnlness
F
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Saudi Arabia Project Data

= Comprehensive study of technology usage in Saudi

Arabia
1,190 completed surveys - white-collar workers

Multiple industries and companies

Government (public sector) and Private (corporations)
Captured numerous user acceptance constructs

Target technology was use of “desktop computers for any

work-related purpose”

Smare p
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Import Model Indicator Data (.csv)
R ——

I_:_i I_e '.'".f_ i n_l:I ow ﬁ

o Praeris Please enter the path to a file which contains indicator data. The file will be copied to the
i workspace,

Currently SmartPL5 supports the import of comma-geparated-value (CSV) files.
The file should contain indicator names in s first line.

01 Outline &2

File name:  ChUsershjeff\Desltop’ SrmartPLS-0ctd-10-2000% SmartPLS-online-1.csv E]
An outline is not 8-

1 Indicators

< Back ” Mext = ] |_ Finish -l ’ Cancel




Missing Values

€F SmartPLS [C:\Program Files\,

File Window Help

O Projects

1 Outline 3

An outlineis not @

£ Indicators

P
& e
Missing Yalues Settings
Missing value settings
The indicator data contains missing values,
Missirig Walue i-l.lf]
<Back | Net> || Finish || Cancel




Main Window

| & SmartPLs [C)\Program Files\SmartPLS2\SmartPLS-online] - I _— _ B

| File  Window Help

4 (T Detack)
‘m} B g = O =
r,] TAM

1 Dutline &3 | = (10|
An oltline is not available.

Click here

= Indicators| @ ET El' =0




Open Data File

. - ol — i — — |
ﬁ SmartPL5 [C.}ngra_lzl _Flle.f‘.'!.SmartP!_S_E_‘l._S._ma.rl:.PLS :ﬂpe]_ a =

| File Window Help

. 2|
E brajets =i =0 =5
-5 TAM
&7 TAM.splsm

P E SmaaPLS-unline-l.cw

O Qutline &3 = |

&n outline is available,

Double-Click on -CSV file
|

El Indicatcrr5| @ Eromle= 0




Data File Contents

ﬁ SmartPLS [C '\.ngram Flles"..SmartP!_SE‘l.SmarHJLS %HEJ a l E=rr s

| File Window Help
[ | Default |
ﬁpm B i T 0| Bl *SmartPLS-online-1.cav EE| SEm
-] TAM Contents of file: Choose delimiter;
...... ?C_ TAM.splsm OBS . USEF1,USEF2, USEF3, USEF4  USEFS, EOUL . EQUZ EOT.  Comma
g P — e il o o ;
] martPLs-online-1.cs e G s B e e e e A Semicolon
= = e Elle Elle i Pl S ot Tl ol B B ol ElEl -l Bl B I TS S S0 Space
Iilout|ine23| sz | Rt B B A5 B B B 00 A B B B e B
s =T Lnininiaiaiainin e alnialn g A A A A G Tabulator
n outline is not available. N B N B R S S S B T B R R
e e e e e e <A e ) S0 S S e
873 R IR R R 6. 6.5.5
‘| = | z Validate

— Preview:
O Indicaters [ ET E# i el
OBS USEFL USEF2 LISEF3 LSEF4 LUSEFS ECLL EOLI2 F

m

e N L B [ R
L N NS [ N i SO [ WO I =
B B B I -,
o L L = T = (W
L e N QS (L .
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A L L T = T - =
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Missing Values:

[ The indicator data contains missing values.
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Open Drawing Window (.splsm)

& SmartPLS [Ci\Program Files\SmartPLS2\SmartPLS-online] B

File View Selection Calculate Repot Window Help

R ~ | & | 50| @~ - ||’§]|\q‘jr a® 1 Default

= Projects| # Bi = 0| Bl *SmartPLS-online-1.csv S TAM.splsm 53 -0
= i |
87 TAMgplsm
Jiny E] Sma%‘LS-Dnline-l.cw
| |

E Outline 2

Double-Click on .splsm

1 Indicators

W24 A
3t g) = O

-~

[1] ATTL
[1] ATT2
-[T] ATT3
-.[I] ATT4
.[1] ATTS
-[i] BIL

-.[1] BI2

..[1] BB

-[1] EOUL
-[i] EQU2
- [i] EQU3
-[1] Eoud
-.[T] EOUS

-[1] QBS
..[1] USEL

Data Fields in .csv file




TAM Model

PTIETE xoE w ) MR -uﬁm‘-—u—i*-—l—"
&5 SmartPLS [C\Program Files\SmartPLS2\SmartPLS-onling] - . . s=ni=)
File. View Selection Calculate Report Window Help
T B | EMm| &~ D= Rg T | E Default
| O Projects| Blgl T O E] SmartPLS-online-1.csv |§< *“TAM.splsm &2 . = =
23 TAM '
: Bl2
B TAM.splsm Bl1
.2 SmartPLS-online-1.csv “
'] Outline 2 _
- PUSE
- PEOU
(D Bl =g
e
=60 USE i
E Indicators | & ET EJ, =8
- USE3
"""" =
------ _ :
ATTE
-----
..... i ATT4
ATTZ2 ATT3
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Selection Mode

S\ilectlon\tgilon Ecye/t/fn Modes

Insertion Mode

Connection Mode

ﬁ SmartPLS\F‘-.ngram Files\Sma LSE\SmartPi_S—

= |[=]

File | View | Sklection

Calcula

Repcrrt Win

Q- QSSWltch to Selectioy Mode

::E

@] Switch to Insertion Mode
@/@ Switch to Connection

-online-1.csv

'*“ ZoomIn Ctrl+Alt+=
=, Zoom Out Ctrl+<
L Grid ]
4 Snap to Geometry
@@ PUSE « ||| Userz
G-¢5 PEOU =
+.;:;. EI (= USEF3
- @ ATT
&-@ USE | USEF4
= Indicators | 2 ET %* =0 | USEF&
..... [ AT
nly —
o
-..[E] EO 1
_____ o o
[ EC
..... [ us
-
[ USE4
IIl USEF] | =

_'K “TAM.splsm £

PECU

h

ATT1

Bl1

ATT4

USE

ATTS

1
]

USE1

USEZ

USE3

USE4




Selection, Insertion,
Connection Modes

= Selection Mode
To select items in the drawing window

* [nsertion Mode
To drag and drop new latent variables

= Connection Mode
To add paths to the model.

Smare p
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Calculate: Bootstrapping and PLS Algorithm

Bootstrapping

PLS Algorithm

— SR e i H == — P‘.‘ z e . e SRS —
5 SmartPLS [C\Program Files\d madPLSE\Smar{PLS—onIM/ = |‘:'—|EI|$J
File View Selection Calcurt_e] Report Wi Help
] <2 . 100% @2 PUSAlgorithm G~ |[Re P =i [ Default
— ; ] | FIMIX-PLS . : . 8 =
1 Projects | = . tartPLS-unIme-l.cw S *TAM.splsm £ O
— BT Bootstrappin T
B 1AM = Blindf |dFtp : I BI2
LB TAM.spleml 22 S : Bl
L SmartPLS-online-1.csv “
= - ! USEF1
{3 Outline &3 =0
-3 PEQU =\l
G Bl | users gl
>0 =L
m-@ ATT
O Indicators | et g =0 UsE2
L@ A
..[ B EOUT UsE
Ho =T
me
i EC
..l EQ o EQU3
s || = _ :
-
[ EC ATTS
mas
..... [i] ue
L[] USE3 ATT2 ATT3
II' USE4
[T USEFL I 73 :




Calculate Bootstrapping
and PLS Algorithm

= Bootstrapping

= PLS Algorithm

Smare
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Bootstrapping

= Estimates t-values of item (factor) loadings (outer
model) and path coefficients (inner model)

= Establish a number of subsamples to be created
(e.g. 200)

= Randomly selects 1,190 cases (with replacement)
and estimates the model 200 times

= Cases are drawn with a probability of 1/1190 from
the data set (a certain observation may be selected O

to 1,190 times when creating a bootstrap
subsample). i
Smare p
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Bootstrapping - more

= Bootstrapping provides t-values for
Inner (structural) model path coefficients
Outer (measurement) model item loadings

= Bootstrapping procedure provides mean values for
weights in the inner (structural) model
weights in the outer (measurement) model
outer (measurement) model item loadings

Smare
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Bootstrapping Screen

Data File SmartPL5-online-1.csv

Configured Missing Value «<not configured> (doubleclick the datafile for configuration)
Missing Value Algorithm Mean Replacement

Apply Missing Value Algarithi |

| #} PLS Algorithm - Settings |
l BT Bootstrapping - Settings I
Sign Changes ’No Sign Changes ""
Cases 1190 I
Samples 200

Number of original observations

Number of re-samples

L Finish J [ Cancel

>

ATT3

ATT4

ATTS

UsSE

USET

US|

USE3

USE4

HI
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[ & SmartPLS [CAProgram Files\SmartPLS2\SmartPLS-online] _" e —— “""" - =] =
File. Miew  Selection  Calculste  Report.  Window  Help
E | = (5 Detaut
Run the Bootstrapping Algorithm | |
Applies the standard bootstrapping procedure, BI2 o = |
£ 3 Missing Values - Settings ]

m
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Bootstrapping t-values

5 SmartPLS [C\Program Files\SmartPLS2\SmartPLS-online] -

=N

F
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|I:I'

File

Projects |

View Selection Calculate

100%

Report Window Help
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-0 PUSE
&) PEOU |

10856

Bl2

06,123

| USEF3

B0y BI
d.,@ ATT

h

115,898

- .r.r |. -

'-: ---- @ USE e 43
E Indicatu:rrs.: @ ET é; =i .-'-JSEF5
: II' = ! 564
_____ A 12891
b [ AT
..[@] BI3 -EDLH
..... [@ B2 §.742
w.[i] Bi3
-~ Eou g2 31
% = 48.29
[0 Eous - PEOL 718279
[ fous =
@ oss
s ATT2
|I| USEF1 - | 4

]

Bl1

USET

43,085

USE2
33216

43.006
USE3

USE

USE4

b.749

4,547

a7@884

ATT3

ATTE

ATT4H




Are t-values Significant? [

* Look at the t-values for the item loadings (outer

model) and for the path coefficients (inner model)
Are they significant ? (e.g. t >1.96 at p < 0.05,t> 2.576

atp <0.01, t> 3.29 at p < 0.001 for two-tailed tests)
If so, good !

If not, might want to revise the measurement model (in

practice, you may leave an insignificant relationship in the
Inner path model)

= Note: If your measurement model has problems, the

structural model has problems, too!

By default since your items used to measure the latent b
constructs are problematic ! Smare b
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Default Repor

t

a——— AL = P % " - .y —
£ SmartPLS [C\Program Files\SmartPL52\SmartPLS-onling] =&l
File. View Selection Calculate | Report | Window Help
=T o P : o
(=i 100% « | @& { ) Html (Print) R @o" @5‘ B | [E Default
= ——1 S ||| Default Refort i K oo ” = 5
= oo - %?- 3] Latex Report SO
-] TAM [v%] Html Report Biz
27 TAM.splsm i Bl1
B SmartPL5-online-1.csv “
o2 . : S R
0 Outline &3 =B >
w0 PUSE - ||
w0 PEOU 3 10,396
D B L N
s
= USE -
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O Indicators| B gk = 0 USE2
LI A = 12 gy 7664 .
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‘ t-values all highly significant !




Default Report

R B A - S e T— _—H
5 SmartPLS [ChProgram Files\SmartPL52\SmartPLS-onling] = = @-@'._. 8
= - F i - - - i & —
File. Window Help
o 2[5 s [E oot
Ol ijectsi B i = 0| & *SmartPLS-online-1.csv |?< *TAM,sp[sM [ET - Report Sep wmﬁwwﬁ] - O
=1 TAM £1-[ Bootstrapping / e
.8 TAM.splsm &[4 Beotstrapping
© B SmartPLS-online-1.csv %% Outer Loadings
-%% Quter Loadings (Mean, STDEV, T-Values)
: =gl @ 5 Quter Weights
O Outline &2 | ----- w4 Outer Weights (Mean, STDEV, T-Values) I
An outling is not available. .. %% Path Coefficients L
..%% Path Coefficients (Mean, STDEV, T-Values)
----- . Total Effects

----- %% Total Effects (Mean, STDEV, T-Values)
=-{= Data Preprocessing
BE Results (chronclogically)
L.%% Step 0 (Original Matrix)
=-{F8 Model
&.[7 Specification
% Manifest Variable Scores (Original)
----- . Measurement Model Specification
4 % Structural Model Specification

=] Indicatursi B atey =0




Calculate: PLS Algorithm

F o

& SmartPLS [T ram Files\5martPLS2YSmartPLS-online] & =

| @ AMIX-PLS

File VWiew Selection Slcutate Report Window Help
TEA | @ MS Algorithm Eg'r > [7] = |@Q+ o E Default
a

S Projects | rtPL5-online-1.csv K TAM.splsm &3 _

| BT Bootstrapping

Tl _'| TaM s ; 2
e = Blindfolding
[ BI1

BI3
541300
Outline &3 _ =B i <
11.011 f
USEL
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BEt ey =0 USE?
— i 318
S| 12074
ABET
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EOUZ - USE4
k. 5. 7.029
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Calculate: PLS Algorithm

ﬁ SmartPL5 [C:‘-.ngram FiIés‘ﬁ.SmartPiSZ\SmartPl.S-ﬂnFinE]

FrRar:i] o TiEk N i
- - e =

——‘——‘—-—-"-—-—A‘;

nom == .= . T, S
= Trﬂ-._u'_ T
T

TSTErET)

o

(S5

Run the PLS Algorithm Algorithm
| | Applies the standard PLS procedure,

I
]|

) Missing Values - Settings |

! Data File
|| | Configured Missing Value

Missing Value Algorthm

SmartPL5-online-1.cov

<not configured> (doubleclick the datafile for configuration)

Mean Replacement

Apply Missing Value Algorith ||

I @} PLS Algorithm - Settings

Weighting Scheme

[ Path Weighting Scheme
Data Metric [ Mean 0, Varl = ]
Maximum Iterations 500 .
Abort Criterion 1.0E-5
Initial Weights 1.0

| Finish ||

Cancel

UsSE

ATTS

USEL
40,45
usl
31877
39.671

LFSE3
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PLS Algorithm Results

. ey x| B £ Ll ‘Hﬂ'_ "—"i._ | =y o
5 SmartPLS [Ch\Program Files\SmartPLS2\SmartPLS-online] - J . =i
File. Wiew Selection Calculate Report Window Help
mE - a]smn é-D- e [ | Default
| Projects| g! &f = 0| &l SmatPLS-online-l.csv _ﬁTﬁM.spfsm X — O
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5
BI1
BIZ
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| Outline &3 _ e
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PLS Results Default Report
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El Html Report

| Outline &2 _
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File. Wiew Selection Calecd Report | Window Help
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PLS Results Default Report

& SmartPLS [C\Program Files\SmartPLS2\SmartPLS-online] -
- - - - L -

File Window Help

t s w0 00
B %?.@ |

=
“ 0 Prujectsi B-wl O Q SmartPL5-online-1.csv ‘,(: TAM.splsm [@4%}1 &
E{E TAM =-[7 Data Preprocessing

EIE Results (chronologically)
L. Step 0 (Original Matrix)
-4 Index Values
= = Results
O Outline &2 O ..... 4 Index Values for Latent Variables
An outline is not available. % Latent Variable Scores (unstandardised)
-~ Measurement Model
it Measurement Model (restandardised)
.44 Path Coefficients
i'i E-E Model
] : T = =-{F= Specification
O Indicators | @ a2 5 Ef*‘f Manifest Variable Scores (Qriginal)
----- % Measurement Model Specification
-0 Structural Model Specification
== PLS
-7 Calculation Results
----- % Latent Variable Scores
- 0% Manifest Variable Scores (Used)
----- % Outer Loadings
II ----- % Outer Weights
..... % Path Coefficients
- % Stop Criterion Changes

1 =17 Quality Criteria
..... % Cross Loadings
----- % Latent Variable Correlations
% Overview
----- “» Total Effects
[




After-Class Exercise . . .J§

= [f you have not done it already, use SmartPLS to re-
create the basic TAM PLS-SEM model that we

reviewed In this presentation.
Use the enclosed data file TAM.csv
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