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Abstract

Software process standards and models are used in large- and medium-sized organizations
to reach the Iron Triangle. In contrast, small and very small entities either ignore them or
cannot apply them because these standards and models are technically and economically not
affordable. Consequently, agile software development practices are usually used by small
and very small organizations. The ISO/IEC 29110 series of standards and guides are now
available for very small organizations, but their utilization with agile practices represents
an agility-rigor reconciliation problem. In this research, we report the experimental evalu-
ation of Scrum+EPG (a reconciled agile-rigorous software Project Management process
from Scrum, and the Project Management process of the ISO/IEC 29110 series-Entry pro-
file, documented in an Electronic Process Guide). Scrum+ EPG was compared to Scrum
EPG (a non-modified Scrum process also documented in an Electronic Process Guide).
Thirty-two international academicians and practitioners, including experts and novices on
agile practices, from Latin America, North America, and Asia—Pacific regions, evaluated
six metrics of usability. A within-subjects design and Wilcoxon matched-pairs signed-rank
tests were applied for collecting and analyzing the experimental data. The statistical results
support the claim that the Scrum+EPG was considered a high-quality conciliated agile-
rigorous software Project Management process for the Entry profile. Given the scarcity of
similar studies and the need for reconciling agile-rigorous software development practices,
this study contributes to a plausible solution for very small organizations. Finally, further
empirical research is encouraged to confirm, update, and extend the results reported in this
investigation.
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1 Introduction

The permanent aim of software development organizations—of any size—is the deliver-
ing of software products/services on the agreed schedule, within the budget, and with the
planned quality of functionalities and performance issues (i.e., the called Iron Triangle
project management success criterion) (Agarwal & Rathod, 2006; Slaughter et al., 1998).
Whereas additional project management success metrics have been proposed regarding
achieving positive impacts on the business and organizational goals attained to the soft-
ware project (Savolainen et al., 2012), the Iron Triangle success criterion is still valid and
endorsed by software process standards and software process best practices (CMMI® Insti-
tute, 2019; ISO/IEC/IEEE, 2017).

However, to achieve the Iron Triangle success criterion is not considered a straightfor-
ward path to be followed by software development organizations. The academic (Marques
et al., 2017; Savolainen et al., 2012) and professional literature (Bloch et al., 2012; Standish
Group, 2015) reported the occurrence of failed software development projects in large-
and medium-sized organizations. A failed software development project can be defined
as a project that exceeded its cost, and/or had a significant schedule overrun, and/or was
released with a quality shortfall (Agarwal & Rathod, 2006; Slaughter et al., 1998).

The discipline of software engineering, to counterattack these software development
project failures, has developed software process standards and models (Niazi, 2015; Niazi
et al., 2005; Unterkalmsteiner et al., 2011). These software process standards such as the
ISO/IEC/IEEE 12207, 2017 (ISO/IEC/IEEE, 2017), and the ISO/IEC 33004, 2015 (ISO/
IEC, 2015), are available for large- and medium-sized organizations. Similarly, software
process models exist as the CMMI-DEV (CMMLI, 2019) and the Team Software Process (TSP)
(Humphrey, 2000). The correct implementation and utilization of these software process
standards and models have generated relevant benefits for the organization, the custom-
ers and users, the development team and software development process, and lately for
the released software product/service (Ebert, 2007; Humphrey, 2000; Pai et al., 2015;
Unterkalmsteiner et al., 2011). Examples of the main benefits are project cost reduction,
higher quality products, variance reduction on the project schedule, high user satisfaction,
reduction of wasted organizational resources, and a more stable and predictable software
development process (Ebert, 2007; Humphrey, 2000; Pai et al., 2015; Unterkalmsteiner
et al., 2011). Consequently, the utilization of these software process standards and models
is a common practice in large- and medium-sized organizations.

For very small organizations, this situation is a big challenge given the structural eco-
nomic and organizational differences between the large (i.e., larger than 250 employees)
and medium-sized (i.e., between 50 and 249 employees) organizations and the small (i.e.,
between 10 and 49 employees) and very small ones (i.e., up to 25 people) (Laporte et al.,
2013a; Laporte et al., 2013b; Richardson & von Wangenheim, 2007). This kind of organ-
ization is characterized by having very limited budgets, less technical and managerial
expertise, lack of interest in using heavy-process software standards and models, a highly
dynamic and informal organizational culture, and pressures for fast delivery from cus-
tomers (Clarke & O“Connor, 2013; Coleman & O’Connor, 2008; O’Connor & Coleman,
2009; Staples et al., 2007). Thus, these organizations either ignore or reject their utiliza-
tion because they were designed by and for large- and medium-sized organizations, and
because they demand a large project budget and introduce process bureaucracy issues
and excessive documentation, large periods for releasing the product, and unnecessary
project meetings (Clarke & O“Connor, 2013; Coleman & O’Connor, 2008; O’Connor &
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Coleman, 2009; Staples et al., 2007). Consequently, these small and very small organi-
zations fail to achieve the Iron Triangle project management success criterion, and
lately, their software customers are also negatively impacted (Clarke & O“Connor, 2013;
O’Connor & Coleman, 2009). Recently, a new series of software process standards and
guides specifically designed for very small organizations has been released, i.e., the ISO/
IEC 29110 series (ISO/IEC, 2012). This series of standards and guides are mainly com-
posed of a Project Management process and a Software Implementation process. This
standard defines the minimum but essential roles, activities, tasks, and work products
that require very small organizations (Takeuchi et al., 2014) for pursuing the comple-
tion of software development projects on time, within budget, and releasing the expected
quality. Initial studies (Laporte & O’Connor, 2017; Larrucea & Fernandez-Gauna, 2019;
Majchrowski et al., 2016) have collected evidence of positive impacts for the organi-
zation, the customers and users, the development team and process, and lately for the
software product/service released in very small organizations, similar to the received for
large- and medium-sized ones by using the heavier process standards and models.

Furthermore, it has been reported that small and very small organizations prefer agile
software development practices (Ahimbisibwe et al., 2017; Klotins et al., 2019; Pino et al.,
2010) rather than rigor-oriented ones (i.e., plan-driven methods (Boehm & Turner, 2003,
2004)) as those defined by the ISO/IEC standards such as the ISO/IEC/IEEE 12,207. Pino
et al. (2010), based on previous core literature on Software Process Improvement efforts
for small and very small software development organizations, concluded that they promote
inherently agile-alike practices (constant face-to-face verbal communication rather than
written documents, flexible, dynamic, and lightweight managerial practices, and flat organ-
izational structures). Consequently, they guided two small software development compa-
nies in Latin America to deploy a Scrum-based lightweight process and they reported posi-
tive improvements on several process/practice capability levels. Klotins et al. (2019; 71),
similarly found in their research on 88 experience reports from software development start-
up organizations, that they inherently apply many agile practices as “iterative development,
empowered small team, and ongoing planning.” Both studies (Klotins et al., 2019; Pino
et al., 2010) did not found the utilization of rigor-oriented methods. Ahimbisibwe et al.
(2017) found in a survey of 471 agile projects that the project size is negatively associated
with software process success, and thus small size projects, given that are usually sold by
small and very small software development organizations, use agile practices.

This preference is motivated by the high flexibility and customization promoted by the
agile software development practices, regarding the usual mandatory practices provided
by the ISO/IEC standards. Hence, the very small organizations interested in combining
the utilization of agile practices, mainly Scrum (Schwaber & Sutherland, 2017) and/or
XP (Beck, 1999; Beck & Andres, 2004), and the best-disciplined ones from the ISO/IEC
29110 standards, face a reconciliation problem between two different software develop-
ment approaches (Boehm & Turner, 2003, 2004; 2005; Magdaleno et al., 2012; Silva et al.,
2015).

In this research, we address this problem and report the experimental evaluation of
Scrum + EPG—a reconciled agile-rigorous software Project Management process from
Scrum, and the Project Management process of the Entry profile of the ISO/IEC 29110
series, documented in an Electronic Process Guide (EPG)—versus the public available
Scrum EPG designed by the EPF Eclipse Foundation (2019)—a non-modified Scrum pro-
cess documented also in an EPG.

The remainder of this article continues as follows. Section 2 reports the background
on the ISO/IEC 29110 series, the Scrum process, and the related studies on agile-rigorous
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software process reconciliations. Section 3 describes the planned experiment, while Sect. 4
presents the experimental results, their discussion, and their theoretical and practical impli-
cations. Section 5 explains the threats to internal, construct, external, and conclusion valid-
ity. Finally, Sect. 6 presents conclusions and recommendations for future work.

2 Background and related work
2.1 An overview of the ISO/IEC 29110 standard-Entry profile

The ISO/IEC 29110 series provides software and systems engineering processes to very
small entities (VSEs) for improving their product quality as well as their process perfor-
mance (ISO/IEC, 2012; Laporte & O’Connor, 2017). A VSE is defined as an enterprise,
an organization, a department, or a project having up to 25 people (ISO/IEC, 2012). These
series of standards and guides have been proposed to have several profile groups (Laporte
et al.,, 2013b). A profile is a subset of selected standards necessary to accomplish
a function. A profile group is a collection of profiles that are related to the composition
of processes. At present, there is a Generic profile group targeted at “VSEs that do not
develop critical products” (ISO/IEC, 2012; p. 7). This Generic profile group is not targeted
for a domain of applications. The Generic profile group contains four software engineering
and four systems engineering profiles: Entry, Basic, Intermediate, and Advanced. Systems
are typically composed of hardware and software components, in the context of the ISO/
IEC 29110 series. The Entry profile targets start-up VSEs on small 6-person-month effort
projects. The Basic profile targets single project teams at VSEs. The Intermediate profile
targets VSEs with multiple team projects. Finally, the Advanced profile targets VSEs seek-
ing to be an independent business competitive organization (Laporte et al., 2013a). In this
research, we used the Project Management process of the Entry profile of the ISO/IEC
29110 series.

This ISO/IEC 29110 series for software developers has, as its foundation, two processes
for the four software profiles:

e Project Management
e Software Implementation

This ISO/IEC 29110 standard claims to provide a disciplined Project Management
process to VSEs for pursuing essential project control and visibility issues, and a system-
atic Software Implementation process for pursuing the satisfaction of the consumer needs
through the delivery of high-quality software products/services (ISO/IEC, 2012). The Pro-
ject Management process supervises the planning and execution of the technical activities
carried out in the Software Implementation process to comply with the project’s objectives
in the expected quality, time, and cost objectives (ISO/IEC, 2012). This process includes
the following activities:

Project Planning

Project Plan Execution

Project Assessment and Control
Project Closure
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The Software Implementation process defines the technical activities to be system-
atically followed for developing the software and documentation according to the agreed
requirements (ISO/IEC, 2012). This process includes the following activities:

Initiation

Software Requirements Analysis
Software Component Identification
Software Construction

Software Integration and Tests
Product Delivery

Figure 1 portrays a diagram of the Project Management process of the ISO/IEC 29110
standard-Entry profile- (adapted from ISO/IEC, 2012). The left side of Fig. 1 shows its
relationship with the Software Implementation process. The right side of Fig. 1 shows its
four activities that are labeled as Project Planning, Project Plan Execution, Project Assess-
ment and Control, and Project Closure. A summarized but substantial description of these
four Project Management activities is reported below. Full descriptions of each of the four
activities can be found in other sources (Buchalcevova, 2019; ISO/IEC, 2012).

The Project Management process of the ISO/IEC 29110 standard-Entry profile defines
three roles (these are not shown in Fig. 1):

e Customer
e Project Manager
o Work Team

The Customer role refers to a person or group of persons who know the customer
domain process and requirements, and the authority to make decisions on the requirements,
and changes, and the delivered product. The Project Manager role refers to the adminis-
trative person responsible for the project who has attributes of leadership, supervision of
personnel, and financial and software development knowledge and experience. The Work
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Fig. 1 Diagram of the Project Management process of the ISO/IEC 29110 standard-Entry profile
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Team role refers to the software development technical people responsible for building the
expected software product. The ISO/IEC 29110 standard does not define a set of specific
Work Team sub-roles; instead, the following sub-roles can be derived from the activities
of the Software Implementation process: Software Requirements Architect/Engineer, Soft-
ware Developer, Software Tester, and Software Documentation Writer. In the ISO/IEC
29110 standard, a person can play more than one role.

The Project Management process of the Entry profile requires, for each task, at least one
input Work Product and generates at least one output Work Product.

e The first input Work Product, usually provided by the Customer role, is a Statement
of Work. The Work Products internally generated by the Work Team are Project Plan,
Change Requests, Meeting Record, Progress Status Records, and Project Repository.

e The output work products are Acceptance Record and Software Configuration. Change
Requests can also be generated by the Customer.

The first Project Planning activity “documents the planning details needed to manage
the project” (ISO/IEC, 2012; p. 9). This first activity provides a reviewed Statement of
Work that provides the description of work to be done, a project plan describing quality
assurance actions, work team, and customer responsibilities, required project resources,
effort, cost and schedule estimations, project risks, and the project repository. The second
Project Plan Execution activity “implements the documented plan on the project” (ISO/
IEC, 2012; p.11). This second activity provides the execution of control project monitor-
ing, the status of the project plan, change requests tracking, and reviews/agreements with
the customer. The third Project Assessment and Control activity “evaluates the perfor-
mance of the plan” (ISO/IEC, 2012; p.12). This third activity provides current versus tar-
get plan performance/progress evaluation, change request tracking, and problem—solution
tracking. Finally, the fourth Project Closure activity “provides the project’s documentation
and products in accordance with contract requirements” (ISO/IEC, 2012; p.12). This fourth
activity provides support for the Customer’s product acceptance, the Acceptance Record
with the completion of the project, and the Software Configuration stored in the Project
Repository.

The Project Management process of the ISO/IEC 29110 standard-Entry profile pursues
seven objectives labeled from PM.O1 to PM.O7.

e The PM.O1 objective states that a project plan (including a Statement of the Work,
efforts, tasks, and customer authorization) is developed.

e The PM.O2 objective states that the progress of the project is tracked until the project
closure with a Customer’s Acceptance Record.
The PM.O3 objective states that the requests for changes are tracked.
The PM.O4 objective states that review meetings and agreements between the Cus-
tomer and the Work Team are documented.
The PM.OS5 objective states that risks are managed.
The PM.O6 objective states that Software Configuration items are tracked.
The PM.O7 objective states that software quality assurance actions are executed.

The Software Implementation process is related to the Project Management process
because the former process is controlled by the latter. The Software Implementation pro-
cess requires two inputs generated by the Project Management process which are Project
Plan and Project Repository. The Software Implementation process produces a single
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output that is Software Configuration (which includes all software technical documentation
and the executable software) and elaborates four internal products (Software Component
Identification, Test Cases, and Test Procedures, Software Components, and a Test Report).
The Software Implementation process includes six activities and uses the same three roles
of the Project Management process:

e Customer
e Project Manager
e Work Team

Hence, the Project Management and Software Implementation processes of the ISO/
IEC 29110 standard-Entry profile provide a set of roles, activities-tasks, and work prod-
ucts (i.e., artifacts) useful for implementing a disciplined software development process
targeted for VSEs.

2.2 An overview of the Scrum process

Scrum is one of the first and most used agile software development processes that emerged
at the beginning of the agile software engineering approach during the 1995-2001 period
(Fowler & Highsmith, 2001; Hoda et al., 2018; VersionOne, 2018). Agile software develop-
ment methodologies and practices contrast radically to rigor-oriented ones (Abrahamsson
et al., 2010; Hong et al., 2011). According to Abrahamsson et al. (2010), agile method-
ologies share the attributes of fast, small, and frequent delivery of usable software (i.e., an
incremental development); a co-responsible and cooperative development process including
the three usual actors as a customer, project facilitator, and development team (i.e., a whole
team); and a highly customized, flexible set of agile practices seeking the highest optimi-
zation of required resources avoiding non-added value tasks and items (i.e., a minimalist
adaptive process open to unexpected changes). According to Hong et al. (2011), the rigor-
oriented projects contrast to agile ones mainly in the following issues: stable vs. volatile user
requirements, a single large development cycle vs. many short development cycles, manda-
tory and rigid methodology steps vs. optional/mandatory but flexible methodology steps,
and useful functionality delivered until the end of the development cycle vs. useful function-
ality delivered every 2—4 weeks.

Figure 2 portrays a diagram of the Scrum process (reproduced with authorization from
WWW.SCTum.org).

Figure 2 shows five Project Management activities (called events) and one Software
Implementation activity, which are listed in turn below:

Product Backlog Articulation—a Project Management activity
Sprint Planning—a Project Management activity

Daily Scrum—a Project Management activity

Sprint Review—a Project Management activity

Sprint Retrospective—a Project Management activity
Sprint—a Software Implementation activity

Scrum is known as a Project Management process, and its product development activ-
ity is realized through the Sprint activity. A detailed description of these activities is out
of the scope of this article due to space limitations, and thus, we report here an essential
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Fig.2 Diagram of the Scrum process

description. Similarly, to the ISO/IEC 29110 standard analysis, a summarized but substan-
tial description of these five Scrum Project Management activities is reported below. Full
descriptions for each one of the five activities can be found in other sources (Schwaber &
Sutherland, 2017; Sutherland, 2010).

Scrum is an iterative and incremental empirical process control that pursues transpar-
ency, inspection, and adaptation, and it is executed by a small team of people (Schwaber &
Sutherland, 2017). A transparent control process makes any project item visible and acces-
sible to all Scrum teams. Inspection is frequently exercised on the Scrum items, and if there
are deviations from the targets, adaptations are performed as soon as possible. A Scrum
Team fosters and lives the values of commitment, courage, focus, openness, and respect.

The Scrum Team is composed of three roles:

e Product Owner
e Scrum Master
e Developers

The Product Owner is a single person (i.e., not a group of people) who has the author-
ity of defining and prioritizing the product requirements through the product backlog and
defining the characteristics of the deliverables that need to be done. The Scrum Master
is not considered a project manager in the traditional concept but a coach-evangelist of
the Scrum process. The Scrum Master not only serves the Product Owner and Developers
but also coaches them toward the Scrum project’s goals accomplishment. Developers are
a self-organized and cross-functional group involving from 3 to 9 people uniquely respon-
sible for creating the increment artifact. All members of the Developers team are consid-
ered of similar rank and importance independently of the technical skill they provide to the
Scrum project.

Essentially, a Scrum process requires one input and generates four internal products and
three outputs. The input artifact is the Product Vision. The four internal generated products
are Sprint Burndown Chart, Sprint Progress Review Record, Sprint Improvements Record,
and Project Delivery Repository. The three outputs are Product Backlog, Sprint Backlog,
and Increment. The last integrated increment is called the Done product.
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The first Product Backlog Articulation activity defines the Product Backlog as a docu-
ment that “lists all features, functions, requirements, enhancements, and fixes that consti-
tute the changes to be made to the product in future releases” (Schwaber & Sutherland,
2017; p. 15). This first activity defines the Product Backlog item attributes (i.e., feature
description, feature test description, feature priority and value, feature effort estimation,
and value). A Product Backlog emerges from the initial Product Vision that defines the user
needs. A Project Delivery Repository is also implicitly built. The second Sprint Planning
activity defines the Sprint Backlog which “is the set of Product Backlog items selected for
the Sprint, plus a plan for delivering the product Increment and realizing the Sprint Goal”
(Schwaber & Sutherland, 2017; p. 16). The third Daily Scrum activity is a very short-time
meeting (usually a 15-min period) where the Developers use it “to inspect progress toward
the Sprint Goal and to inspect how progress is trending toward completing the work in the
Sprint Backlog” (Schwaber & Sutherland, 2017; p. 12). The fourth Sprint Review activ-
ity is organized at the end of each Sprint “to inspect the Increment and adapt the Prod-
uct Backlog if needed” (Schwaber & Sutherland, 2017; p. 13). The fifth and last activ-
ity is the Sprint Retrospective activity, which is executed by all the Scrum Team (i.e., the
three Scrum roles are included) to “inspect itself and create a plan for improvements to be
enacted during the next Sprint” (Schwaber & Sutherland, 2017; p. 14). The product devel-
opment activity, the Sprint, is “a time-box of one month or less during which a “Done,”
useable, and potentially releasable product Increment is created” (Schwaber & Sutherland,
2017; p. 8). Finally, an implicit Project Closure activity—presented in Fig. 2—“prepares
the developed product for general release. Integration, system test, user documentation,
training material preparation, and marketing material preparation are among closure tasks”
(Schwaber, 1997; p. 14).

2.3 Overview of Electronic Process Guides

Electronic Process Guides (EPGs) are digital documents designed and built to improve the
understanding, training, and execution of business processes (Kellner et al., 1998). EPGs
are Knowledge Management documents rather than Business Process Management ena-
blers for enacting an organizational process (Kellner et al., 1998; Moe & Dyb4, 2006).

EPGs aim to overcome the natural limitations of printed documents or their digital ver-
sions (without a specific EPG design) such as deficient in form and content; difficulties to
understand its content, to use it, and to access it; and scarcely used in the practice (Hauck
et al., 2008; Kellner et al., 1998; Leuser et al., 2009). In particular, Dingsgyr et al. (2004)
associated the printed process guides with negative effects such as few consulted, difficult
to read, and just “dust collectors.” In turn, benefits of the utilization of EPGs have been
identified such as training and process guidance improvement (Kellner et al.,, 1998); gradual
tailoring of process, reuse, process conformance, resulting in better process management
(Becker-Kornstaedt, 2000); and process communication improvement (Koolmanojwong
et al., 2008).

The usual content of an EPG includes (Becker-Kornstaedt, 2000; Kellner et al., 1998)
the following sections: overview, phases, activities, tasks, roles, work products, and addi-
tional resources (i.e., list of terms, tasks guidelines, templates, examples, whitepapers, and
tools). An overview is a concise textual description of the process guidance. Phases refer
to texts and diagrams, which describe the integrated view of the process from an over-
all organization. Activities refer to the workflow of tasks, inputs, outputs, control metrics,
and tools and roles participating in them. Tasks describe the specific steps realized in each
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workflow. Roles describe the types of human agents in the process. Work products describe
the required and generated artifacts that are created through the process. Finally, additional
resources describe complementary material. In summary, EPGs provide the following
functional properties: to present an organized scheme of the knowledge chunks, to use a
similar user interface in all digital pages; to provide user navigation flexibility, to present
information in an adequate language, and to provide complementary information access
tools (search engines, dictionaries, language translators, and so on).

However, EPG utilization to obtain the previous benefits is not a seamless implementa-
tion process (Moe & Dyba, 2006). To overcome implementation difficulties, several design
recommendations have been reported. EPGs may be developed from a simple design and
gradually evolve to avoid an “overdone” and badly designed EPG (Dingsgyr et al., 2004).
General EPG design recommendations are (Kellner et al., 1998)

minimal content structure

inclusion of all core process information
flexible page navigation for users

ease of use

keep a standardized format of pages
minimal effect of windows juggling

A review on the utilization of EPGs in the domain of Software Engineering can be con-
sulted in Mora et al. (2016).

2.4 Related work

The reconciliation problem, between the agile development methods (mainly Scrum
and XP) and the software process standards and models, has been previously stud-
ied (Sutherland et al., 2008; Jakobsen & Johnson, 2008; Pikkarainen, 2009; Bass
et al., 2013; Garzas & Paulk, 2013; Pasini et al., 2013; Silva et al., 2015; Torrecilla-
Salinas et al., 2016; Suteeca & Ramingwong, 2016; Henriques & Tanner, 2017; Galvan-
Cruz et al., 2017a; Muiioz et al., 2018; Palomino et al., 2016; Jirapanthong, 2019).

There are studies on the agility-rigor reconciliation problem mainly between Scrum
and the CMMI-DEV version 1.3 maturity model (Sutherland et al., 2008; Jakobsen &
Johnson, 2008; Pikkarainen, 2009; Bass et al., 2013; Garzas & Paulk, 2013; Silva
et al., 2015; Torrecilla-Salinas et al., 2016; Henriques & Tanner, 2017; Palomino et al.,
2016). However, given the novelty of the ISO/IEC 29110 standard series, there are scarce
full studies on the reconciliation of this standard and Scrum (or other agile processes)
(Galvan-Cruz et al., 2017a; Jirapanthong, 2019; Muifioz et al., 2018; Pasini et al., 2013;
Suteeca & Ramingwong, 2016). Table 1 summarizes these findings.

The 14 studies reported in Table 1 were populated through a selective review pro-
cess (Glass et al., 2004). A selective literature review qualifies as a descriptive research
approach and literature analysis research method (Glass et al., 2004). A selective literature
review differs from a systematic literature review (Brereton et al., 2007) in the magnitude
of the sample of studies selected once fixed the selection criteria because it does not ana-
lyze all studies from an exhaustive search but from a reduced and selective sample of stud-
ies. A selective literature review differs also from a mapping study (Petersen et al., 2008)
in the purpose of extracting core findings related to specific research questions rather than
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Table 1 Summary of research findings on the agility-rigor reconciliation problem

Research Main finding (positive (+) or negative (—) final impact) New
Scrum?/An
EPG?

Sutherland et al. (2008) CMMI-DEV® v.1.3 generic practices helped to institutionalize No/No

Scrum (+)
Jakobsen and Johnson CMMI-DEV® v.1.3 practices enhanced Scrum’s weaknesses in No/No
(2008) several activities (+)
Pikkarainen (2009) Lack of well-defined agile reference models leads to the high No/No
variability of Scrum or XP utilization (—)
Bass et al. (2013) Project Planning and Control and Risk Management must be No/No
enhanced in Scrum (—)
Garzés and Paulk (2013)  Scrum helped to reach a CMMI-DEV® v.1.3 level 2 (+) No/No
Silva et al. (2015) Scrum helped to reach a CMMI-DEV® v.1.3 level 2 (+). Alone No/No
Scrum practices are insufficient (—)
Torrecilla-Salinas et al. Project Planning and Control and Risk Management must be No/No
(2016) enhanced in Scrum (—)
Henriques and Tanner Scrum helps to already CMMI-DEV® v.1.3 level 5 organizations No/No
(2017) (4). Scrum is hard to be used in CMMI level 2 or 3 organiza-
tions (—)
Palomino et al. (2016) Scrum helped to reach a CMMI-DEV® v.1.3 level 2 (+) No/No
Pasini et al. (2013) A new Q-Scrum process is proposed from the fusion of Scrum Yes/No

and the ISO/IEC 29110 Basic profile (+)

Galvan-Cruz et al. (2017a) Scrum has an overall compliance moderate level (79%) regarding No/No
the ISO/IEC 29110 Entry profile (—)

Suteeca and Ramingwong  Scrum practices cover all of the ISO/IEC 29110 Basic profile No/No

(2016) Software Implementation activities (+)
Muiioz et al. (2018) The ISO/IEC 29110 Basic profile implementation in four VSEs ~ No/No
helped to better utilization of Scrum (+)
Jirapanthong (2019) The ISO/IEC 29110 Basic profile implementation in eight VSEs ~ No/No

helped to better utilization of Scrum (+)

elaborating a visual multidimensional classification of topics regarding the dimensions of
interest for the researchers.

We applied the following steps: (1) to define general and specific knowledge inquiries,
(2) to define the criteria for selecting sources of studies, (3) to define the generic document
search statement as well as the document inclusion and exclusion criteria, (4) to execute
knowledge search procedures, (5) to analyze the abstract of the located documents and
decide its inclusion or exclusion for detailed analysis, (6) to elaborate a detailed analysis of
included documents, and (7) to populate the table data.

In step 1, we defined the general knowledge inquiry as “to identify the recent studies
(2008-2020 period) addressing the reconciliation problem between the agile development
methods (mainly Scrum and XP) and the software process standards and models,” and the
specific knowledge inquiries as “to find the positive and negative impacts,” “to identify
whether a new Scrum or XP process was proposed,” and “to identify whether an Electronic
Process Guide was elaborated.” In step 2, we defined the criterion for selecting sources
of studies to the “journals, conferences, research-oriented books, and technical reports
focused on Software Engineering area reported in the scholar Google search engine.” In
step 3, we defined the generic document search statement as “Title OR Abstract contains
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((reconciliation OR harmonization OR integration OR combining OR enhancement OR
study OR investigation) AND (agile OR scrum OR Extreme Programming OR XP OR
maturity model OR ISO/IEC standard OR ISO/IEC 29110)),” and the inclusion and exclu-
sion criteria respectively as “to include the study when it is focused on the general and
specific knowledge inquiries from the step 17 and “to exclude the study when it addresses
marginally the general and specific knowledge inquiries from the step 1.” In steps 4 and 5,
14 studies were approved for their analysis. Finally, in steps 6 and 7, we analyzed the full
study and elaborated Table 1, respectively.

Table 1 reports the study in its first column. The main positive (represented with the
plus symbol) or negative (represented with the negative symbol) impacts to combine or
reconciliate a rigor-oriented model, process, or standard with an agile process are reported
in the second column. Finally, the responses to the inquiry whether an enhanced or modi-
fied agile process and an Electronic Process Guide (EPG) were generated are reported in
the third column. Hence, it was identified that only one study (Pasini et al., 2013) reported
an enhanced or modified agile process, and none reported the elaboration of an EPG.

The studies on the reconciliation of Scrum and CMMI-DEV®version 1.3 revealed
contrasting evidence on their combined use. Some studies reported benefits of using
CMMI® practices to enhance Scrum ones and to accelerate a CMMI-DEV® level
2 achievement through Scrum practices (Sutherland et al., 2008; Jakobsen & Johnson,
2008; Garzas & Paulk, 2013; Palomino et al., 2016). Other studies identified that Scrum
is insufficient to cover CMMI-DEV® practices and must be enhanced (Pikkarainen, 2009;
Bass et al., 2013; Torrecilla-Salinas et al., 2016), and another one found mixed evidence
(Henriques & Tanner, 2017). The positive integration of Scrum and CMMI-DEV® has
been using the CMMI-DEV® Generic Practices to foster the Scrum institutionalization
(Jakobsen & Johnson, 2008; Sutherland et al., 2008); using CMMI-DEV® for enhanc-
ing Scrum weaknesses on Risk Management, Project Estimation, Project Tracking, and
Configuration Management activities (Jakobsen & Johnson, 2008); and helping to reach
a CMMI-DEV® level 2 by using Scrum (Garzas & Paulk, 2013; Palomino et al., 2016).
The negative integration of Scrum and CMMI-DEV® refers to lack of well-defined agile
reference models because Scrum and XP foster high flexibility and freedom for using
their agile practices (Pikkarainen, 2009), the need for relaxing some CMMI practices to
fit the agile culture (Pikkarainen, 2009), and the need for enhancing some Scrum prac-
tices such as Project Planning and Control, Risk Management, and Organization Level of
Standard Processes (Bass et al., 2013; Torrecilla-Salinas et al., 2016). Interesting findings
on the contrasted evidence refer to the positive benefits of using Scrum to reach CMMI-
DEV®level 2 or 3. Benefits were observed for using Scrum in already CMMI-DEV®
level 5 organizations (Henriques & Tanner, 2017). However, it is also indicated that using
Scrum and other agile practices alone is insufficient for this aim (Silva et al., 2015), given
the difficulties of its utilization in the CMMI-DEV® level 2 or 3.

Regarding the reconciliation of Scrum and the ISO/IEC 29110, a few studies report the
benefits of enhancing the Scrum practices with the ISO/IEC 29110 to fit the market com-
petitive regulations, and that Scrum practices are insufficient for covering all ISO/IEC 29110
requirements of the Entry profile. Consequently, adjustments to the Scrum process have been
proposed (Galvan-Cruz et al., 2017a; Jirapanthong, 2019; Muiioz et al., 2018; Pasini et al.,
2013; Suteeca & Ramingwong, 2016). Pasini et al. (2013) proposed a new Q-Scrum process
that adds roles, well-defined work products, and a fusion of the Scrum activities with the Pro-
ject Management and Software Implementation ones with those of the ISO/IEC 29110 Basic
profile. Suteeca and Ramingwong (2016) mapped the ISO/IEC 29110 Software Implementa-
tion process to the Scrum practices, and they estimated that they cover all of them. However,
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the mapping was only at a high-level and there is a lack of specific how-to details for this
covering. Galvan-Cruz et al. (2017a) conducted a compliance analysis of the Project Man-
agement agile practices in Scrum (and XP and UPEDU methodologies), against the Project
Management process of the Entry profile of ISO/IEC 29110. The authors identified an over-
all low (51%), moderate (79%), and very high (93%) compliance level for XP, Scrum, and
UPEDU respectively. Scrum was assessed at a moderate level for roles (78%), work products
(70%), and a very high level (90%) regarding activities-tasks. The authors concluded, thus,
that UPEDU supports practically all the ISO/IEC 29110 statements of the Entry profile but
Scrum and XP must be enhanced with complementary project management practices if bet-
ter compliance with the Entry profile of ISO/IEC 29110 is required by market competitive
regulations. Mufioz et al. (2018) reported a multi-case study with four VSEs that had experi-
enced difficulties (i.e., weak project planning; very informal project tracking; lack of meeting
records; null version control; and other issues related to the Software Implementation process)
for correctly applying the Scrum practices. However, with the implementation of the Basic
profile of the ISO/IEC 29110 and their certification, the four VSEs overcame most of such
difficulties. Finally, Jirapanthong (2019) conducted an action research study with eight VSEs.
In this study, the author trained software development teams from the eight already Scrum-
trained VSE:s to use the Basic profile of ISO/IEC 29110. The eight teams reported, via a ques-
tionnaire, benefits in several activities.

The overall findings from these 14 studies can be stated as follows: (1) Scrum practices and
CMMI-DEV® or ISO/IEC 29110 integrations have been promoted for VSEs, (2) Scrum prac-
tices are useful, but alone they are insufficient for fitting the CMMI-DEV® or ISO/IEC 29110
statements, and (3) the results of the integration and evaluation of Scrum and CMMI-DEV®
or ISO/IEC 29110 have not been reported in an Electronic Process Guide.

3 Description of the experiment
3.1 Experiment goal

To set the experiment goal, we used the structured experiment goal template reported
by Wohlin et al. (2012). This template is as follows: Analyze < Object(s) of study > for
the purpose of < Purpose > with respect to their < Quality focus> from the point of
view of the < Perspective > in the context of < Context>. Object(s) of study refers to
products, processes, resources, models, metrics, or theories to be investigated. Purpose
is the intention of experimenting (i.e., evaluate, identify, or improve). Quality focus
accounts for the main effect(s) of interest in the experiment. Perspective refers to the
viewpoint of the groups of interest in the experimental results (i.e., from an academic
vs. professional perspective; from software operational positions vs. software mana-
gerial positions). Context refers to the experiment setting characteristics (students vs.
professional participants, novice vs. expert participants, academic vs. professional par-
ticipants, concurrent vs. off-line experiment mode, and toy vs. real problems).

The experimental objects of study in this research corresponded to the Scrum pro-
cesses (the original Scrum and the Scrum +) packaged for their experimental analysis in
the Electronic Process Guidelines (EPGs) (i.e., the Scrum EGP and the Scrum + EPG).
The purpose of this study was to evaluate the objects of study regarding the qual-
ity focus on six usability metrics from a dual academic-professional perspective. An
academic perspective is of interest to the implications for teaching and researching
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conciliated agile-rigorous software development practices, as well as for the profes-
sional communities interested in taking advantage of conciliated agile-rigorous soft-
ware development practices toward their Iron Triangle aim. The context of this study
is of international academic-professional participants in an off-line experimental mode.

Thus, we can report the structured goal template as follows: Analyze < two Scrum pro-
cesses packaged in two EPGs > for the purpose of <evaluating them > with respect to
their < six usability metrics > from the point of view of the < dual academic-professional
perspective > in the context of < international academic-professional participants in an
off-line experimental mode > .

3.2 Experiment hypotheses

Based on the structured goal template, we formulated six statistical null hypotheses to
evaluate whether the reconciled Scrum + process contained in the Scrum +EPG was iden-
tified with better score metrics than the original Scrum process contained in the Scrum
EPG, from the experiment participants. These six null hypotheses were the following:

e HO.1 The usefulness metric for the Scrum + EPG is less or equal than the useful-
ness metric for the original Scrum EPG.

e HO0.2 The ease of use metric for the Scrum + EPG is less or equal than the ease of
use metric for the original Scrum EPG.

e HO0.3 The compatibility metric for the Scrum + EPG is less or equal than the com-
patibility metric for the original Scrum EPG.

e HO0.4 The value metric for the Scrum + EPG is less or equal than the value metric
for the original Scrum EPG.

e HO0.5 The normative beliefs metric for the Scrum+ EPG is less or equal than the
normative beliefs metric for the original Scrum EPG.

e HO.6 The attitude metric for the Scrum + EPG is less or equal than the attitude met-
ric for the original Scrum EPG.

3.3 Experiment variables and instruments

The variables used in this study correspond to the six metrics of usability (Cayola & Macias,
2018; Karahanna et al., 1999; Mora et al., 2016; Riemenschneider et al., 2002) of Useful-
ness, Ease of Use, Compatibility, Value, Normative Beliefs, and Attitude. The Usefulness
metric refers to the degree to which using the new tool is perceived as being better than
using the currently used tool and it was measured with four statements. The Ease of Use
metric refers to the degree to which using the new tool is perceived as being free of effort
and it was measured with three statements. The Compatibility metric refers to the degree to
which using a new tool is perceived as compatible with what people do and it was measured
with three statements. The Value metric refers to the degree of value delivered to users by
obtaining savings on money, time, and additional resources, as well as an overall value, and
it was measured by four statements. The Normative Beliefs metric refers to the degree of
external approbation of performing a given behavior as well as by the motivation for com-
plying with it, and it was measured with six statements. The Attitude metric refers to the
degree of the favorable or unfavorable evaluation of the expected behavior of using the eval-
uated artifact (i.e., in this study the two EPGs), and it was measured with three statements.
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All the six metrics of usability were measured using a 5-point Likert scale except the
attitude metric which was measured with a 7-point semantic differential scale from — 3
to+ 3. The 5-point Likert scale varied from strong disagreement, disagreement, neutral,
and agreement to strong agreement for the variables of Usefulness, Ease of Use, Compat-
ibility, and Normative Beliefs. For the metric of Value, the 5-point Likert scale varied from
very low, low, moderate, high, to very high. For the metric of Attitude, the 7-point seman-
tic differential scale from — 3 to+ 3 varied from extremely positive to extremely positive
(statement 1), from extremely bad to extremely good (statement 2), and from extremely
harmful to extremely beneficial (statement 3).

The instruments of this experiment correspond to the questionnaires elaborated to col-
lect the six metrics of usability from the 32 international evaluators. These questionnaires
have been previously used in other studies (Cayola & Macias, 2018; Karahanna et al. 1999;
Mora et al. 2016; Riemenschneider et al. 2002). The six instruments for the six metrics of
usability are reported in Appendix 1.

3.4 Experiment subjects

The subjects were contacted from an international list of 80 professional people from
LinkedIn groups related to agile methods and the Entry profile of the ISO/IEC 29110, as
well as from academic contacts of the research team. A group of 32 international evalua-
tors accepted voluntary participation. Core demographic characteristics of the 32 interna-
tional evaluators are as follows: (1) the evaluators were collected from 3 relevant interna-
tional regions such as North America (9%), Europa/Asia (25%), and Latin America (66%);
(2) there is a relevant number of experts (53%); (3) the sample has both academics (56%)
and practitioners (44%) type of evaluators; and (4) a high percentage of the participants
(81%) have sufficient working experience (at least 5 years).

Table 2 presents the main demographic attribute (i.e., the period of years using/know-
ing agile methods or the ISO/IEC 29110 standard). Novices were considered the evalua-
tors in the range of 0—4 years of using/knowing agile methods and/or the ISO/IEC 29110,
and experts were evaluators with 5 or more years of experience with agile methods and/
or the ISO/IEC 29110. Whereas the using and knowing capabilities of the subjects can be
assessed differently, in this research, we used this construct as a conceptual unit. We did
not apply statistical tests with blocks grouping academics vs. professionals, and novices vs.
experts, but upon the total sample size of 32 international evaluators. Thus, this conceptual
consideration does not affect the validity of the statistical conclusions. Table 2 reports the
size of the blocks for informative purposes on the four types of blocks belonging to the
total sample size of 32 subjects.

Table'Z Perbiod of years using/ Period of years using/know-  Academics Professionals Sub-totals
knowing agile methods or the ing Scrum or the ISO/TEC
Entry profile of ISO/IEC 29110 29110

Novices: 0—4 years 6 9 15
Experts: (5 or more years) 12 5 17
Sub-totals 18 14 32
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3.5 Experiment materials

The materials of the experiment correspond to two Electronic Process Guides (EPGs). An
experiment material was the public available Scrum EPG designed by the EPF Eclipse
Foundation (2019), and the other one was the new Scrum+EPG. Scrum+EPG was
designed with the application of the Means-Ends Analysis (Anderson, 1993; Simon &
Newell, 1971). The Means-Ends Analysis is a heuristic design method for systematically
applying rule-fixed planned changes to an original Scrum process, with the design goal of
producing a reconciled Scrum+ process. A summary of the applied design process with
Means-Ends Analysis can be consulted in Galvan-Cruz et al. (2017b) and Appendix 2.

The Scrum +EPG was built with the open-source tool EPF (Eclipse Process Framework)
(Haumer, 2007). EPF is a powerful tool that provides support for structured documentation
and automatically generates HTML-based EPGs. EPF has been used for creating EPGs in
multiple types of research (Garcia et al., 2011; Abad et al. 2012; Ghanadbashi &
Ramsin, 2016; Mora et al., 2016), and it has been highly suggested by the editors of the
ISO/IEC 29110 series (O’Connor & Laporte, 2017) for developing Deploying Packages (i.e., digi-
tal guides for using the ISO/IEC 29110) (Laporte, 2019). Figures 3 and 4 display the main
page of the original Scrum EPG (available online at: http://vm21-labdc.uaa.mx/scrum) and
the Scrum+ EPG (available online at http://x3620a-labdc.uaa.mx/scrum_plus). The original
Scrum EPG can be also downloaded (Eclipse Foundation, 2019).

3.6 Experimenttype

The type of experiment design selected was a within-subjects experimental design (Berger &
Maurer, 2018). This experimental method applies all treatments to all subjects (i.e., the same
subject works as his/her control group). However, the application of each treatment to each
subject is randomly selected to avoid the negative order carryover effect (Berger & Maurer,
2018). This experimental method has been used commonly in software engineering research
(Basili et al. 1996; Briand et al., 2001; Johanson & Hasselbring, 2017; Vegas et al., 2015).
The two treatments were the original Scrum EPG and the new elaborated Scrum +EPG.
Thus, a total of 32 subjects received both treatments but each one in random order.

Fig.3 Scrum EPG main display
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PRE-GAME

POST-GAME

ScrumPLUS projects make progress in a series of “sprints”. Sprint are analogous to ferations. The typical duration of a sprint is 24 weeks

Fig.4 Scrum+EPG main display

4 Experiment execution, results, and discussion

In this section, we present details on how the experiment was performed. We also present
the results, a discussion, and implications of the results.

4.1 Experimentinstructions and tasks

The experiment was conducted off-line for 1 month—July 2017. All 32 international evalu-
ators received an email with a document of instructions to participate in the experiment.
Appendix 3 reports the content of this document. As a summary, the 32 international eval-
uators were asked to execute the following tasks: (1) randomly select one of the two EPGs
and navigate and review it during a period of 20-30 min, (2) navigate and review another
EPG for a similar period of 20-30 min, and (3) answer the demographic data and usability
metric questionnaires.

4.2 Experiment results

Table 3 reports the descriptive statistics—median, mean, and standard deviation—for
the six usability metrics for the Scrum+EPG and Scrum EPG. These descriptive results
show—before any statistical test—that the 32 international evaluators assigned higher
scores, summarized in the median and mean values for the six usability metrics, for the
Scrum+ EPG than for the Scrum EPG. As it was reported previously in Sect. 3.3, the first
five metrics were assessed with a 5-point Likert scale and the sixth metric with a 7-point
semantic differential scale from — 3 to+ 3.

Table 4 reports 12 one-sample Wilcoxon signed-rank tests for the six usability metrics
for the Scrum+EPG and Scrum EPG to provide statistical evidence that the 10 medians
can be considered greater than 3.00 for the Usefulness, Ease of Use, Compatibility, Value,
and Normative Beliefs metrics or greater than 0.00 for the Attitude metric. These 12 tests
are required before applying the six Wilcoxon matched-pairs signed-rank tests to establish
the relevance of the comparison of medians between the two EPGs. Without these initial
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Table 3 Descriptive statistics for the six usability metrics in the two EPGs

Scrum EPG Scrum + EPG
Metric Median Mean Std.Dev Median Mean Std.Dev
Usefulness 3.75 3.63 0.47 4.00 4.16 0.61
Ease of use 3.67 3.68 0.73 4.00 4.16 0.65
Compatibility 3.50 3.63 0.72 4.00 4.18 0.71
Value 4.00 3.67 0.70 4.38 4.29 0.54
Normative beliefs 3.67 3.64 0.62 4.00 4.07 0.71
Attitude 1.00 1.11 0.96 2.00 2.08 0.88

12 tests, the comparison of the medians would not be relevant if both medians were scored
with low values. For instance, if the medians for the Usefulness metric for Scrum + EPG
and Scrum EPG were respectively 2.00 and 1.00, then the statistical test could provide sup-
port to consider the Usefulness of the Scrum + EGP better than that of the Scrum EGP, but
both would be practically low scored, and thus, this result would be not relevant.

Finally, a Wilcoxon matched-pairs signed-rank test was used for the six hypotheses.
This test is non-parametric, and it avoids assumptions and additional pre-tests on normality
distributions in data, and on the need for the equality of variances in the two datasets to be
compared (Sheskin, 2000). Non-parametric statistical tests also perform well with small
samples (i.e., among 15-20 subjects) (Sheskin, 2000; Gresse von Wangenheim et al., 2009;
Vegas et al., 2015). Table 5 reports the results of the statistical tests.

This study collected data from a sample size of 32 subjects, and thus, we consider it
does not constitute a threat to the statistical validity of results. This test compares medians

Table 4 One-sample Wilcoxon signed rank tests for the six usability metrics in the two EPGs

Scrum EPG Reject HO Scrum +EPG Reject HO
——  withan — withan
Metric Median P-value a-value = 0.01 Median  P-value a-value = 0.01
HO.1 The usefulness metric 3.75 0.0001  Yes 4.00 0.0001  Yes
for the EPG is less or equal
than 3.00
HO.2 The ease of use metric ~ 3.67 0.0001  Yes 4.00 0.0001  Yes
for the EPG is less or equal
than 3.00
HO.3 The compatibility 3.50 0.0001  Yes 4.00 0.0001  Yes
metric for the EPG is less
or equal than 3.00
HO0.4 The value metric for 4.00 0.0001  Yes 4.38 0.0001  Yes
the EPG is less or equal
than 3.00
HO.5 The normative beliefs 3.67 0.0001  Yes 4.00 0.0001  Yes
metric for the EPG is less
or equal than 3.00
HO.6 The attitude metric for  1.00 0.0001  Yes 2.00 0.0001  Yes
the EPG is less or equal
than 0.00
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Table 5 Results for the six null hypotheses

Null hypotheses Medians T-value P-value Reject HO
_— with an
Scrum+EPG  Scrum a-value = 0.01
EPG
HO.1 The usefulness metric for the 4.00 3.75 43.00 0.0001 Yes

Scrum+ EPG is less or equal than the use-
fulness metric for the original Scrum EPG

HO.2 The ease of use metric for the 4.00 3.67 2300 0.0006 Yes
Scrum+ EPG is less or equal than the ease
of use metric for the original Scrum EPG

HO.3 The compatibility metric for the 4.00 350 16.00 0.0001 Yes
Scrum+EPG is less or equal than the
compatibility metric for the original Scrum

EPG

HO.4 The value metric for the Scrum+EPG ~ 4.38 4.00 10.50  0.0001 Yes
is less or equal than the value metric for the
original Scrum EPG

HO.5 The normative beliefs metric for the 4.00 3.67 10.00  0.0001 Yes

Scrum + EPG is less or equal than the
normative beliefs metric for the original
Scrum EPG

HO.6 The attitude metric for the Scrum+EPG 2.00 1.00  11.00 0.0001 Yes
is less or equal than the attitude metric for
the original Scrum EPG

instead of means, and it has been frequently used in Software Engineering research (Basili
et al., 1996; Briand et al., 2001; Johanson & Hasselbring, 2017). The free statistical tool
used was MaxStatLite (MaxStatLite, 2019).

The null hypothesis for each one of the six metrics of usability is reported in the first
column. The medians for the Scrum+EPG and the Scrum EPG related to each usability
metric are reported in the second and third columns. The value of the statistic T obtained
from the (directional one-tailed) Wilcoxon matched-pairs signed-rank test is reported in
the fourth column. The P-value (i.e., the maximum probability of having the type-I error
by rejecting the null hypothesis when it is true) is reported in the fifth column. Finally, the
decision on rejecting (or failure on rejecting) the null hypothesis is reported in the sixth
column. An a-value significance test level of 0.01 was fixed. The six null hypotheses were
rejected (i.e., the P-values obtained were less than the fixed a-value), and thus, the scores
received for the Scrum+EPG usability metrics can be considered better ones than the
received for the Scrum EPG for this group of 32 international evaluators.

5 Discussion

We do not pursue the research goal of comparing the usability metrics from academics
vs. professionals, and novices vs. experts. Whereas this research goal is worthy and has
been studied in other domains (Mora et al., 2016), we consider that this study can be pur-
sued in the next research stage. However, we report that the group of 32 international was

@ Springer



258 Software Quality Journal (2021) 29:239-273

composed of 18 academics and 14 professionals. This group was also classified as experts
versus novices in agile practices and/or the Project Management process of ISO/IEC 29110
standard-Entry profile. The group of 18 academics had 11 experts and 7 novices. The group
of 14 professionals had 4 experts and 10 novices. Thus, the inclusion of these four types of
groups of evaluators helped to have a representative and varied sample of evaluators.

In this study, we focused on investigating the effectiveness (measured on the six usabil-
ity metrics) of a recent designed Scrum+ EPG aligned to the Project Management process
of the ISO/IEC 29110 standard-Entry profile-. Agile software development practices are
being frequently used by small and very small software development organizations, but
they are also asked to fit regulatory standards to increase their competitive market status
(Laporte et al., 2013a; O’Connor & Laporte, 2017). The ISO/IEC 29110 standard series
was released to target very small organizations, from 1 to 25 people, but its inherent design
despite it is lightweight it cannot be considered agile. Consequently, very small software
development organizations using an agile process like Scrum or XP that are interested in
complying with regulatory standards face what is known as the “agility-rigor reconcilia-
tion problem” between two different software process approaches (Boehm & Turner, 2003,
2004; 2005; Magdaleno et al. 2012; Silva et al., 2015). At present, no official reconciliated
solution between the agile process and the ISO/IEC 29110 standard has been released, but
it is currently being developed (Galvan-Cruz et al., 2021).

Table 5 provides empirical statistical-tested evidence that the group of 32 international
evaluators—composed of academics and professionals, as well as experts and novices—
perceived the reconciliated Scrum+EPG to the Project Management process of the ISO/
IEC 29110 standard-Entry profile with a better Usefulness, Ease of Use, Compatibility,
and Value, as well as more recommended to be used from the Normative Beliefs and the
final Attitude toward the utilization of the Scrum+ EPG. Although the sample size is small,
the size of 32 subjects is adequate for non-parametric tests, as such tests perform well with
small samples in the range of 15-20 subjects (Sheskin, 2000; Gresse von Wangenheim
et al., 2009; Vegas et al., 2015).

The Usefulness metric was measured with three statements related to performing agile
Project Management tasks faster, with better quality and better effectiveness. The Ease of
Use metric was also measured with three statements related to easiness for learning and
operating the EPG, as well as being it not considered difficult regarding agile Project Man-
agement tasks. Compatibility metric was measured with three statements related to work
compatibility aspects, alignment to work style, and linkage to like the way of work on agile
Project Management tasks. The Value metric was measured with four statements related
to saving money, time, and providing data, information, and knowledge, and overall value
on agile Project Management tasks. The Normative Beliefs was measured with four state-
ments related to the external recommendations for using the evaluated EPG from peers,
supervisors, IT area, and IT staff for agile Project Management tasks. Finally, the Attitude
metric was measured with three statements related to the positive—negative, good-bad, and
harmful-beneficial semantic ranges for using the evaluated EPG for agile Project Manage-
ment tasks in the next 6 months.

These results can be interpreted as initially satisfactory on the research stream efforts
toward the elaboration of a commonly accepted agile solution that is aligned to the recom-
mendations of a Software Engineering ISO/IEC standard. Furthermore, from the specific
design recommendations reported in Galvan-Cruz et al. (2017b), new designers of similar
enhanced Scrum or XP processes are alerted on the no obvious and inherently design diffi-
culty to apply a controlled-balanced approach of changes to the agile process to achieve an
acceptable level of alignment without the loss of agility perception from the evaluators and
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potential users of this reconciliated solution. The non-controlled addition of issues from
the ISO/IEC 29110 standard to the agile process can derive in a non-agile one, as well as in
a slightly aligned solution to the standard.

5.1 Implications for the knowledge of reconciled agile-rigorous software
development methods

The relevance of counting with reconciled agile-rigorous software processes can be argued
on the permanent aim of any software process as the achievement of the expected Iron
Triangle on quality, cost, and schedule (Agarwal & Rathod, 2006; Slaughter et al., 1998).
Medium- and large-sized organizations usually count on economic, human, and organiza-
tional resources to implement software process standards and models (Laporte, et al., 2013a;
Laporte et al., 2013b). However, the population of small and very small ones
has been unserved populations. According to the ISO/IEC 29110 standard (ISO/IEC, 2012),
small and very small business organizations, including software development providers,
account for—at least—90% of the total of business in the OECD countries and these kinds
of organizations are usually sub-contracted for specific software needs by medium- and
large-sized organizations facing a software process maturity process gap between both types
of organizations. It is also reported that all software process standards and models, except
the rigor-oriented PSP model (Humphrey, 1999), have been designed for medium- and
large-sized organizations, and thus, the small and very small software development busi-
ness cannot fit the expected software process improvement efforts (O’Connor & Coleman,
2009; Staples et al., 2007). These small and very small organizations, alternatively, have
accepted the agile practices, which have generated partial benefits. However, these agile
practices alone are insufficient for that these organizations can reach high-maturity process
levels (Pikkarainen, 2009; Bass et al., 2013; Torrecilla-Salinas et al. 2016). Additionally, the
market competition needs of providing international software process certification (Laporte
et al., 2013a) place more pressure on the small and very small organizations for improving
their agile and informal software development process. With this real international context,
the need for scientifically knowing how to design and provide reconciled agile-rigorous
software development process to small and very small software development business is
worth to be studied.

Hence, thus, we consider this research contributes to the Software Engineering domain
as follows: (1) It opens a research avenue on potential solutions for the agility-rigor recon-
ciliation problem through the utilization of EPGs, (2) it introduces the Means-Ends design
process in the Software Engineering domain which provides a systematic and objective
method for elaborating an expected software process (i.e., the goal state) from a software
process base (i.e., the initial state) employing a set of transformation actions (Galvan-Cruz
et al., 2017b; Appendix 2, and 3) it remarks the simple but relevant theoretical problem of
finding a balanced rigor-agile software process to avoid the failed design of a solution that
has lost its agility practices.

5.2 Implications for the practice of reconciled agile-rigorous software
development methods

To the best of our knowledge, and given the literature review evidence conducted until
2019, no similar full Scrum EPG reconciled to the Project Management process of the
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ISO/IEC 29110 standard-Entry profile — has been already reported, although initial partial
efforts are recently available (Galvan-Cruz et al., 2021). In contrast, EPGs for supporting
rigor-oriented and heavy software processes from standards and models have been reported
(Abad et al., 2012; Garcia et al.,, 2011; Ghanadbashi & Ramsin, 2016; Mora et al.,
2016), but none for very small organizations. The Scrum + EPG is a free-access tool avail-
able online (at http://x3620a-labdc.uaa.mx/scrum_plus), so any very small software devel-
opment organization can be benefited by using it.

Hence, thus, we consider this research can also contribute to very small software devel-
opment organizations using agile practices that are interested in combining them with the
best practices derived from rigor-oriented software process from standards and models,
with the following issues: (1) to have available an online and free-access EPG of a Scrum
process reconciled with a relevant ISO/IEC software process standard designed specifically
for very small organizations, (2) to provide digital access to the reconciled Scrum process
through an EPG for very small organizations, and (3) to help to disseminate the best prac-
tices provided by the ISO/IEC 29110 standard in very small organizations to reduce train-
ing costs.

6 Threats to validity

According to Wohlin et al. (2012; p. 102), four types of threats to the validity of experi-
mental research must be analyzed. These are the construct, internal, conclusion, and exter-
nal validity. Table 6 summarizes the type of validity, threat statement, and countermeasure
that was applied.

Construct validity (Jedlitschka et al., 2008) refers to the extent to which the instruments
used for measuring the observed variables correspond really to the theoretical variables
(called constructs). Internal validity (Wohlin et al., 2012) refers to the extent to which the
studied causal relationship between the treatments (independent) and the outcome (depend-
ent) variables are not spurious (i.e., modified by another variable not considered in the
experiment). Conclusion validity (Jedlitschka et al., 2008; Wohlin et al., 2012) refers to the
extent to which the results can be supported with the correct statistical tests applied to the
experimental data. Finally, external validity ((Jedlitschka et al., 2008; Wohlin et al. 2012)
refers to the extent to which the conclusions can be generalized to other similar popula-
tions. In this investigation, we applied countermeasures to reduce the threats to these four
types of validity (Appendix 4).

7 Conclusion and future work

This research concludes that the agility-rigor reconciliation problem is an issue that is cur-
rently faced by very small software development organizations. These organizations have
preferred the utilization of agile practices, but they are also pushed by competitive market
issues to reach satisfactory software process maturity levels. Thus, these organizations are
interested in combining the utilization of agile practices with adequate software process
standards and models. For this kind of organization, the ISO/IEC 29110 series of standards
and guides are available. However, to the best of our knowledge, no previous reconciliation
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Table 6 Countermeasures applied to threats to validity

Type of  Threat Countermeasure

validity

Construct e Content validity e The six instruments were selected from the literature. No new item was

of instruments added.

o Convergent e PLS (Chin, 2010) statistical method was applied. Three statements (one
validity of for Usefulness and two for Normative Beliefs) were dropped by insuf-
instruments ficient factor loadings. The remainder ones achieved satisfactory scores

(i.e., factor loadings at least 0.50). Appendix 4 reports PLS results for the
two EPGs.

o Discriminant e PLS (Chin, 2010) statistical method was applied. The square root of each
validity of AVE (average variance extracted) for each construct was at least 0.71 and
instruments greater than the correlations among constructs. Appendix 4 reports PLS

results for the two EPGs.

Internal o History e Each participant was asked to participate in a single session between
55-75 min without interruptions and null communication with other
participants.

o Testing o No pre-test was applied, and no one of the participants was informed

previously on the experimental materials.

o Statistical e Participants were not selected by a particular score on agile methods.
regression Participation was voluntary based on inclusion criteria.

o Selection e The within-subjects experiment design eliminates differences between

subjects. Each participant acts as his/her control group.
Conclu- e Reliability of e PLS (Chin, 2010) statistical method was applied. The composite reli-
sion measures ability index was at least 0.90 for 5 of the six variables and 0.75 and 0.87
for the remaining one in the Scrum EPG and Scrum + EPG, respectively.
Appendix 4 reports PLS results for the two EPGs.

e Random o The within-subjects experiment design eliminates differences between
heterogeneity of  subjects. Each participant acts as his/her control group.
subjects

o Inadequate o A Wilcoxon matched-pairs signed-rank test was applied as it is recom-
statistical tests mended for repeated measures (also known as within-subjects) experi-

mental design.
o Small sample o The non-parametric tests perform well with small samples in the range of
size 15-20 subjects.

External e Interaction of e No pre-test was applied.
testing-treat-

ments

o Interaction of o The order of application of treatments was randomly selected for each
selection-treat- participant.
ments

e Interaction of o Each experimental task was conducted with similar agreed conditions.
setting-treat- No rewards. Voluntary participation. Same experimental materials. No
ments training on materials.

affords using this standard, and the most used agile practice (i.e., Scrum) had been pursued
and released through an Electronic Process Guide (EPG).

This research has produced a reconciled Scrum+EPG, and it was evaluated from its
validity of content and usability metrics respectively by a panel of eight experts, and a
group of 32 international evaluators (including experts and novice academics, and experts
and novice professionals). The two evaluations produced satisfactory statistical results,
implying that the newly elaborated Scrum+ EPG was assessed with adequate theoretical
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content validity, as well as with adequate metrics of usability (i.e., usefulness, ease of use,
compatibility, value, normative beliefs, and attitude). Consequently, we consider that this
research provides contributions to the software engineering domain and practice and pro-
vides a high-quality reconciliation of Scrum and the Project Management process of the
ISO/IEC 29110 standard-Entry profile. Overall, this research introduces an objective pro-
cess for systematically elaborating reconciled practices, and it provides an online and free-
access EPG of the new Scrum + EPG.

Agility has helped small and very small organizations to have more predictable product
delivery, schedule, and costs. However, there are several weaknesses of agility practices
such as poor resource planning, limited documentation, and no explicit support for contin-
uous improvement. Moreover, agility does not promote software architecture design, which
helps to take better architecture decisions and as a consequence obtain higher-quality soft-
ware. We, therefore, hope that this research help to make agile practices more robust.

Regarding the use of EGPs, we do not suggest that an organization needs to use an EGP
to successfully reconcile Scrum and the ISO/IEC 29110 standard. Rather, we see an EGP
as a tool that can be useful for an organization to adopt such a reconciliation although other
means for achieving this purpose could be employed (e.g., other ways of documenting the
organization processes).

Hence, we can report that the pursued research goal of Analyze <two Scrum processes
packaged in two EPGs> for the purpose of < evaluating them > with respect to their < six
usability metrics>from the point of view of the <dual academic-professional perspec-
tive>in the context of<international academic-professional participants in an off-line
experimental mode > was successfully achieved.

As future work, we recommend the following research avenues: (1) to replicate the
experimental comparative evaluation of the two EPGs for obtaining more definitory
results; (2) to conduct a comparative analysis blocking the four groups (i.e., expert-aca-
demic, novice-academic, expert-professional, and novice-professional) to identify charac-
teristics associated with their usability metrics; (3) to refine and polish the Scrum +EPG
for producing an ISO/IEC 29110 technical report and a complimentary guide document for
very small organizations; (4) to investigate the utilization of the Means-Ends Analysis for
producing customized new software process; and (5) to investigate the automatization of
the Means-Ends Analysis for assisting software process design teams in the elaboration of
a customized reconciled agile-rigorous software process.

Finally, we encourage the research community to advance on these research avenues
for helping very small software development organizations to achieve their expected Iron
Triangle aim.

Appendix 1. Instruments

Usefulness metric statements:
e Jtem USEF#1. If I were to use the (Scrum + EPGIScrum EPG), it would enable me
to accomplish my agile project management tasks more quickly.
e Jtem USEF#2. If I were to use the (Scrum+ EPGIScrum EPG), the quality of my
work of agile project management would improve.
e Item USEF#3. If I were to use the (Scrum + EPGIScrum EPG), it would enhance my
effectiveness on the job related to agile project management.
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Ease of use metric statements:

e Jtem EOU#1. Learning to use the (Scrum +EPGIScrum EPG) would be easy for me.

e Item EOU#2. If I were to use the (Scrum+EPGIScrum EPG), it would be easy to
operate.

o Jtem EOU#3. If I were to use the (Scrum + EPGIScrum EPG), it would be difficult to
use. (This statement is codified intentionally in reverse scale).

Compatibility metric statements:

e Jtem COMP#I. If I were to use the (Scrum + EPGIScrum EPG), it would be compat-
ible with most aspects of my work related to agile project management.

e Jtem COMP#2. If I were to use the (Scrum+ EPGIScrum EPG), it would fit my work
style related to agile project management.

e Item COMP#3. If I were to use the (Scrum+ EPGIScrum EPG), it would fit well
with the way I like to work related to agile project management.

Value metric statements:

e [Jtem VAL#1. The value for saving money by using the (Scrum+ EPGIScrum EPG)
for agile project management tasks is:

e Item VAL#2. The value for saving valuable time by using the (Scrum + EPGIScrum
EPG) for agile project management tasks is:

e Item VAL#3. The value for being able to locate a wide variety of agile project man-
agement data, information, and knowledge by using the (Scrum +EPGIScrum EPG)
is:

e Item VAL#4. In overall, the value of using the (Scrum+ EPGIScrum EPG) for agile
project management tasks is:

Normative beliefs metric statements:

e Jtem NBEF#2. My close friends think I should use (Scrum+ EPGIScrum EPG) for
agile project management tasks.

e Jtem NBEF#3. My immediate supervisor thinks I should use (Scrum+ EPGIScrum
EPG) for agile project management tasks.

e [Jtem NBEF#5. My IT Department thinks I should use (Scrum+EPGIScrum EPG)
for agile project management tasks.

e Jtem NBEF#6. Other IT specialists in my work organization think I should use
(Scrum + EPGIScrum EPG) for agile project management tasks.

Attitude metric statements:

e Jtem ATT#1. All considered things, using (Scrum+EPGIScrum EPG) in my job
within the next 6 months would be [extremely negative ... extremely positive]

e Jtem ATT#2. All considered things, using (Scrum+ EPGIScrum EPG) in my job
within the next 6 months would be [extremely bad ... extremely good]

e Jtem ATT#3. All considered things, using (Scrum+EPGIScrum EPG) in my job
within the next 6 months would be [extremely harmful ... extremely beneficial]

Appendix 2. Means-ends analysis design of the scrum + EPG

A conceptual design research method from Gregor and Hevner (2013), Hevner et al.
(2004), and Mora et al. (2008) and augmented with the Means-Ends Analysis method
(Anderson, 1993; Simon & Newell, 1971) was applied for the design of the Scrum + EPG.
The applied conceptual design (CD) research method consisted of the following activities:
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CD.1 Knowledge Gap Identification, CD.2 Design Work Planning, CD.3 Conceptual
Design, CD.4 Design Evaluation, and CD.5 Analysis and Synthesis of Design Results.
Seven design research guidelines reported in Hevner et al. (2004) and fitted the Design
Science Research Knowledge Contribution Framework (DSRKCF) as an exaptation type
of contribution (Gregor & Hevner, 2013) were also applied. A knowledge contribution of
type exaptation refers to the adaptation of known solutions (i.e., the EPG artifact) to new
problems (i.e., the agility-rigor reconciliation problem).

The design research problem formulation was stated as follows: “is it feasible to design
and build the artifact [X] = {Scrum+EPG} what fulfill the set of design objectives
[DO] = {DO.1 = Scrum + EPG is theoretically valid; DO.2 = Scrum + EPG must reach at
least a high compliance level with the Project Management process of the ISO/IEC 29110
standard-Entry profile -; DO.3 = Scrum + EPG must be still perceived as an agile method by
practitioners (i.e., Scrum + EPG must not lose its agile essence); and DO.4 = Scrum + EPG
is perceived with adequate levels of usefulness, ease of use, compatibility, value, normative
beliefs, and attitude} and design restrictions [DRs] = {DR.1 = Scrum + EPG is designed,
built and evaluated in a 3-year period; DR.2 = Scrum + EPG must be designed, built and
evaluated with the assigned research budget)} by using a design process [DP] = {design
approach DA = heuristic; design method DM = Means-Ends Analysis; design knowledge
DK = {DK.1 = Scrum practices; DK.2 = Project Management process of the ISO/IEC
29110 standard-Entry profile; DK.3 = EPG design recommendations}; design parameters
DPs = {DP.1 = roles; DP.2 = activities-tasks; DP.3 = artifacts}} ?”

The design process (DP) applied a heuristic design approach (DA). Neither analytic
nor axiomatic design approaches could be used because no design equations or logical
rules were available. Thus, a heuristic design approach (practical design recommenda-
tions based on the joint research team expertise) was applied. The design method DM
was the Means-Ends Analysis (Anderson, 1993; Simon & Newell, 1971). Means-Ends
Analysis is an iterative problem-solving heuristic method that represents a design prob-
lem as a non-desired initial set of attributes (called initial state), and its solution as a
desired final set of attributes (called goal state). Means-Ends Analysis, thus, requires
defining a set of valid actions (called operators) to be applied for transforming (called
transformation sequence path) the initial state to the goal state. The set of all possible
states including the initial and goal ones is called the state space. The set of all opera-
tors is called the action space. A solution can be satisfactory or optimal. The first case
implies that is not known the best one path and it is not possible to search for all plausi-
ble paths by time or cost restrictions and a near state to the goal state was reached. This
last case implies also that the designer is aware of the practical unfeasibility to find an
optimal solution and he/she accepts a sub-optimal one but that satisfies also the minimal
expected set of pre-established criteria. The second case implies that was found the best
path regarding a set of pre-established criteria on economic costs, duration of actions,
and other related relevant metrics. The application of a heuristic design approach and the
Means-Ends Analysis consisted essentially in the application of operators that reduce the
difference between the current state and the goal state.

Further details of the application of the Means-Ends Analysis method to the design of
the Scrum + EPG are available upon request to the corresponding author.
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Appendix 3. Instructions to international evaluators

PRESENTATION

You have been contacted because you qualify as a practitioner or academic interested and skilled in using/
knowing agile software development methods (in particular Scrum) and the ISO/IEC 29110 or a related
software engineering standard. We thank you for the asked evaluation on Scrum+, which is an agile
project management methodology enhanced from the original Scrum for reaching an estimated overall
compliance level of 90% with the project management process of the Entry profile of ISO/IEC 29110.
The goal of 90% is for keeping its agility essence but at the same time to cover some identified gaps.

It must be remarked that a full compliance level (100%) was not pursued by Scrum+ EPG because it
would cause the loss of its agility approach. Thanks very much in advance for conducting the asked
evaluations for Scrum 4+ EPG. We also thank the complimentary evaluation (for comparative research
purposes) of the official Scrum EPG elaborated by EPF Consortium

INSTRUCTIONS
1. Please download the attached file containing the questionnaires:
o QUESTIONNAIRES.DOCX

2. Please, you must evaluate the two Scrum process-EPGs (original Scrum EPG and Scrum +EPG). For
doing it, we need you to select the order randomly (i.e., some people will evaluate first the Scrum EPG
and after it the Scrum + EPG, and other ones in the opposite order; it is required for statistical validation
purposes). For it, we ask you the favor of flipping a coin and:

2.1 If the result is HEAD then please navigate firstly in the Scrum 4+ EPG application for 20 min at
least and 30 min at most by using any internet browser (Explorer, Firefox, Chrome, etc.) and
please register the number of minutes finally spent in this task. You can access it at the next
URL.: http://x3620a-labdc.uaa.mx/scrum_plus/

After it, please close the browser and take a 15-min break. Then, please navigate also 20 min at
least and 30 min at most (and please also register the exact number of minutes spent in this
task) in the other Scrum EPG at: http://epf.eclipse.org/wikis/scrum/

Once completed these 2 navigations on Scrum + EPG and Scrum EPG, please continue with step
#3

2.2 If the result is TAIL, please navigate firstly in the original Scrum EPG application for 20 min
at least and 30 min at most by using any internet browser (Explorer, Firefox, Chrome, etc.) and
please register the number of minutes finally spent in this task. You can access it at the next
URL: http://epf.eclipse.org/wikis/scrum/.

After it, please close the browser and take a 15-min break. Then, please navigate also 20 min at
least and 30 min at most (and please also register the exact number of minutes spent in this
task) in the other Scrum + EPG at: http://x3620a-labdc.uaa.mx/scrum_plus/

Once completed these 2 navigations on Scrum + EPG and Scrum EPG, please continue with step #3

3. Now, we ask you to fill the USABILITY and DEMOGRAPHIC questionnaires. Both are in the same

word document entitled QUESTIONNAIRES.DOCX. This task is estimated at 30 min. We thank you
answer all questions for both Scrum + EPG and Scrum EPG.

4. Thanks very much for returning to us the filled questionnaires to the email (X) on or before (date).

Appendix 4. PLS results for the threats to construct validity

The validity and reliability of the six metrics of usability were assessed respectively with
the convergent validity of the factor loadings, the discriminant validity, and the composite
reliability index (CRI) of the PLS statistical method (Chin, 2010). Three statements (one
for usefulness and two for normative beliefs) were dropped by insufficient factor loadings.
The remainder ones achieved satisfactory scores (i.e., factor loadings at least 0.50). For
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the discriminant validity, the square root of each AVE (average variance extracted) of each
construct was greater than the correlations among constructs. It is verified in the corre-
lation matrix where the values in the diagonal (i.e., the square roots of the AVEs) must
be at least 0.71 and greater than the other values in the off-diagonal line. Regarding the
CRYI, all of the six metrics of usability achieved also satisfactory scores (i.e., at least 0.70).
Tables 7 and 8 report the results for Scrum EPG and Scrum + EPG, respectively. These val-
ues were obtained with the free-100-data license of the software tool SmartPLSv3 (https:/
www.smartpls.com).

Table 7 Validity and reliability of usability metrics for Scrum EPG

Item state- Usability metrics
ment code
Usefulness Ease of use Compatibility Value Normative — Atti-
beliefs tude
CRI>0.70 0.75 0.91 0.93 0.92 0.92 0.98
Convergent USEF#1 0.50 0.30 0.29 0.09 0.24 0.09
validity of USEF#2 0.88 0.14 0.42 0.42 0.46 0.42
concepts USEF#3 0.71 -0.08 -0.02 0.25 0.29 0.25
(Factor load- EOU#1 0.19 0.96 0.55 0.31 0.27 0.47
ings > 0.50) EOU#2 0.12 0.96 0.63 0.19 0.23 0.34
EOU#3 -0.15 0.71 0.22 -0.09 0.02 0.34
COMP#1 0.26 0.53 0.85 0.40 0.20 0.33
COMP#2 0.43 0.44 0.92 0.35 0.42 0.36
COMP#3 0.23 0.58 0.93 0.39 0.42 0.37
VAL#1 0.48 0.06 0.31 0.83 0.39 0.30
VAL#2 0.29 0.35 0.31 0.85 0.58 0.34
VAL#3 0.23 -0.05 0.18 0.82 0.51 0.44
VAL#4 0.37 0.28 0.54 0.93 0.67 0.54
NBEF#2 0.39 0.12 0.13 0.54 0.81 0.37
NBEF#3 0.38 0.10 0.13 0.62 0.84 0.54
NBEF#5 0.45 0.30 0.45 0.46 0.92 0.59
NBEF#6 0.45 0.24 0.60 0.55 0.86 0.54
ATT#1 0.27 0.29 0.33 0.52 0.62 0.97
ATTH#2 0.27 0.51 0.43 0.39 0.64 0.97
ATTH#3 0.31 0.44 0.40 0.46 0.50 0.95
Discriminant Usefulness 0.71 0.12 0.33 0.42 0.49 0.29
validity Easeofuse  0.12 0.89 0.58 0.21 0.23 0.43
(square Compatibility 0.33 0.58 0.90 0.42 0.39 0.40
root of Value 0.42 0.21 0.42 0.86 0.63 0.48
AVE > 0.71) Normative 0.49 0.23 0.39 0.63 0.86 0.58
beliefs 0.29 0.43 0.40 0.48 0.58 0.96
Attitude
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Table 8 Validity and reliability of usability metrics for Scrum + EPG

Item state- Usability metrics
ment code
Usefulness Ease of Compatibility Value Normative Attitude
use beliefs

CRI > 0.70 0.87 0.92 0.93 091 0.93 0.97
Convergent USEF#1 0.89 0.54 0.44 0.65 0.46 0.26
validity of USEF#2 0.80 0.10 0.23 0.43 0.27 0.17
concepts USEF#3 0.82 0.45 0.51 0.44 0.21 0.42
(Factor load- EOU#1 045 0.83 0.46 0.47 0.30 0.35
ings > 0.50) EOU#2 0.42 0.92 0.66 0.49 0.47 0.59
EOU#3 0.39 0.91 0.74 0.66 0.49 0.64
COMP#1 0.37 0.56 0.88 0.67 0.30 0.36
COMP#2 0.46 0.65 0.91 0.58 0.45 0.46
COMP#3 0.45 0.71 091 0.70 0.37 0.64
VAL#1 0.56 0.48 0.57 0.85 0.40 0.28
VAL#2 0.55 0.66 0.69 0.92 0.46 0.39
VAL#3 0.40 0.27 0.51 0.72 0.45 0.41
VAL#4 0.60 0.62 0.67 0.88 0.63 0.56
NBEF#2 0.31 0.45 0.20 0.41 0.72 0.35
NBEF#3 0.21 0.31 0.22 0.40 091 0.64
NBEF#5 0.44 0.52 0.50 0.63 0.94 0.69
NBEF#6 0.44 0.46 0.48 0.56 0.90 0.57
ATT#1 0.23 0.49 043 0.38 0.71 0.94
ATT#2 0.30 0.62 0.56 0.47 0.66 0.99
ATTH#3 043 0.67 0.62 0.55 0.55 0.95
Discriminant Usefulness 0.83 0.46 0.48 0.63 0.40 0.33
validity Ease of use 0.46 0.89 0.72 0.62 0.49 0.62
(square Compatibility 0.48 0.72 0.90 0.73 0.42 0.56
root of Value 0.63 0.62 0.73 0.85 0.58 0.49
AVE >0.71) Normative 0.40 0.49 0.42 0.58 0.87 0.67
beliefs 0.33 0.62 0.56 0.49 0.67 0.96

Attitude

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11219-021-09552-3.
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