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Appendix A. Measurement items

Construct Item Reference*
Configuration Con 1 Configuration typically maintains diversity by establishing pre- — [1-5]

defined parameters, options, and components, and treats each tenant
individually.

Con 2 Each tenant can configure the application in a standalone way by  [1,6,7]
employing techniques to modify the functions of applications within
established limits.

Con 3  SaaS providers have to develop and capture sets of services and plu-  [8,9]
gins, from which tenants can make selections and perform configura-
tions.

Con 4 Tenants can create customization based on templates. [10-16]

Con 5 Tenants can select their desired workflow templates and items relating  [11,12,16]
to SaaS application templates from the template repository.

Con 6  When a tenant wishes to subscribe to the SaaS application, the capa-  [9,17]
bilities of each feature within the system are analyzed to determine
whether they ought to be assimilated within the application.

Con 7 All Configurations established by the tenants have to be within the  [1,18-20]
context of the runtime of the application.

Con 8  An option of disabling or excluding some features of the SaaS appli-  [21,22]
cation should be provided with the isolation effect across the tenants.

Composition Com 1 The multiple interacting components of the SaaS application are con-  [12,22-27]

solidated, and new application components can be shared between
multiple SaaS tenants and end users.

Com 2 Composing different collaboration components is done according to  [22,23,28-30)
the runtime of the SaaS application.

Com 3 The composition of components takes into account the subcompo-  [28,31,32]
nents of the core one.

Com 4 Performing the composition of SaaS application components considers  [4,7, 23]
the relationships and dependencies between these components.

Extension Ext 1  The SaaS application is extended by adding custom code to extend  [5,12,33]

the application through custom functionality.

Ext 2 The SaaS application provides a set of extension points which per-  [5,33]
mit a customized service to be plugged in at virtual points in the
application.

Ext 3  Injecting custom code into SaaS application has to be supported at  [19,34]
the run time of the application.

Ext 4 The SaaS service provider supplies an open platform and an API,  [8,35]
which allows developers to inject custom codes into business object
layers.

Ext 5 These injected codes can either be replacements for existing objects  [35]

or extensions to them.

Continued on next page...
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Ext 6 An extension may be private to an individual tenant or shared by  [36]
multiple tenants.

Integration Int 1  SaaS application functionality can be expanded through the addition  [9,37-40]

of extra services via external SaaS providers.

Int 2 SaaS service customers assume that the SaaS application will be easy [35, 37, 38, 40,
to amalgamate with their existing in-house systems 41]

Int 3 Integration encompasses aspects which ensure a smooth flow at both  [37,38]
design time and runtime.

Int 4 Integration platforms incorporate both service framework, through  [37,38]
which services can be assimilated, and process framework, through
which business processes can be executed.

Int 5  Additional services from third-party SaaS providers employ different  [40]
programming languages running in different environments.

Int 6 Coding or scripting is utilized to incorporate external services into  [37]
SaaS application.

Int 7 Incorporating services into SaaS application requires an integration  [37,38]
interface in the form of conguration or setup.

Int 8  Synchronization toolkits and data retrieval mechanisms are created — [38,41]
to respond to the demands posed by integration.

Modification Mod 1  Source code modifications are made to SaaS application to generate  [19,42,43]

a new functionality without changing a shared code base.

Mod 2  The code modification must take resources allocation for customized  [19,42]
code into account, ensuring operational cost-efficiency in terms of
maintenance costs and resource sharing among tenants.

Mod 3 SaaS vendors must manage all elements of customization codes on an  [42]
individual tenant basis without developing many software versions for
each tenant.

Mod 4 SaaS vendors alter application codes when identical customizations  [19,42]
are defined and justified by a considerable number of tenants.

Mod 5 Source code modifications are made by adding/deleting methods or  [44,45]
attributes, or by changing the objects current implementation meth-
ods.

SaaS Quality QA 1 Multi-tenancy: SaaS services can support instances of simultaneous [46,47]
access by multiple users for multiple tenants.

QA 2 Scalability: SaaS providers can manage growth or decline in the  [46,48-52]
level of services.

QA 3  Availability: SaaS services can function within a specific time to  [46,48,51-54]
satisfy users needs.

QA 4 Reliability: SaaS application maintains operating and functioning [46, 48, 49, 51—
under given conditions without failure within a given time period. 54]

QA 5 Maintainability: Modifications to the application are made by SaaS  [46,52, 53]
provider to retain it in the condition of good repair.

QA 6 Security: The effectiveness of SaaS provider’s controls on service  [46,52]
data, access to the services, and the physical facilities from which
service are provided.

QA 7 Usability: The ease with which SaaS application can be used to  [46,54]

achieve tenant-specific-goal.

Continued on next page...
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QA 8 Interoperability: SaaS service can easily interact with other ser-  [46,52,53]
vices from the same SaaS provider or other providers.

QA 9 Efficiency: SaaS services effectively utilize resources to perform their  [46,48,49, 51]
functions.

QA 10 Functionality: SaaS application provides an extensive set of fea-  [46,52]
tures.

QA 11  Accessibility: SaaS services are operable by users with different  [46,52, 53]
disabilities.

QA 12 Commonality: SaaS services possess common features and are  [46-49]
amenable to reuse by multiple users.

QA 13 Response time: SaaS application adheres to a defined time limit  [46,52,55-59]

between service request and service response.

* All measurement items used in this study were drawn on the findings of our previously-conducted studies [60,61],

however, we reported the references that represent the main sources for each item.



Appendix B: Rounds of measurement model modification through CFA
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Figure 2: The measurement model combining all six constructs (Version 1)
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Figure 3: The measurement model combining all six constructs (Version 2)
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Figure 4: The measurement model combining all six constructs (Version 3)
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Figure 5: The measurement model combining all six constructs (Version 4)
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Appendix C: Structural model
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Appendix D: Exploratory Factor Analysis

Exploratory factor analysis (EFA) was performed in order to validate the structure of the model via factor extraction
and rotation , however, some tests should be considered before. The first step in conducting an EFA assessment is to
determine the appropriateness of the sample size. In this study, the Kaiser-Meyer-Olkin Measure of Sampling Adequacy
(KMO) and Bartlett’s Test were used for this purpose. SPSS was used to perform EFA, as well as to perform Principal

Components Analysis (PCA) and Varimax rotation.

1. KMO and Bartlett’s Test of Sphericity

Table 2 lists the results of KMO and Bartletts Test. KMO, used for the measurement of sample adequacy, yielded a
value of 0.865, and Bartlett’s test of sphericity yielded a result of p <0.001, indicating that the amount of data for

analysis is acceptable.

Table 2: KMO and Bartlett’s Test of Sphericity statistics

KMO Measure of Sampling Adequacy 0.865
Approx. Chi- 6845.875
Bartlett’s Test of Sphericity Square
df 861.000
Sig. 0.000

2. Communality

Communality is another aspect of factor analysis specifically for common factor analysis. To conduct PCA, the
communality (common variance) is used to aggregate indicators to produce constructs. In this study, the common-
alities of items varied from 0.044 (Ext6) to 0.845 (Mod4). For an item remain in the model, the communality should
be greater than 0.4. Low communality shows the factor model does not work well for that item and marks it as
a candidate for removal from the study. It is noteworthy that all but two of the items in our model obtained a
communality value above 0.4; the two outliers were item Ext6 (0.044) and item Int8 (0.276). These two items were
removed from the model and the EFA was rerun, resulting in a new item Communality range from 0.472 (Con5) to
0.845 (Mod4), as shown in Table 3.

3. Factor Extraction

To extract factors, principal component analysis was performed. The eigenvalue indicates the variance of a given
factor in all variables. Using eigenvalues greater than 1.5, the analysis extracted six factors (Table 4), explaining
64.013 % of the total variance. The eigenvalues showed that the first factor (SaaS Quality) explained 19.222% of
the variance, the second factor (Integration) 10.827% of the variance, the third factor (Modification) 9.993% of the
variance and the fourth factor (Configuration) 9.930%. The fifth and sixth factors (Extension and Composition)

had eigenvalues of over one, each factor explaining about 7.929% and 6.130% of the variance, respectively.

4. Factor Rotation

A rotational strategy was done to identify the factors necessary for a clear pattern of loading. Varimax rotation was
selected to maximize the variance on the new axes. Using the Rotated Component Matrix, the factor was extracted.
Table 5 gives the results of this study, from which six factors, constructs of this study, were extracted. It can be seen
that all items attracted coefficients of more than 0.4, therefore all were retained for further analysis. The EFA results
showed that all items have high loadings on their hypothesized constructs, and confirm the six constructs of the study
as follows: 13 items loaded onto the first factor (SaaS Quality), 7 items loaded onto the second factor (Integration),
5 items loaded onto the third factor (Modification), 8 items loaded onto the fourth factor (Configuration), 5 items
loaded onto the fifth factor (Extension), and 4 items loaded onto the sixth factor (Composition).
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Table 3: Communalities statistics

Items Communality Items Communality

Conl 0.627 Int5 0.655
Con2 0.721 Int6 0.605
Con3 0.619 Int7 0.612
Con4 0.569 Int8&* 0.276
Conb 0.473 Mod1 0.712
Con6 0.591 Mod2 0.771
Con7 0.541 Mod3 0.813
Con8 0.647 Mod4 0.845
Coml 0.598 Modb 0.742
Com?2 0.566 QA1 0.594
Com3 0.704 QA2 0.617
Com4 0.661 QA3 0.538
Ext1 0.743 QA4 0.569
Ext2 0.678 QA5 0.641
Ext3 0.563 QA6 0.607
Ext4 0.656 QAT 0.644
Extb 0.646 QA8 0.650
Ext6* 0.044 QA9 0.637
Int1 0.565 QA10 0.569
Int2 0.753 QA11 0.592
Int3 0.681 QA12 0.532
Int4 0.658 QA13 0.623

* Ext6 and Int8 are also dropped from the measure-
ment model through CFA due to they had the factor
loading of 0.07 and 0.36 respectively which were the
lowest factor loadings in the model and less than the
acceptable item loading value (>0.5).
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Table 5: Rotated component matrix

Items

Component

1

2

QAS8
QA9
QA5
QAT
QA13
QA6
QA11
QA2
QA4
QA1
QA10
QA12
QA3
Int2
Int4
Int3
Int5
Int6
Int7
Int1
Mod4
Mod3
Mod2
Mod5
Mod1
Con6
Con2
Con8
Conl
Con7
Con5
Con3
Con4
Ext1
Ext2
Ext5
Ext4
Ext3
Com3
Com4
Coml
Com2

0.798
0.788
0.788
0.786
0.778
0.769
0.762
0.756
0.734
0.732
0.727
0.703
0.698

0.872
0.824
0.821
0.814
0.768
0.755
0.730

0.876
0.869
0.834
0.829
0.807

0.761
0.735
0.711
0.678
0.657
0.630
0.624
0.609

0.849
0.813
0.799
0.796
0.726

0.820
0.759
0.759
0.732

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization

Rotation converged in 6 iterations.
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Appendix E: Common latent factor (CLF) procedure

Quality

Figure 9: Measurement Model with CLF
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Table 6: The measurement model with and without CLF

Items Constructs  Estimate Estimate with- Difference
with CLF out CLF
Conl < ——— Configuration 0.757 0.798 0.041
Con2 < —— — Configuration 0.82 0.855 0.035
Con3 < ——— Configuration 0.812 0.763 -0.049
Cond < ——— Configuration 0.739 0.74 0.001
Con6 < ——— Configuration 0.52 0.519 -0.001
Con7 < ——— Configuration 0.689 0.685 -0.004
Con8 < — — — Configuration 0.776 0.767 -0.009
Coml < ——— Composition 0.65 0.66 0.01
Com2 < — —— Composition 0.631 0.642 0.011
Com3 < ——— Composition 0.795 0.8 0.005
Com4 < ——— Composition 0.759 0.745 -0.014
Extl < — — — Extension 0.935 0.932 -0.003
Ext2 < — — — Extension 0.863 0.868 0.005
Ext3 < — — — Extension 0.527 0.534 0.007
Extd < ——— Extension 0.636 0.644 0.008
Int2 < — — — Integration 0.895 0.901 0.006
Int3 < — — — Integration 0.849 0.856 0.007
Int4 < — — — Integration 0.781 0.782 0.001
Inth < — — — Integration 0.771 0.772 0.001
Int6 < — — — Integration 0.691 0.669 -0.022
Int7 < —— — Integration 0.679 0.665 -0.014
Intl < — — — Integration 0.644 0.644 0
Modl < ——— Modification 0.814 0.799 -0.015
Mod2 < ——— Modification 0.816 0.829 0.013
Mod3 < ——— Modification 0.851 0.884 0.033
Mod4 < ——— Modification 0.904 0.925 0.021
Mod5 < ——— Modification 0.862 0.819 -0.043
QA2 < ——— SaaS_Quality 0.799 0.774 -0.025
QA3 < —— — SaaS_Quality 0.704 0.691 -0.013
QA4 < — — — SaaS_Quality 0.727 0.734 0.007
QA5 < ——— SaaS_Quality 0.77 0.78 0.01
QA6 < ——— SaaS_Quality 0.738 0.761 0.023
QA7 < ——— SaaS_Quality 0.773 0.795 0.022
QAS < —— — SaaS_Quality 0.763 0.783 0.02
QA1 < ——— SaaS_Quality 0.765 0.747 -0.018
QA9 < — — — SaaS_Quality 0.76 0.771 0.011
QA10 < ——— SaaS_Quality 0.641 0.652 0.011
QA12 < ——— SaaS_Quality 0.688 0.697 0.009
QA13 < ——— SaaS_Quality 0.75 0.763 0.013
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