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With the findings from the literature review and the feedback from the respondents it was found that
there are a few established models and methods available for course design that can be incorporated
into an Course Development Framework.

A relatively well used instructional design model, ADDIE, can be used to design a course, as it pro-
vides for the analysis, designing, developing, and evaluation of a course as discussed earlier. How-
evet, it lacks the motivational design elements that ARCS-V can provide. Motivational design ele-
ments proved to be an issue for the respondents as can be seen from the responses. The ARCS-V
motivational model could be used in an Course Development Framework to provide motivational
design elements. Furthermore, Bloom’s taxonomy could be incorporated in the Course Development
Framework as a method to evaluate the learning levels of the learning objectives as was discussed in
the literature review. By using the answers a Course Development Framework was created as shown
in Figure 9.

Analysis Phase

Figure 10 details the Analysis phase of the Course Development Framework. In this phase, a course
designer should do a variety of activities, including: considering the relevance of the course (Which
emerging technologies or concepts will be delivered?), conduct market research (what are others do-
ing, what is relevant to the industry or field?), consider the target audience and pre-requisites (age-
group, education level, skills, admission requirements, cateer possibilities, €tc), identify and gather rel-
evant academic and research papers. Additionally, learner outcomes (Purpose of course) and Learn-
ing Objectives of the course have to be defined, and module and assessment criteria defined.

Figure 10: The Analysis Phase of the Course development Framework (van Wyk, 2019).

Design Phase

In the Design phase, academics need to develop the learning activities, assessment, and methods of
delivery. In addition, they should develop the strategies on how to present the course material.

When designing the course, a learning theory and philosophy can be considered. Constructivism the-
ory fits well for technologies, such as 10T, VR, Al, Robotics, Game Development, Or 3D Design,
since it encourages active learning. Choosing a fitting learning theory will enable the educator to de-
cide which types of learning activities and assessments to create. The Design phase should be
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developed by building in learner motivation by using the ARCS-V elements (Attention, Relevance,
Confidence, Volition) as guide to see if each element of the course contains one of these aspects and
all aspects in each module or lesson if possible. Bloom's Taxonomy should be used to design the
learning objectives using ARCS-V to guide the motivational aspects of the course design.

Capture the interest of
learners and stimulate
the curiosity to learn.

Are the learners going
to be interested? What
tactics will stimulate
their curiosity and
interest?

Story.
Personalisation.
Discussions.
Gamification.
Game-based learning.
Humor.

Interesting, or thought
provoking content.
Realtime or video.

List of interesting uses
and applications for
course topics.

Include social elements.

Group activities.
Research elements.

Participation activities.

Meet the personal
needs/ goals of the
learner to effect a
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Will learners believe it is
valuable? What can | do
to help them believe it
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Learning Objectives.
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Show industry related
and up to date content.

Case Studies.

Chat with industry
experts (Online Guest
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Research elements.

ARCS-V

Using the ARCS-V motivational learning model in the Design phase of the ADDIE
Instructional Design model.
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for success.
Reinforce confidence in
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what do | need to do to
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Clear instruction on LMS
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Solicit feedback.

Show interest from a
educator perspective.
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continued success.
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about their experience
and desire to continue
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on getting this far.
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Figure 11: Using ARCS-V in the Design stage of ADDIE (van Wyk, 2019).
Figure 11 Shows a course designer how to use ARCS-V in the Design stage of ADDIE. In the De-

sign phase of the Course Development Framework, a course designer needs to decide on IT requite-
ments, platforms, systems, bandwidth, etc. for course delivery, facilitation, and student participation,
taking user experience and accessibility options into consideration. Learning activities should be de-
signed by using motivational aspects in learning (Use ARCS-V to guide the motivational design).
Learning objectives and assessment methods should be designed using Bloom's Taxonomy (Planning
verbs), clear evaluation criteria need to be created and made available. Designers should consider de-
signing interactive content (Attention, Satisfaction, Relevance), using short Videos to grab learnet’s
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attention, include examples that might be useful and relevant to the students. Frequent feedback
should be provided (Confidence, Satisfaction). Appropriate assessments (Relevance, Confidence, Sat-
isfaction) need to be defined, and Game-based learning considered (Attention, Confidence, Satisfac-
tion, Volition). Ensure the learning activities USe multiple methods of learning if possible, and reflect
on the learning objectives from the learnet’s perspective and align the learning activities to them.

Development phase

Figure 12 shows the Development phase of the Course Development Framework.

Remember Understand Apply Analyze Evaluate Create
recognizing interprating executing (carrying differentiating chacking generating
(identifying) (clarifying, out) (discriminating, (coordinating, (hypothesizing)
recalling (retrieving) pal.’-lphh’-ls:.lng. implementing (using) dushngumhlng, : dets..»ctlng, [onkonng, planning (designing)

representing, focusing, selecting) testing)

: roducing (construct)

UL organizing (finding, critiquing (judging) Lz g

exemplifying coherence,

(illustrating, integrating, outlining,

instantiating) parsing, structuring)

classifying attributing

(categorizing, (deconstructing)

subsuming)

SUMMAarizing

(abstracting,

generalizing)

inferring (concluding,
extrapolating,
interpolating,
predicting)

comparing
(contrasting,
mapping, matching)
axplaining
(constructing models)

s

3 Develﬁnt

Figure 12: The Development Phase of the Course Development Framework (van Wyk, 2019).

In the Development phase of the Course Development Framework the academic analyses the needs
of the learners by looking at the educational objectives of the course and designing the outcomes to
align to the educational goals. The academic needs to develop activities and content that will help the
learner improve performance. The content and activities need to be developed, and one must con-
sider how it will integrate with the Learner Management System (LMS). When developing content
consider the tone, readability and context of the writing style, and try develop interactive content. An
academic should set up and develop social interaction areas.

Implementation phase

In the Implementation phase of the Course Development Framework, the learning material and ac-
tivities are put into practice and the learners are given access to the course. This phase is an active in-
volvement phase and the educator should be well prepared to deal with learner questions and issues.
Use ARCS-V to check if initial analysis is correct. Use Bloom's taxonomy to check if learning out-
comes and objectives are still in line with data from the Design phase.
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Evaluation phase

In the Evaluation phase of the Course Development Framework, a course designer could assess if
the course was successful and effective. It also identifies if there are any issues present and if any as-
pects of the course can be improved upon. The designer will then go through the Analysis, Design,
Development and Implementation steps iteratively t0 improve the course. Look at ways to continu-
ally enhance the course. Collect data on learner engagement and activity (Did learners’ access and
start the course, where did they spending the most time and the least time)? Collect feedback from
learners (Survey/Polls/Reflections) to determine satisfaction and performance of the coutse.

THE DEVELOPMENT OF THE 10T COURSE USING THE FRAMEWORK

Research question RQ4 was, “How can the Course Development Framework be used to develop
courses on emerging technologies?”

An 10T course outline was chosen to build a test case for the Course Development Framework as
such a s course was requested by an institution. The Course Development Framework detailed in
Figure 9 was used to build an 10T course. Figure 13 shows the Course Description for the 10T
Course, including the topics or modules to be covered, and Figure 14 shows the overall assignments
and grading values.

Course Description

Internet of Things (loT) course

Equipment

Course Scope Course Topics

Requirements

* Introduction

* Course Description
The course aims to provide students
with an understanding of the
complexities and issues involved in the
Internet of Things (loT). loT is
continually expanding, and business
and IT professionals need to
understand what 10T is, how it works,
what is the potential of 10T, and how to
use loT to improve business.

*Prerequisites:
No special pre-requisites for the course
beyond being interested in Information

Technology

times.

* Recommended Software:
Mentimeter and other freely available
software.

* Other Requirements:
Stable Internet Connection
Office tools (MS Office)

* Credits: * Required Hardware: * No text book required

a0 Allstudents are expected to bring AT » Readings will be provided *loT itecture & Business
* Course Length: LEAST ONE mobile device to each * Design Thinking Waorkshop * |oT Sensors & Devices

3 weeks ‘seminar, which MUST be on atall » 10T Networks & Platforms

® 10T on the Edge of the Cloud

® |oT Programming & Software

® Ul, UX & Design Thinking,

* 10T Big Data/Analytics/Business
Intelligence

* |oT Security & Privacy

* 10T Project Management

* 10T Innovation Management

* 10T Value

* Final Project Presentations

Figure 13. Course Description for the 10T Course.

Participation/Answers/Questions in seminar 20%
Videos in Seminar 20%
Reflection 10%
Final Project Presentation 50%
Total: 100%
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Figure 14. The assignments and grading values.

Figures 15 and 16 show two of the topics (modules 3 and 8) for the 10T course— obviously one
would need need to build one for each module of a course. The blue blocks shows the Bloom'’s Tax-
onomy levels for each part of the Learning Outcomes, while the orange blocks show the ARCS-V
criteria for each of the chosen activities, assessments and course content.

The mixed project-based approach that an IoT course required the need for a theory that can be used
to draw knowledge from various different areas (Liagkou et al., 2019). Thus, the framework needed
to make use of a learning theory that promotes an open approach to design interpretation as well as
build upon previous knowledge gained as the student progresses through the course. Constructivism
fulfils these requirements as discussed (Harasim, 2017; Jiang, 2019).

ARCS-V was used in combination with the constructivist theory and Bloom’s taxonomy to develop a
framework for an IoT course outline. The ARC-V motivational model was used to establish motiva-
tion as a fundamental guiding principle in the course outline. ADDIE has been previously used with
the constructivist theory as shown in the paper by Trust and Pektas (2018); ARCS-V adds the re-
quired motivational elements as it allows for a motivationally aligned learning methodology while be-
ing flexible and focuses on learners. Bloom's taxonomy establishes the learning levels of the learning
objectives.

Module 3: Sensors & Devices (Things)

BLOOMS' TAXONOMY : Remember | Understand | Apply | Analyse | Evaluate | Create ARCS-V A = Attention R = Relevance C = Confidence § = Satisfaction V = Volition

:iele kT Learning Outcomes
SN Have knowledge of a variety of 10T sensors and their capabilities,
“LLESELLE and be able to evaluate practical use. Builds towards Projectin
showing capabilities and potential use of sensors.

Resources

Video on Sensors and devices — sourced by student.
Video on using sensors

'8 Understand sensor options, and be able to use sensors to collect Course slides

So 0 data. Builds towards Project in selecting sensors to collect and Links to further information, models, theories and guides, best

respond to project requirements.

practices etc.

An UECR Gain skills by considering different properties and attributes of
S sensors. Builds towards Project in teaching how to create an loT

system.

SR Activities AT Assessments

LV LGE e e Posts onto LMS of useful videos of sensors and features students

Ul e[ Partidpationin class: Students were paired into teams to develop
discovered.

an loT project. Students are in early stages of project, so questioned
about possible choices and reasons for making choices — answers

S LI Find and post examples of unreal (fantastic) loT projects. and questions assessed by academic (In class Q%A make up 20%)

L e[ Onestudentin each class is selected as Scribe — responsible to

“U[i e [ Class Exerdises. Students given exercise to complete and to discuss
ensure all videos, discussions, articles are posted onto LMS

such as: Make a table of loT devices by function and industry, find
and share useful video's/articles on loT Sensors & Devices.
Develop a clear statement of what sensors and devices are to be
used in project for what, should be related to the problem & be
realistic

Figure 15. Module 3 of the 10T course.
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Module 8: Big Data, Business Analytics & Business Intelligence

BLOOMS' TAXONOMY : Remember | Understand | Apply | Analyse | Evaluate | Create ARCS-V A = Attention R = Relevance C = Confidence § = Satisfaction V = Volition

:isle L0 Learning Outcomes
1., Have solid understanding of Big Data, Business Analytics and
Understand Business Intelligence, the flow from one to the next, AND how
the three integrate.

Resources
Videos on BD, BA & Bl - sourced by students.

L0 8 Courseslides

Solid skillsin developing an 10T application which uses Big

Appl Links to furth formation, models, th d guides, best
AnaFll:lzl Data, Business Analytics and Business Intelligence. Taking all RYE | Ln urther information, modets, theories anc guides, be
~ 1 the previously leamt skills into account the students are practices efc..

00 preparingto deliver a final projectwith all the elements in

place PSR E B RE interactive loT card game
AUSS L Activities AUS L Assessments
[ &[5 Postsonto LMS on BD, BA & Bl issues/videos students discovered. U i [e o | Participationin class: Student teams to develop an loT project.

Students are in later stages of project, so questioned about choices
made and reasons for making choices — answers and questions
assessed by academic (In class Q&A make up 20%)

e [ Find and post examples of unreal (fantastic) loT projects.

015 e [ Onestudent in each class is selected as Scribe - responsible to
ensure all videos, discussions, articles are posted onto LMS A|R[C|S|V Class Exercises. Student teams given loT card game to complete
and to discuss.

S le L Teams take part in interactive loT card game. Game has 6 packs,
Things, Services, Human Actions, Feedback, Missions, & Criteria. A|R|CIS|V Develop a dear statement of what sensors and devices are to be
Teams to select and discuss cards from each pack that are relevant used in project for what, should be related to the problem & be
for the user and the problem of final IoT ptoject. realistic

Figure 16. Module 8 of the 10T course.

Similarly to the ARCS-V model, the constructivist theory focuses specifically on learners. When con-
sidering the learner, the constructivism theory takes into account learners’ previous experiences and
knowledge around the subject (Juvova et al., 2015). The ARCS-V model emphasizes the learners’
motivation and strives to engage by first grabbing attention, showing the relevance and instilling the
confidence that is needed (Keller, 2010; Li & Keller, 2018). Building a course, the instructor needs to
establish motivation as well as provide @ NON-rigid approach to the students’ delivery of activities.
The course activities should provide a choice of themes or ask the students to choose their own ideas
as a development project and in doing so, provide satisfaction by seeing their ideas brought to reality
through the coursework (Keller, 2016; Trust & Pektas, 2018).

The course design for the 10T course began by describing to students what the course will cover,
what the students can expect, and what the students are expected to deliver. Using examples that
bring the previous expetience into consideration, the academic developed activities that show how
the learning made use of existing skills (Arghode et al., 2017). The material cleatly pointed out the
learning outcomes that students will accomplish by participating in the learning material and activities
(Czerkawski & Lyman, 2016).

RESPONSES FROM STUDENTS

As part of the course students were expected to submit a reflection piece (maximum 250 words) a
maximum of a week after the final lecture.

Liam stated that the course taught him to “Never stop asking questions. ...I have unfortunately often
neglected to do this.” Lucy agreed, “I learned to ask without any hesitation.”

Lucy commented about IoT as follows, “Maybe I knew how the all thing worked but I realised more
about it in the class,” and Luke said, “I learnt many new things and I found the course really benefi-
cial for my career.” Luna said, “This course really helped me to gain perspective about 10T in overall.
... I'learned much about 10T and IoT applications.”

Luke stated, “The methodology COLLECT, CONNECT, ANALYSE, ACT gave me the key strat-
egy to work on any project and in any environment.” Lucy added, “I realised more about it in the
class that everything you do in projects, class, work or life it's almost to collect information, to con-
nect them, to analyse them and then act on them.”
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Liam said, “The class exercise which we did, it showed me, that by exchanging your ideas with others
will lead you to some greater and better ideas.” Lucy commented, “By giving us a small project to en-
courage us to think about new ideas the way IoT can work further.”

Luna said, “This course really helped me to gain perspective about IoT in overall,” and “I gained pet-
spective about IoT in an interactive way.” Luke added, “This course helped me out to understand the
broader aspects of I'T and internet of things with real picture (discussion) and real examples with ana-
Iytical thinking and scope in future.

Luna said, “The course changed my opinions about DATA as | always thought the data analysis are
kind of useless thing in today’s world but | realised that data management gives you real information
to act and helps the person to identify problems, making decisionS and bringing in new criteria.”

There were supringly few negative comments, although students were asked to list both positive and
negative comments. Lucy said, “Class afterwards were not that enthusiastic as the first ones,” Liam
said there were “to few classes, more of such classes are more beneficial.”

CONCLUSION

On the outset of this research study, the aim was to discover if a useful Course Development Frame-
work could be developed that would support academics in the development of courses for emerging
technologies.

Through the literature review it was discovered that learning theories could play a significant guiding
role in the development of courses. Howevet, the study found that academics don’t explicitly use
learning theoties when developing courses and that this was attributed to academics feeling that hav-
ing developed courses, they had a ‘feel’ for what works and what does not. This study found that
constructivism is well suited for emerging technology courses because of the nature of building on
previous knowledge and putting the learner at the centre of the learning experience.

The ADDIE instructional design model was found to be relevant and well suited for course develop-
ment. It was found that academics do not use motivational models in their course design, but that
they once again use the experience to guide them as to which aspects would guide learners and keep
them motivated. This research found that the ARCS-V motivational design model is an excellent
model to use as a guiding model for designing motivational elements into a course. This was espe-
cially valid and useful when using motivational elements at each stage of the ADDIE design process,
as this could be used as a check to add attention, relevance, confidence, and volition driving activities
and content to the Course Development Framework. Through this research it was discovered that
Bloom’s taxonomy was useful in guiding learning outcomes, @S academics used Bloom's quite exten-
sively when developing courses and often used, perhaps mistakenly, as an instructional design model.

A Coutrse Development Framework was developed by discovering what learning theotries were use-
ful, as well as which models and methods could be used. The Framework combined the ARCS-V
motivational model and Blooms taxonomy with the ADDIE model to develop a Framework that can
guide academics when creating a course for emerging technologies.

Future research could be conducted in the effectiveness of using the Course Development Frame-
work to test other courses on emerging technologies.

Research in the field of Brain Compatible Learning Principles and combining or using it with the
Course Development Framework could provide further insights into advancements in course design
and development.
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ABSTRACT

Aim/Purpose The first goal is to develop a decision support system for pricing and produc-
tion amounts for a firm facing high levels of product returns. The second
goal is to improve the management of the product returns process.

Background A food importer and manufacturer in Israel with a significant product returns
rate.

Methodology A decision support module was added to the plant’s information system. The
module is based on a supply chain pricing model and uses the sales data to
infer future demand’s distribution. Exrgonomic models were used to improve
the design of the returns warchouse and the handling of the returns.

Contribution The decision suppott system allows to improve the plant’s pricing and quan-
tity planning. Consequently, it reduced the number of product returns. The
new design of the returns process improves worker’s productivity, reduces
losses and results in safer outcomes.

Findings The results show the promise of incorporating pricing supply chain models
into informing systems to achieve a practical business goal.

RecommendationS  This work can be replicated for different suppliers, manufacturers and retail-
for Practitioners ers that suffer from product returns. They will benefit from the reduction in
returns, as well as the decrease in the losses associated with these returns.
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Recommendations It is worthwhile to research whether decision support systems can be applied
for Researchers to other aspects of the otganizations’ operations.

Impact on Society ~ Product returns is a lose-lose situation for producers, retailers and customers.
Moreover, mismanagement of these returns is harmful for the environment
and may result in the case of foods, iN health hazards. Reducing returns and
improving the handling improves sustainability and is beneficial for society.

Future Research The DSS’s undetlying pricing model assumes a specific business setting. This
can be extended using other pricing models and applying them in a similar
fashion to the current application.

Keywords Supply chain, pricing model, Israel, food industry, product returns, decision
support system, ergonomics

INTRODUCTION

Information systems have many important roles in complex business environments, ranging from
simple information-keeping to complex analysis and decision making. In this paper, we describe an
in-house upgrade that transformed a basic marketing and sales information system into a decision
supportt system (DSS) for the control of product returns by determining the sales quantities and
prices and the onsite warchouse management of these returns.

This system was developed in a midsized food manufacturer and importer in Israel (henceforward,
the manufacturer). The manufacturer imports, produces and markets almost a thousand different
product types ranging from legumes, grains, spices, dry fruits, candies and packaged snacks. Its
annual sales are near 150 million NIS (approximately 45 million USD) and operations are conducted
in a single facility. Distribution to the retailers is generally done by the manufacturer’s own fleet of
trucks. Many of itS items are seasonal and correlate with the Jewish holidays and therefore workload
and sales, fluctuate throughout the year. The manufacturer is unique in that it is very popular among
the religious population in Israel who demand that all its products are Kosher-certified (see, Giat,
2018 for considerations about certification). The religious population in Israel has a small per capita
purchasing power compared with other population segments and therefore, retailers in this market
face fierce competition with small profit margins. Returns are a very costly component in this market
(Reagan, 2016) and, therefore, minimizing these costs IS of outmost importance to the manufacturers
and the retailers alike.

For our manufacturer, the main source of returns is the manufacturer’s policy to ship the retailer any
amount that the retailer demands even though it is quite likely that the retailer will be unable to sell it.
As part of the deal the manufacturer guarantees the retailer that it will accept any returned amount.
The producet’s reasoning behind this sales scheme is to gain as much presence in the retailet’s shelf
space in otrder to attract as much market share as possible.

For many typeS of products, however, there is no such advantage to the manufacturer. These are
mainly products that only the manufacturer produces and, therefore, does not face competition from
other manufacturers. Since, however, the agreement with the retailer about accepting back any
amount that it wishes to return is still binding, the only way to reduce the retailet’s order size is by
employing pricing schemes that will cause the retailer to order the optimal amount. The first goal of
this study is to implement such a scheme in the manufacturer’s information system.

The second goal of this study is to redesign the facility and the operations of the returns process. Re-
grettably, the current managing and handling of the returns is inadequate. This mismanagement re-
sults in monetary losses not to mention the potential for health hazards if spoiled foods are returned
to the market. We use ergonomic methods to redesign the facility in which returns are received and
handled and implement procedures on how they are to be handled.
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LITERATURE REVIEW

We use a supply chain coordination model that is described in Cachon and Lariviere (2005) to calcu-
late the optimal prices and quantities. They show that the competition between the suppliet (ot pro-
ducer or manufacturer) and the retailer leads to losses to all the parties involved including the cus-
tomers. They explain that to eliminate these losses and achieve the optimal solution the supply chain
must be coordinated. They analyze a few models that achieve this goal. The two main schemes are
revenue sharing and buyback.

The revenue sharing scheme is when the retailer and the supplier contract to share revenues from
customers and was famously applied by Hollywood studios and the video chain Blockbuster (see

Warren & Peers, 2002). Recent research in these types of contracts includes Hu and Feng (2017),
Hou et al. (2017), Gamchi and Torabi (2018), and Gerchak and Schwartz (2018).

Buyback contracts dictate that the supplier agrees to purchase back from the retailer some or all the
quantity that the retailer was unable to sell, thus mitigating the classical “newsvendor” problem (Ar-
row et al., 1951). Recent research about buyback supply chain coordination models include Adhikari
(2016), Duc et al. (2018), and Sainathan and Groenevelt (2019).

One of the variants of the buyback schemes is the supplier agreeing to buy back at the full wholesale
cost part or all of the unsold items. The agreements are prevalent in the retail business and as a result
many suppliers deal with a large returns volume. Rogers et al. (2002) presents an overview of the re-
turns’ management process and Mollenkopf et al. (2007) provide a supply chain logistics perspective
to this managerial challenge. The returns problem is an important component of the field of reverse
logistics (see Dekker et al., 2013, and Srivastava & Srivastava, 2006) and the more recent term
“closed-loop supply chain”, which also deals with broader issues such as waste management, sustain-
ability, end-of-life, cannibalization (e.g., Dreyfuss et al., 2018) and repair (e.g., Dreyfuss & Giat, 2017,
and Dreyfuss & Giat, 2018a). Recent reviews of the field are Govindan, Soleimani, and Kannan
(2015), Govindan and Soleimani (2017), and Wang et al. (2017).

The supply coordination models assume there is information sharing between the supplier and the
retailer. In fact, this information sharing is essential to mitigate many types of supply chain disrup-
tions. For example, the “bull-whip effect” (also known as the Forrester effect), is a phenomenon in
which small fluctuation of demands tend to amplify as they move up the supply chains (Forrester,
1961; Lee et al., 2004). Information sharing is key to mitigating the bull-whip effect. A famous exam-
ple of this is Grean and Shaw’s (2002) description of the successful relationship between Proctor &
Gamble and Wal-Mart. Information coordination and shating between these corporates was key to
their successful relationship and to the elimination of the bull-whip effect.

Information systems for business management are known as ERP (Enterprise Resource Planning)
systems and cover the whole scope of the business operations (see Jacobs, 2007; Soh et al., 2000).
The disadvantage of “off the shelf” ERP systems (by vendors like SAP, Oracle, Microsoft and oth-
ers) is that they may not address the specific idiosyncratic needs of the business. Moreover, busi-
nesses’ needs are not only complex but rapidly changing requiring numerous updates and special
software patches to address these complexities and changes. Consequently, many businesses opt to
develop their ERP system in house so that they are tailored to their specific needs and requirements
(see a similar approach with government websites in Bouhnik et al., 2013). Another advantage of in-
house development is the ability to install investments, thus expending the costs only when it is prof-
itable to do so (Giat, 2013).

Another advantage of developing in-house systems is that the user of these systems knows best what
tasks must be achieved. This is crucial for any successful informing system, as Cohen (1999) points
out that “the driving force behind the creation of informing environments and delivery systems is
that a task needs to be accomplished” (page 217). In the case of a for-profit business enterprise the
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required tasks are very complex and therefore require sophisticated informing systems. See more on
the relationship between task complexity and informing systems in Gill (2000).

In our particular case the informing system is required to help decide prices and quantities. As such,
it also serves as a decision support system (DSS). There are various ways to model such systems (e.g.,
Aggarwal, 2001) and they are used in a wide array of applications (e.g., Cornforth et al., 2014; Drey-
fuss & Giat, 2018b; Mbugua & Suksa-ngiam, 2018).

To organize the returns warehouse in the factory, we employ methods frOm the field of ergonomics.
This field of research combines human factors with operations, engineering and design and is OVer-
viewed in many publications, including Sanders and McCormick (1993), McCauley-Bush (2011), Sal-
vendy (2012) and Stanton et al. (2017). Of interest to this paper is Wilkinson and Aerodrome (1992)
who develops a design methodology that uses an analysis of operational procedures and require-
ments for the design of a fighter jet cockpit. Although their model was developed in the military avia-
tion context, it is in fact generic and can be applied to other domains. Badihi and Trabelsi (2016) ex-
tend Wilkinson’s and Aerodrome’s model in their model for an ergonomic design and organization
of operations. Their model details many aspects of the mission and the user profiles and then uses
this information for a detailed design of the workplace physical and operational structure.

THE INFORMATION SYSTEM

The information system contains two modules:
1. A database that stores all the sales and returns data.

2. A decision support system that evaluates the sales data and makes specific
recommendations.

Sales and return data are the information generated along the sales-returns process. This process
comprises a number of steps:

1. Determining the amounts and prices through negotiation with the retailer.
2. Distribution to the retailer. This is done by the manufacturet’s trucking fleet.
3. 'The retailer gives the manufacturer’s driver the returns

4. Returns’ management within the plant. This may result in discarding, repackaging and/or
reselling,

DATABASE

The information generated during the sales-returns process is recorded in the database. It serves
many purposes such as for general accounting, determining performance of the sales marketing/sales
agents and so forth.

The database includes two main modules:

Sales module — Includes screens updating the sales of the different products. It records the salesper-
son who made the deal, the retailer, amount, prices and other relevant information.

Return’s module — Includes information regarding the returns. Who initiated the return, reason for
return, retailer details, driver that delivered it back, the person in charge in the returns facility in the
plant, what corrective actions were taken, was it resold, and so forth.

As with any database it is imperative that the user intetface is as friendly as possible. This is especially
true in this particular project in which the users speak different languages (only part of the employees
are native Hebrew speakers, whereas the otherS are either Arabic speakers or Russian speakers).

Moreover, the computer skills of the prospective users are varied. Many of the employees (especially
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the drivers and those receiving and handling returns in the facility) have a very basic level of educa-
tion (some did not even graduate high school) and their digital literacy may be minimal.

The importance of information that is stored in the database goes beyond itS accounting value and is
used as a critical source of input for the DSS module. It provides the data needed to determine the
consumer demand, which is necessary for the supply chain pricing model that determines the
recommeneded prices and amounts. To show how this is done we first describe the pricing model.

THE PrRICING MODEL

At the heart of the DSS is the supply chain model described in Cachon and Lativiere (2005). This is a
simplified supply chain that comprises two stages; the supplier and the retailer. Each of the stages is
monopolistic (i.e., single supplier and single retailer). The supplier sells to the retailer at the wholesale
price, denoted by w, and the retailer sells to customers at the customer price, denoted by p. Demand
is stochastic and is assumed to be D (D is a random variable) with a known distribution. See Figure 1
for a schematic overview of the supply chain. The supplier has a marginal production (or import)
cost, ¢s. In our plant, these costs could be manufacturing costs (for items manufactured in the plant)
Or purchasing costs (for imported items) in addition to the packaging, shipping and handling costs. In
the more general case, costs need not be linear with the amount of production (or import). However,
after consulting with the operations and finance staff it was agreed that a constant unit cost is a good
approximate for the true costs. The following detivations are basic economic theory and are provided
to introduce readers that are not from the field to the basic concepts.

Single Supplier Single Retailer Customers
Fixed marginal cost w Fixed marginal cost b Stochastic demand
Cs » Cy E D

Figure 1: Supply chain structure

The plant and the retailer are separate entities and are (currently) not coordinated, therefore, each
party’s goal is to maximize its own profits. More precisely, they are assumed to be risk-neutral and
therefore their goal is to maximize their expected profits. Their actual decisions, however, are differ-
ent. Whereas the supplier determines the wholesale cost, the retailer responds with ordering the
amount that will maximize its expected profits’ given by

E[n,(q)] = E[pMin{q,D} — wq — c¢,q]

In the profit function, the revenue is the customer price, p, multiplied by the amount sold, which is
the smaller of the quantity that the retailer ordered, g, and the realized demand, D.

Anticipating this, the supplier will carefully set the wholesale price and the amount (W, q) to maxim-
ize its own profit, given by

Ty = wq — ¢5(q)

To detive equilibrium outcome, we begin with analyzing the retailet’s best response (i.e., the quantity
that maximizes its profit) to the wholesale price, w.

max [7-(q)] = E[pMin{q, D} —wq — c,q]
= pE[Min{q,D}] — (W + c,)q

= plJ%, f(DIDAD + [ qf (DYAD] — (W + ¢, )q

51



Pricing Support System

If, for example, we assume that demand is distributed uniformly between a and b (i.e., D~U(a, b)),
then E[Min{q,D}] = ﬁ (—0.5¢% + bq — 0.5a?), and the retailers optimization problem is

max £
qa b—a

(—0.5¢% + bq) — (W + ¢,)q.

The first order optimization condition is
—p bp
+
b—al"b—a
w+cp)(b—a)

-w—c¢=0

That is, the retailer’s best responseisq = b — . From the suppliet’s perspective, the re-

tailer's demand follows
i Clal D
b—a r

Anticipating this response, the supplier optimization problem is

(p(b —q)

maxmg = wq — Csq = ﬁ_cr)q_ Csq

q

and therefore, the equilibrium quantity that solves the supplier’s problem is: q = 2 - (crw;—;(b—a)

In the above we assume internal solutions (which obviously depend on the parameter values). The
problem with this equilibrium solution is that it is suboptimal for the supply chain as a whole. One
can easily show, that to optimize the total (retailer and supplier) profits then the optimal quantity is
qy = bh— (crtes)(b—a)

Assigning this to the profits reveals that the total supply chain profits are 4/3 times higher than the
sum of the profits of the retailer and supplier in the uncoordinated supply chain. Therefore, if the
supplier and the retailer could agtee to cooperate optimally, they could not only each earn more prof-
its, but also provide more benefit to the customers, which will purchase more at a lower cost.

, which is double the equilibrium quantity of the uncoordinated supply chain.

One model that coordinates the supply chain with this goal in mind is the buy-back model in which
the supplier agrees to purchase back all the unsold items for price B. Without the coordination, the
retailer bears all the risk (that demand will fall short and she will be unable to sell all her order) and
therefore the retailer is inclined to purchase suboptimal amounts. Since risk is non-linear, when the
supplier shares part of the risk with the retailer, the total negative effect of risk is lower, allowing
both parties to gain.

For this model to obtain optimal coordination the relationship between the buyback price and the
wholesale price must follow w = ¢ + B(1 — (¢, + ¢5)/p). The specific values of B and w deter-
mined how profits are divided between the retailer and the supplier.

We note that the equations above are for the uniform demand case. Similar techniques are employed
for other distributions. We refer the interested reader to Cachon and Lariviere (2005) for more de-
tails about the buyback contract model as well as other models for supply chain coordination.

DESCISION SUPPORT SYSTEM

The purpose of the DSS module is to assist managers with the task of making pricing decisions and
deciding on production and import amounts. To do so it uses sales data from the IS’s database mod-
ule as input for the pricing model that was described in the previous section as follows. The infor-
mation’s support system'’s general structure is given in Figure 2.
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Figure 2: DSS pricing schema

For example, a few months before the holiday seasons, managers negotiate with major retailers (this
is frequently done with the store’s procurement officer, even with stores that are part of a major
chain) the amount they will ship to them as well as the wholesale price.

The pricing model’s output crucially depends on the customer demand function (see in detail in Sec-
tion “The Pricing Model’). Therefore, to determine the optimal price and amount according to the
economic model it is necessary to determine the expected demand distribution. The system offers
three ways to do this.

1. The system determines the distribution based on past sales.

2. 'The user sets the general distribution and the system find the distribution’s best parameters
based on past sales. For example, the user may decide that demand is Normally distributed
whereas the mean and standard deviation are determined by the system.

3. 'The user determines the distribution in full. For example, the user could set the distribution
as Normal and set the mean and standard deviation.

In the second and third schemes, the user may choose any one of a given menu of distributions. The
basic menu includes the Uniform, Normal and Exponential distributions. When needed, adding
other distributions can be done very easily by the system’s maintenance team.

In the second scheme, the system determines the distribution’s parameters by matching the first mo-
ments (as many as necessary). For example, if a Normal distribution is desired, then the system uses
past data to compute the average past sales and its variance. These are then used as the parameters of
the distribution.

In the third scheme the user determines both the distribution and its parameters. This can be used
when there is insufficient historical sales data or when the user feels that past sales are irrelevant to
determining future sales.

Once the demand distribution has been determined the system provides the recommended prices.

RETURNS MANAGEMENT

The purpose of the DSS is to improve the returns process. In our examination of the factory’s re-
turns handling we found four main problems in the management of the returns:
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1. 'There is deficient documentation and classification of the returned item when taken from
the retailer.

2. Responsibilities are not defined clearly. This lack of responsibility frequently leads to things
slipping through the cracks instead of being handled efficiently.

3. Frequently, the sales agents do not fill the returns reports and therefore returns may artive to
the returns warehouse without any additional information. As a result, the returns’ depart-
ment employees struggle to determine the problem and what exactly should be done with
the returned items.

4. Many times, the distribution truck drivers do not verify that all the items listed in the returns
form are present in the returns’ pallet by the retailer. As a result, there is a mismatch between
the listed inventory and the actual inventory that arrives to the returns warehouse.

5. The returns warchouse itself was unorganized and disheveled. Boxes continuously arrived
and were piled in a very unordetly manner. Warchouse employees randomly opened boxes
and started sorting its contents to determine what to do with each item. They then created
new piles of items according the items’ designation. Examples for these designations are dis-
card, repackage, relabel, reprocess and “to be determined”.

To improve the returns management, a “Returns Management” module was designed and added to
the information system. In addition, the returns operations wete reformulated to all the workers
along the supply chain and a new physical layout of the warchouse was designed.

RETURNS WAREHOUSE DESIGN

As explained above, the current state of the warchouse is a great source of inefficiencies. For its rede-
sign we first describe the mission and user profiles.

MISSION PROFILE

The mission is defined as: Treating returns beginning with their arrival at the plant, the determination
of what actions need to be done and the execution of these actions.

Scope: From the moment the truck catrying the returns enters the plant’s gates until the treatment of
each of the items has been completed.

Mission activities:

1. Truck arrival and the unloading of the merchandise.

2. Verifying actual amounts match the amounts listed on the returns form.

3. Bringing the returns to the warehouse and classifying them as either for reuse or for disposal.
4. Handling any product as determined in the previous step.

Activities and expected results:

Each activity (and its corresponding expected result) is graded by a criticality index (CI), with CI=5
indicating very critical and CI=1 indicating least critical).

1. Activity 1: All the products that the retailer wants to return have indeed arrived at the plant.
CI =5. Without the completion of this activity the other activities could not be executed.

2. Activity 2: The returns are unloaded off the truck into the warehouse. CI =5. Without the
completion of this activity the other activities could not be executed.

3. Activity 3: The store’s declaration of returns matches the actual returns. CI=3. It prevents
fraud and losses but does not prevent other activities to be executed.
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4. Activity 4: Each product fits into one of the classification categories. CI=4. ltems that are
unfit for consumption must not return to the marketing chain.

5. Activity 5: Each product was handled according to its category. CI=>5. Saves money and pre-
vents health hazards.

Possible failures:

1. Leaving the returns on the ramps instead of immediately bringing them into the warchouse.
2. Misclassification of the returns.
3. Products wait for too long until they are handled.

Health and safety:

1. Products left outside for too long may degrade (long-term effects).

2. Classification of unfit products as fit for consumption (immediate effect).

3. Health hazard for employees working in unfit conditions (sitting on the floor or on unstable
boxes).

Activities’ order:

The activities must be executed consecutively (from Activity 1 to 5). Each activity requires that the
previous activity has been completed and therefore there is no flexibility in their order of execution.

Other consideration:
Weather: Rainy days in the winter and hot days in the summer are especially harmful to the returns.

Seasonality: Following the holidays there is a very large volume of returns that requires more than the
usual operation hours.

USER PROFILE

Psychophysiological skills: Most of the activities do not require any special skills. Incoming packages
may be heavy and surpass 30 kg. Fine motor skills are required for handling smaller items.

Mental skills: The activities do not require advanced memory ability or information processing. The
main mental requirement is the ability to classify produce using one’s own judgment.

Professionalism: The activities require professionalism. Errors in judgment or in execution can result
with health hazards and losses.

Language skills: Most of the communication is between the employees of the return’s room and with
their supervisors. Most employees converse in Arabic whereas many of the managers in Hebrew.
Therefore, basic knowledge of each of the languages in required.

Interpersonal skills: The return’s warehouse employees stay together throughout the day and have
workers come over from other departments to take produce. A calm and friendly atmosphere is
needed for improving efficiency.

MODELLING THE RETURNS' ROOM

The analysis of the mission and user profiles reveals that the cutrent state of the returns’ room does
not allow for an optimal treatment of returns. Ergonomically, it is ill designed and therefore does not
permit reasonable execution of the required activities. In its current state, employees sit on the floor
or on boxes with the merchandise accumulating into disorganized piles. The employees are working
the merchandise on the floor without presorting of any kind. Figure 3 illustrates the current state of
affairs in the room.
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Figure 3: A schema of the returns’ warehouse current state

For the redesign, we used the software Sketchup. It supports three-dimension design and is used in
many design, architecture and engineering applications. We took the room’s dimensions as given and
used ergonomic theory to redesign the room to support a proper reception of returns, their sorting
and their storage. It also considers human factors such as seating, lifting etc. In Figure 4 we plot the
room’s new design.

Figure 4: A schema of the returns’ warehouse new design

Shelves were placed along the entire length of the room to contain the products that are to be re-
packaged or resold. A table was brought into the room so that sorting or repackaging can be done
while seated. Sufficient space was left to allow a forklift to enter the room and be able to maneuver in
it safely. The boxes on the shelves are to be managed under a first-in-first-out (FIFO) policy. This
will ensure that products are not overlooked. Large containers were placed in a row. These are to be
filled according to the destination of the sorted products, disposal or factory departments (for re-
packaging). These are to be emptied at the end of each workday, thus completing the treatment of
the returns.

RESULTS AND CONCLUSIONS

This study improves the management of returns by developing a decision support information sys-
tem and by ergonomic-based design of the facility that handles the returns. In the first part, an in-
house sales information system was enhanced to support managers and sales agents in how they set
prices. This information system uses sales data that was already available in the system and processes
it to determine the optimal price to charge the retailers. As a byproduct of the maximization of prof-
its, the result is that the retailers will purchase smaller quantities and therefore the returns are mini-
mized as well. As a complement to the DSS, we improved the management and handling of the re-
turns themselves. Whereas previously the reports were never verified, in the new setting returns are
recorded and checked against the actual product arrival. Furthermore, the redesign of the warehouse
increases operations’ efficiency and reduces the risk that products that are unfit for consumption are
resold.
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The pricing model at the heart of the DSS assumes that the retailer and the supplier of the item are
monopoles. This assumption is reasonable for only a subset of the retailet’s products and for a subset
of the retailers, those that do not face competition in their specific location from other large retailers.
As a first step of testing the DSS, we selected somewhat less than a hundred (product, retailer) candi-
dates for the expetiment. Next, we assigned values to the cost variables. In most cases these data
were readily available at the plant, in others we asked the operation’s staff to provide us with their es-
timations. Historical sales data stored in the database was used to derive past demand for each of the
products. Some of the products have less than three years of sales information and for these we used
the marketing staff to estimate the demand’s distribution.
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ABSTRACT

Aim/Purpose While traditional Knowledge Management (KM) continues to neglect the
self-interests of knowledge workers as well as generative innovation poten-
tials, it also seems unable to respond to rising complexities, opportunity di-
vides, and entropies. This article follows up on a decentralized KM system-
in-progress with a specific focus on how its alternative architecture secks to
address the shortcomings.

Background It follows up on an informing perspective of client clusters and their target-
fitness/ends-states by also taking account of contextual and means-related
variances. The differing complexities of the resulting scenarios allow for
making distinctions regarding the relationships and respective KM needs be-
tween mentees/informees and mentors/informants.

Methodology The approach taken is conceptual analysis.

Contribution The analysis advances the understanding of how the envisaged KM system
would serve the informing scenario$ better compared to the current status
quo.

Findings The novel system architecture Serves the more constructive interconnection
of individual and collaborative spaces by strengthening personal, institutional,
and social digital curation and feedback across disciplinary and professional
boundaries.

Accepted by executive review by Editor Michael Jones | Received: February 2, 2020 | Revised: February 20,
2020 | Accepted: May 12, 2020.

Cite as: U. Schmitt & T. G. Gill. (2020). Entropy, generativity, and rugged fitness landscapes as the means to
rationalize a paradigm shift in knowledge management. In M. Jones (Ed.), Proceedings of InSITE 2020: Informing
Science and Information Technology Education Conference, pp. 61-78. Informing Science Institute.
https://doi.org/10.28945/4566

(CC BY-NC 4.0) This article is licensed to you under a Creative Commons Attribution-NonCommercial 4.0 International
License. When you copy and redistribute this paper in full ot in part, you need to provide proper attribution to it to ensure
that others can later locate this work (and to ensure that others do not accuse you of plagiarism). You may (and we encour-
age you to) adapt, remix, transform, and build upon the material for any non-commercial purposes. This license does not
permit you to use this material for commercial purposes.


https://doi.org/10.28945/4566
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Entropy, Generativity, and Rugged Fitness Landscapes

Future Research The example provided could serve as a model and assessment tool for inte-
grating design and informing science approaches in the study of I'T/KM arte-
facts.

Keywords knowledge management, personal knowledge management system, design
science research, informing system, digital platform ecosystem, generativity,
entropy

INTRODUCTION

A design science research (DSR) project-in-progtess is aiming for a concept and prototype system
supporting a decentralizing knowledge management (IKM) approach 10 strengthen the faculty and au-
tonomy of individuals and self-organized groups.

By mapping the complimentary dynamics of twelve traditional organizational KM models in a three-
dimensional information space, a currently neglected area favoring personal KM (PKM) has been
presented earlier (Schmitt, 2019a). The respective gaps have been elaborated on in related articles ar-
guing that the organizational objectives have continuously taken precedence over the personal con-
cerns and motivations of knowledge workers (Schmitt, 2018b), that the prioritized protection of in-
tellectual capital benefitting institutions has also been pursued at the expense of innovativeness and
generativity (Schmitt, 2019b), and that — having been introduced in a time of information scarcity —
traditional models lack the muscle to tackle today’s world of ever-growing dynamic complexity, infor-
mation abundance, and entropy which are further amplifying structural holes, invisible work, frag-
mentation, attention poverty, and opportunity divides (Schmitt, 2020).

The intensifying role of entropy in the KM context has als0 been recognized by closely linking an en-
tropic perspective to the probability distributions of personal knowledge among people in dynamic
organizational settings, to the computability of knowledge entropy for respective organizational
states, and to the interpretation of related KM interventions as organizational entropy management
(OEM) (Bratianu & Bejinaru, 2019).

From an informing perspective, this latter novel notion sheds further light on patticularly challenging
situations where informing systems are expected to meet the needs of multiple clients, many of
whom may have quite different objectives in being informed. The related informing activities have
been pictured as transitions between peaks in a rugged fitness landscape (RFL) (Gill & Mullarkey,
2017; Murphy et al., 2015) and, subsequently, been addressed in the context of the PKM project
(Schmitt & Gill, 2019).

This article aims, firstly, to establish the common ground between the OEM, RFL, and PKM ap-
proaches and argues for a further differentiation of the organizational entropy management perspec-
tive. It, secondly, re-applies the rugged fitness landscape to extend a prior analysis of how the envis-
aged PKM System would serve the RFL informing scenarios better than current practices and how it
may further evolve. The RFL scenarios are then extended further to differentiate the roles of social
curation and feedback in regard to the PKMS services to be afforded over time in a dynamic
knowledge environment.

We begin by introducing the OEM perspective and by presenting the four RFL scenarios in light of
entropy considerations. We then briefly recapitulate relevant prior work of why and how a decentral-
ized PKMS-type-approach is supposed to perform better than current practices within these contexts
and newly extend the RFL matrix t0 accommodate current deficiencies and potential affordances re-
lated to social curation and feedback. Finally, we summarize our findings in a concluding section.
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THE ORGANIZATIONAL ENTROPY MANAGEMENT PERSPECTIVE

In keeping close to the thermodynamic origin of the entropic notion and its correlated concept of
disorder within a system, Bratianu (2019) equates well-structured organizations With machines oper-
ating routinely, efficiently, reliably, and predictably with limited degrees of freedom at a low level of
entropy. A, however, social rather than mechanical systems, organizations aiming for low entropy
rely on their management to instill order through formal structures, regulations, traditions, organiza-
tional culture, and command-and-control based on labor division and decision power distribution for
productivity and efficiency.

Flatter hierarchies and networked organization allow, by comparison, for more flexibility, creativity,
competitiveness, and innovation but also demand an empowered workforce and collaborative leader-
ship styles tolerating higher levels of organizational disorder and entropy, patticularly, during organi-
zational change and transformations (Bratianu, 2019).

Bratianu’s (2019) perspective on entropy considers knowledge workers (gas molecules exhibiting di-
verse microstates in analogy to Boltzman’s probabilistic approach) as elements of an organization
(vessel containing all gas molecules as a macrostate determined by the distribution of all its mi-
crostates with their natural tendency to achieve a more probable stable macrostate). He reasons that -
in case of well-structured organizations — the number of microstates defining a possible macrostate is
significantly smaller compared to the more flexible settings Yyielding higher level of organizational en-
tropy to promote creativity and innovation.

As knowledge creation, acquisition, sharing, and loss phenomena change the organizational probabil-
ity distribution of knowledge over time, stateS of organizational knowledge entropy can be expressed
“using the Boltzmann formula: KE = - C X pjlog pi, with KE the value of knowledge entropy, C a
constant which is an arbitrary positive number chosen to adjust to a certain framework scale, and a
probability distribution py, pz, ps, ..., pn where n is the total number of employees With p represented
by normalized relative values. “This knowledge distribution can be considered related or not to a cer-
tain space or geographic framework of the organization”, while its “value of knowledge entropy (KE)
can be a very good indicator for the knowledge distribution of a certain level within the organization,
at a given moment of time” (Bratianu, 2019, p. 361, 362).

The dynamic re-distribution of knowledge within the organization through sharing and intergenera-
tional learning, accordingly, flattens the knowledge probability distribution and moves KE towards a
more stable macrostate. KE increases by enhancing the innovation capacity via knowledge creation
and acquisition (Bratianu, 2019). Since “any transformation of knowledge implies a change in the en-
tropy of the universe considered (i.e., personal knowledge or organizational knowledge)”’, managerial
interventions may increase “the probability of any employee to access needed knowledge, at a given
time and in a given place” to raise the organizational entropy and positively influence innovation and
tirm performance (Bratianu & Bejinaru, 2019).

Howevert, the starting points and objectives pursued by such informing and learning interventions
matter in respect to the entropic considerations and are to be addressed in the next section.

KNOWLEDGE-BASED RUGGED FITNESS LANDSCAPE SCENARIOS

One approach to visualize the challenges potential managerial interventionS are facing, particularly
likely in dynamic environments, is the depicting of the respective informing scenarios as transitions
between peaks in a rugged fitness landscape (Gill & Mullarkey, 2017; Murphy et al., 2015). Combin-
ing the states of (single and multiple) starting and possible ending peaks among (single or diverse) cli-
ents and targets/outcomes (Figure 1, left-and-right-hand side green rectangles) allows for the cluster-
ing of four distinct clusters C1 to C4 (represented by connecting lines) with distinct intervention sce-
narios (Schmitt & Gill, 2019):
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C1 (green-bottom-left-to-bottom-right): Need to determine a path that minimizes the duration and
loss of fitness associated with the transition utilizing lectures, videos, or manuals by the in-
forming agent.

C2 (green-bottom-lefi-to-top-right): Moving clients ‘set in their ways’ to consider and/or pursue
alternative peaks usually require assisting facilitators in order to shift paradigms and outside-
the-box-thinking.

C3 (green-top-lefi-to-bottom-right): Different paths to the distinCt target may need to be estab-
lished to accommodate the needs of different clients, self-paced learning with face-to-face
tutorials as well as individual and/or group coaching approaches.

C4 (green-top-left-to-top-right): This scenario is the most complex due to the inherent combina-
torial explosion of potential informing paths to be considered. The way to address it (in the
context of this article) is to create Opportunities where clients take considerable responsibil-
ity for mapping out their own paths and are given the appropriate tools to do so.

From: Diversity & Entropy of Initial Client Peaks High

Low

High
Y614
ybiH

3.

Diverse Trans- Amhlguous Teniuiwe

dls pllnury and/or ons, Pra P
cuhon Contexts Mel 0 gles
nghl\_‘r complex and demandlng Processes ca
including Social Digital Curation [SDCI q

Ambiguous Targets
& Envisaged Outcomes

Diverse Clients : %} g
Clearly Defined

e Tran é/
dlsu plinary an or nghcl\;, Pmchces,
Application C

Interdisciplinary Knowledge Drgan|zat| on
and Communication Requirements

Homogeneous Clients

K2

S \é&.

A b, Tt 2

ybiH
sagqupomaw puD ‘sa0yanid ‘suoydQ anypulayy Jo ssaupaﬁﬁng 0)

Disciplina Content Options, Practices,
& Appli uuhgn pi
Familiar-Space/Nowvel Approach—related
Review-Feedback-Revision-Processes

a2 SIAS

Homogeneous Clearly Defined
Discij ||nur|_|r Conieni Czﬂlms, Pmchces,
& App ication Cont:

Low Complexity Mentee-Mentor Relat| ons

N =] AN

Clear Targets/Outcomes

From: Diversity of Initial Disciplinary or Contextual Peaks
sadoospun ssauyl4 2 Adoyu3 12640} Jo ssaupabbny oL

Low

mon

& Review-Feedback-Revision-Processes

Figure 1 Clients, contexts, means, and ends of informing task scenarios from the informer
perspective (outer green clients-ends-quadrants adopted from (Murphy et al., 2015))

ENTROPY VERSUS RUGGED FITNESS LANDSCAPE SCENARIOS

While many of the scenarios are in need of following Braitianu’s (2019) perspective and of raising or-
ganizational entropy for impacting positively on innovation and firm performance, the strengthening
of success prospects may — at times — also require the exact opposite of lowering entropy, for exam-

ple:
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A C1 lowering-entropy scenario: In May 2019, images taken by the Nepalese mountaineer Nir-
mal Purja (Cheung, 2019) attracted world-wide attention by picturing a long queue of
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mountaineers waiting in line for their final short ascent to the Mount Everest. The context
behind this image provides a good Cl-case. In order to successfully climb Mount Everest
(clear target), any participant of an expedition has to be already physically and mentally well
prepared (homogenous client) in order to be acceptable for further training and guidance
with a very narrow focus: firstly, to make it back alive and healthy, and, secondly, to — hope-
fully — make it to the top in the process. The objective is, hence, to minimize any differen-
tials in the initial microstates of the mountaineers (compared to an ideal condition for sur-
vival and success), so the team is enabled to operate just as a well-structured organizational
machine routinely, efficiently, reliably, and predictably with limited degrees of freedom at a
low level of organizational entropy, especially in case of potential emergencies.

* A C2 intervention strategy may fit best with the entropy-raising approach described by Bratianu
(2019) to transform structured organizations into more flexible network communities for
meeting objectives of empowerment, innovativeness, and ambidextrous performance in
pursuit of both exploitation as well as exploration.

®  C3-C4-related intervention may try to raise entropy to further enrich the already existing diver-
sities. They may, however, also adopt entropy-reducing strategies. During the initiation of
an organizational change project, for example, the aim is to involve a diversity of organiza-
tional stakeholders and to set them on a path of fruitful collaboration. At this early stage,
the priority is to bring everybody on-board and to establish a basis for a common mutual
understanding without pushing (yet) any controversial topics which might trigger eatly con-
flicts and a premature failure of the undertaking.

e Entropy-raising interventions in the most complex C4-scenarios are also especially susceptible to the
ever-growing dynamic complexity, information abundance, and entropy alluded to in the
introduction (the next section addresses this - seemingly — entropic paradox).

It is foremost this problematic diverse-clients-ambiguous-targets (DCAT:C4) scenario (connecting
the top-green rectangles in Figure 1) that the concept, design, development, and deployment of the
decentralized PKMS intends to address. While a prior publication has already focused on the interde-
pendencies between the RFL-DCAT and PKM approach in more detail (Schmitt & Gill, 2019), the
following section summarizes these findings as a basis to integrate the OEM considerations as well as
the subsequent social curation and feedback concerns.

THE ROLE OF DIGITAL PLATFORM ECOSYSTEMS (DPES)

The decentralized PKMS (Figure 2) is envisaged to being serviced by a central Digital Platform Eco-
system (DPE), generically defined as a meta-artefact which affords clients with highly diverse skills
and ambitions to gainfully utilize its resources and generative potential in their personal and local
contexts (Eck & Uebernickel, 2016).

The DPE’s aim is not only to narrow widening opportunity divides (Giebel, 2013), but also to
strengthen the quantity and quality of individuals’ innumerable “nano-actions” which govern, if pro-
ductively combined, any organizational (knowledge economy) and societal (knowledge society) per-
formance, advancement, and viability (Wiig, 2011).

The proposed PKMS-DPE-solution “can be characterized as a social machine platform” that would
offer its collective user community facilities for digitally capturing, creating, modifying, classifying,
combining, and accessing atomic information structures (referred to as memes) and their relation-
ships to be stored in personal and — if voluntarily shared - centralized repositories (Schmitt & Gill,
2019). Memes — originally introduced by Dawkins (1976) - may be comprised of content (e.g., parts
of this paragraph, citations, or visuals), aboutness (e.g., article review, wordcount, or author’s profile),
structural connections (e.g., links between authors, papers, publishers, and references), intent (e.g.,
tasks to do), and monitoring (e.g., schedules, to-d0-lists, or progress made) which may all be captured
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based on the PKMS’s standardized memetic format and associative indexing structures instead of fol-
lowing current document-centric storing practices.
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Figure 2 PKMS as a Digital Platform Ecosystem (DPE) (Schmitt & Gill, 2019).

From a KM perspective, the ensuing centralized knowledge base (termed World Heritage of Memes
Repository (WHOMER)) resembles a tangible accessible interrogatable instantiation of Popper’s
third world (Poppet, 1978) whete the meme-based knowledge and learning assets assembled by the
uset community are encapsulated — just like products in modern manufacturing systems — in as-built-
genealogies.

As virtual memes are not expended when used or disbursed, their infinite usage potential via associa-
tive structural links allows for their transdisciplinary employment and the cutback of current unmain-
tainable levels of book-age-copy-and-paste-practices. The potential of reducing these attention-con-
suming redundancies in favor of attention-guiding traceability depends on the effective curation of
the meme-pool (for accurate informing based on negentropic repositories) to be facilitated by com-
munity feedback and WHOMER services.

The seemingly entropic paradox between the positive OEM entropy and the negative PKM entropy
is dissolved at this level of centralized curation (to be further detailed in later sections). The generally
desired entropy of Bratianu’s (2019) OEM perspective corresponds to the diverse and transdiscipli-
nary related resources and their generative potential offered by the DPE to its PKMS community
members to be utilized and further developed in their personal and local contexts. They may be
linked to other, so far, unconnected (old or new) memes and subsequently shared within subsequent
PKMS workflow cycles for continuous curation in line with the PKMSs’ affordances, functionalities,
and generative attributes (Schmitt, 2019a, 2019b).

The unwanted entropy referred to and sought to be eliminated or overcome by the curating services
of the novel PKM approach (Schmitt, 2020) (partially also referred to as negative generativity,
Schmitt, 2019b) prevent currently the productive utilization of the positive generativities or entropies;
they are summarized with their negative effects (-) or potential positive advances in case of successful
interventions (+) in Table 1.
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Table 1: Causes and Effects of Undesired Entropy Clusters (Schmitt, 2020).

Public Knowledge-related Entropies Private Knowledge-related Entropies
Discoverable Information Entropy Online and Publishing Realities
Knowledge Information Overload (-) More rapid iterative Improvement (+)

Attention Poverty, Mobility (-) Innovation & Reputation Systems (+)
Undiscoverable = Structural Holes, Islands, Siloes Invisible Work, Scaffolding
Knowledge Ineffective Utilization Non-Linear Relationships

Deficient Awareness/Education Unproductive Rework. (-)

Innovation and Opportunity Divides (-) Holistic Understanding (-)

PROPOSING AN EXTENDED RUGGED FITNESS LANDSCAPE

Figure 1 (green quadrants and connections C1-C4) presents four scenarios suggesting distinct types
of developmental paths to reach personal target fitness states. The middle section of Figure 1 also
depicts four knowledge-related environments (red rectangles K1-K4) which substitutes the (homoge-
neous/diverse) client-axis with a contextual disciplinary/application-oriented perspective and the
(clear/ambiguous) targets/outcomes-axis with a means-related options-practices-methodologies
scale. The aim is to further extend and differentiate the personal states/paths (green clusters C1-C4
connecting clients to target fitness Or ends) according to the range of potential contexts to be en-
countered and the means or tools at the clients” disposal. These further differentiated clusters are
again employed to distill distinct gperation and intervention scenarios from an informet’s perspective (ben-
eficial for educators, mentors, reviewers, and system designers) in order to guide clients’ personal
paths by considering matters of social curation and feedback. The aim is also to promote positive en-
tropy (from now on referred to as generativity) and to avoid negative entropy (from now on just re-
ferred to as entropy):

e KT (red-middle-bottom) Low complexity review-feedback-revision-processes: Need to determine a path
within consistent disciplinary and application-oriented environments characterized by well-
established means that minimizes the duration and loss of fitness. The support by traditional
review-revise-engagements may be optimizable by better matching students/au-
thors/mentees With supervisors/mentors as well as topics with reviewers by the informing
agent/editor.

* K2 (red-middle-2" from bottom) Familiar-space/ novel-approach-related review-feedback-revision-processes:
Adapting familiar homogeneous content and application contexts by employing alternative
and/or novel means and approaches demands more intensive mentorship, especially in pur-
suit of alternative target and outcome fitness peaks.

* K3 (red-middle-3" from bottom) Interdisciplinary knowledge organization and commmunication requirements:
The need to tackle multi/inter/trans-disciplinary problem and/or divergent application
spaces increases the complexity not only of tasks or paths but also of the respective
knowledge organization and communication and, hence, the required mentorship which
may has to be dispersed among several coordinating mentors. Employing well-established
means of, at-least, approaches (e.g., design science research guidelines) and cleat targets may
ease the burdens in the mentees-mentors-relationships. Ambiguous targets (e.g., catering for
multi-disciplinary audiences’ consumption), on the other hand, may require bridging disci-
plinary divides in favor of collaborative spaces of common understanding. Informers are
advised to decontextualize relevant content and methods (to create boundaty objects, e.g.,
heuristics, frameworks, or templates) in favor of more viable generic approaches (1) to fit
wider classes of tasks and problem spaces, (2) to accommodate diverse peers’ interpretative
as well as tailorable flexibility (Nick et al., 2007), and (3) to give clients the opportunity for
repurposing and re-contextualization according to their personal and local circumstances.

® K4 (red-middle-top) Highly complex and demanding review-feedback-revision-processes including Social Dig-
ital Curation (SDC): The most challenging instances facing clients are referred to as ‘wicked’
problems defined as “open-ended in the sense that they are ill-defined and charactetized by

67



Entropy, Generativity, and Rugged Fitness Landscapes

incomplete, contradictory, and changing requirements and complex interdependencies [and]
that the information needed to understand the problem depends upon one’s idea for solving
it” (Rylander, 2009). The development of the PKMS concept, for example, fits this desctip-
tion.

Due to the inherent combinatorial explosion of clients, contexts, means, and ends, a myriad
of potential informing paths may need to be considered and reviewed. While the World
Wide Web (of documents), the Semantic Web (of Data), or Social Media Platforms may be
hailed to facilitate resolutions, they all are alS0 affected by a range of inherent shortcomings
and entropic concerns: replication, fragmentation, validity, integrity, granularity, traceability,
indexing, accessibility, tailorability, editability, ease of mastery, ownership, transferability,
generativity, openness, sustainability (Schmitt, 2017a, 2017b, 2019b). K4-scenarios are also
hampered by current bibliographic classification systems and practices; instead of being
grounded in the phenomena studied, they are “organized on a disciplinary basis [serving]
interdisciplinary research and teaching poorly” (Szostak et al., 2016).

The clients’ conceptualizations and actions may Well be highly contextualized as well as in-
novative and, hence, demand thorough understandings and responses from mentors and
curators as well as sophisticated informing and feedback practices as, for example, ‘Social
Digital Curating’ (SDC) defined as “a content creation process with unique cultural and so-
cial characteristics” to be utilized in collaborative and educational settings (Gadot & Levin,
2014) and in support of digital and media literacy as well as organizing knowledge flows
from diverse sources t0 wherever and whenever it is needed (Cohen et al., 2013).

Although the PKMS-DPE is able to offer considerable support in the two K1 and K2 scenarios, to-
day’s key deficiencies primarily affect the K3 and K4 scenarios. Accordingly, it is here where the
novel envisaged concept and system may contribute the most. It, for example, widens the accessibil-
ity and choice of transdisciplinary content via curated associations between cross-disciplinary themes
and eases the repurposing of the granular (memetic) content components for new learning or
knowledge asset creation. Captured boundary objects also offer guidance by affording authors a
range of already decontextualized but interdisciplinary linked approaches and solutions tailorable to
their local use and/or multi-disciplinary contexts (Star, 2010). The following two subsections are fur-
ther focusing on curation at the individual, collaborative, and institutional level to provide a basis for
detailing its envisaged PKMS-administered impact on the Cx-Ky-scenarios.

CURATION AND INFORMING TO SUPPORT PERSONAL DEVELOPMENT

Curation traditionally “refers to the methods or systems that add value to and preserve resources”
(Glushko, 2013) but has evolved together with the digital social, personal, educational, and commer-
cial spaces “to encompass multitudinous and increasing forms of data-managing behavior” (Khan &
Bhatt, 2019). However, while today’s powerful technologies are able to locate ever-increasing
amounts of digital information, they lack “effective tools for selecting, structuring, personalizing,
[curating], and making sense of the digital resources available to us” (Kahle, 2008).

Individual self-reflection and self-curation

Accordingly, individuals are in need of “a ‘place’ or a ‘space’ in which to assemble and manipulate in-
formation resources for their own purposes, with flexible tools that they can adapt to their practices,
skills, habits, and artistry” (Borgman, 2003) and that take advantage of today’s generative opportuni-
ties where “the knowledge and skills of a knowledge wotker are portable and mobile” (Rosenstein,
2009).

The PKMS-DPE-concept offers such a space by affording accumulating many individual unique
memes over time for instant project benefit or potential future utility. While the magnitude of any
one of the memes is small, continuous tailoring and cumulatively synthesizing them (via associative
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structural links) facilitateS classification and novel artefact creation (e.g., design ideas, learning Or
knowledge assets, or boundary objects).

Interludes for reflection and revisions are promoted by monitoring memes (e.g., schedules, to-do-
lists, or progress made) and are further supported by dedicated frameworks published to support the
concept’s educational agenda (e.g., PKM for Empowerment (PKM4E), for Action (PKM4A), ot for
Development (PKM4D) (Schmitt, 2016a, 2018a, 2019a).

A decentralized networked PKMS-device, thus, enables “self-reflecting monologues of its user over
life-long-learning periods of educational, professional, social and private activity and experience. In
these conversations with self, the knowledge under review is biographically self-determined and pre-
sents itself as a former state of personal extelligence captured”; it affords the individual the means
and autonomy to retain and build upon knowledge acquitred, to develop his/her expettise for sustain-
able personal growth, and t0 collaborate “with fellow learners and/or professional acquaintances for
mutual benefit” (Schmitt, 2014).

Collaborative informing, authoring, and curation

As these evolving grass-roots personal repositories sustainably preserve individual’s creative energy
and resources within agreeable levels of perceived inconvenience (time, effort, and self-discipline in-
vested), synergies can obviously be realized by enabling “the same content to be used by multiple us-
ers for multiple purposes” and by making institutional and personal digital libraries “interoperable,
such that individuals can download data for local manipulation, and can upload tagged data to share
both content and metadata” (Borgman, 2003).

While rates of individuals’ contributions to traditional institutional “document repositoties remain
low in most fields” (Borgman, 2010), the grass-roots collaborative bottom-up approach is expected
to promote Personal motivations and efforts resulting in improving the longevity and accessibility of
content for further wider scrutiny, exploitation, and exploration.

Any meme-based (atomic or constructed) artefact shared may be subjected to Lane’s (2011) “exap-
tive bootstrapping (EB)” dynamic by gearing it towards “cascades of changes in agent-artefact space”
inextricably linked to innovations, organizational structures, Processes, and functionalities. The five
EB stages materialize in the PKMS-context as follows:

1. New artifact types [memes and assets| are designed [authored) to achieve some particular attribu-
tion of functionality [backed by content and) or evidence to investigate, innovate, inform, or entertain).

2. Otganizational transformations are constructed [uzlizing existing structures, functions, and processes
Jor diffusion (e.g., conferences, jonrnals, books, web pages, self-publishing)] to proliferate the use of to-
kens of the new type [fo ensure artefact’s availability, diffusion, and understanding].

3. Novel patterns of human interaction [comprebension of content by andiences and ensuing discourses)
emetge [modifying prior perceptions and/ or triggering new insights| around these artifacts in use [by
also promoting other referenced sources and related ideas).

4. New attributions of functionality are generated [by modifying the artifact’s codification, container,
and)/ or context and by reconfiguring it which may include new memes and relationships] — by participants
[desk research] Or Observers [field research] — to describe what the participants in these interac-
tions are obtaining or might obtain from them [newly devised content, blueprints, or physical models).

5. New artifacts are conceived [new memes or assets| and designed [virtual or physical embodiments) t0
instantiate newly attributed functionalities [/zforming] Which — by feeding back into step 1 —
close the iterative bootstrapping cycle.

The speed and density of any iterative bootstrapping and curation cascade branching out depends, of
course, 0N the content’s popularity and pliability, but, as an essential pre-requisite, the respective
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knowledge has at least been explicitly captured. Loads of today’s generated knowledge, by compati-
son, is neither recorded nor shated resulting in “magnitudes of invisible work™ (defined as the “gap
between formal representations, including publications, and unreported ‘back stage’ work™; Star,
2010). Consequently, others are deprived from judging the merit of content without what has been
referred to as its ‘scaffolding’ (Bush, 1945) and/or may have to re-spend the energy to investigate any
absent subject matter on their own accord.

Instead, a PKMS-DPE-approach retains and synthesizes — once captured and voluntarily shared —
the dynamically changed versions of content, aboutness, and annotations together with their struc-
tural connections, timelineS, and user and usage profiles. Its generative potential and evolving novelty
is, thus, grounded in an “exaptation” as asserted by tweaking (in line with [J-insertions in steps 1 to 5
above) Lane’s summary : “From the interactions between existing structures ([knowledge,] agents and
artefacts), new [associations and] functionality emerge [which| may then become recognized by ap-
propriately situated and motivated agents [(e.g., PKMS community members)], and (re)cognized as a
[new insight] or new attribution of artefact functionality [(e.g., transdisciplinary applicability of
boundary objects)]” (Lane, 2011).

Institutional informing and curation

Institutionally, initial KM and curation initiatives focused on viewing knowledge as a foremost strate-
gic asset in need of being measured, captured, stored, and protected, followed by a mote practice-
based and community-centered approach leading to today’s social media and cloud applications. To
champion still neglected concerns, a future focus on iterative creative innovation processes is pro-
posed which starts with the “reuse or new use of existing knowledge, adding an invention, and then
creating a new product or service that exploits this invention” (Pasher & Ronen, 2011).

While the seven-traditional-schools-taxonomy (content-related: commercial, engineering, and system
schools complemented by enterprise resource planning; collaboration-focused: cartographic, organi-
zational, spatial, and strategic schools complemented by social media) has differentiated the scope of
KM functionalities further (Earl, 2001; Schmitt, 2016b), these top-down centralized prohibitive insti-
tutional developments too often fail to gain acceptance from their workforce by ignoring most of
their wider personal development aspirations. Social media providers are also doing considerable dis-
services to individuals by neglecting to confer vital affordances at the expense of their captured com-
munities’ attention, time, productivity, funds, and status (Cabitza et al., 2015; Mynatt et al., 1998;
Schmitt, 2017a).

Bottom-up KM proposals favoring peer-t0-peer content-sharing, expertise-finding, and connectivity
(Pollard, 2008) and knowledge creation models able to tackle the accelerating information entropy
and to seize generative potentials (Schmitt, 20192, 2019b) have not yet materialized as institutional
realities, and any knowledge worker is still denied even the most basic provisions that his/her pet-
sonal digitized knowledge (1) always stays in his/her possession and at his/her disposal independent
of changes in his/her social, educational, professional, or technological environment; (2) is based on
standardized, consistent, transparent, flexible, secure, and non-redundant formats to safeguard its in-
tegrity and longevity; (3) may be shared to facilitate mutual beneficial collaborations within a commu-
nity of diverse dedicated social actors and for a fruitful co-evolution with traditional KM Systems
(KMS) and Learning Management Systems (LMS).

Interconnecting the individual, collaborative, and institutional spheres

These individual, collaborative, and institutional settings are affecting all CX-Ky-scenarios including
the more easily navigable unidisciplinary content areas (K1 & K2).

Crossan et al.’s (1999) 4I-Framework provides a psycho-social perspective to support organizational
learning within these nested structures consisting of four dynamic feed-forward and feedback pro-
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cesses (intuiting, interpreting, integrating, and institutionalizing). ‘Intuition’ takes place at the individ-
ual level by pre-consciously recognizing a pattern or opportunity. The resulting intuitive insights may
be consciously shared, refined, and further developed within an interactive team setting marking the
collaborative stage of ‘Interpretation’. Transforming the potentially emerging shared coherent undet-
standing into negotiated or mutually adjusted, wider coordinated actions characterizes the ‘Integra-
tion’ phase which may lead to embedded learning and organizational mechanisms and routines via
formal rules, procedures, structures, systems, strategies, or safeguarded organizational memories and
cultures at the stage of ‘Institutionalization’.

By adding the fifth stage of ‘Intertwining’, Jones and Macpherson’s (2006) 5I-Framework acknowl-
edges and accommodates learning mechanisms outside an institution’s internal boundaries with its
external inter-organizational knowledge networks.

A further extension is to be suggested in a papet-in-progress with a complementing 6t I-level of “In-
terfusing’ to represent the societal level of the accumulated heritage of human knowledge as to be af-
forded by the PKMS’s tangible, accessible, and interrogatable instantiation of Poppet’s (1978) third
world.

CX-KY-SCENARIOS AFFECTED BY THE DIGITAL PLATFORM ECOSYSTEM

Before focusing further on the K3 and K4 contexts, the DPE’s technological approach needs to be
briefly reflected on in order to show how its underlying interactions and transitions embody the dual
processes of sensemaking and sensegiving for balancing exploration and exploitation.

Figure 2’s bird-eye-view depicts a social actor as a member of the PKMS user community (bottom-
right) with his/her decentralized PKM device (bottom-left), the shared-content and centralized-cura-
tion WHOMER setvices (middle-left), and the Personal Learning Environments (PLE) with its e-
learning functionalities (top-right). Adding to the broader DPE context are the interactions with the
traditional Knowledge and Learning Management Systems (tOp). This concept aligns to the scenatio
of a decentralized KM revolution Where creative conversations and curation cascade among empow-
ered autonomous individuals and self-organized groups allow for emerging distributed processes of
collective intelligence which in turn feeds back to their grass-roots personal and local settings (Levy,
2011; Schmitt & Gill, 2019).

Curating and interconnecting across disciplinary and professional boundaries

Accessing and making sense of the fragmented content and sources representing the analog and digi-
tal world record follows an increasingly complex and time-consuming trajectory. Transforming its
dispersed ideas effectively into emergent concepts and innovations involves ever more cumbersome
analytical and synthesizing processes. While an abundant digital capacity iS available, traditional filters
and authorities (e.g., peers, editors, publishers, and librarians) have lost their grip and a rising share of
content is diffused before verified and free of theory, quoted sources, and cited evidence (Wein-
berger, 2011).

While computational filters and algorithms fill the curational gap to some extent, these ‘services’ may
well be based on questionable intentions and flawed criteria resulting in subjective or false instead of
objective and truthful content. “Without prudent filtering of information by its credibility, misinfor-
mation becomes infiltrated into curation work, thereby changing the meaning and knowledge that is
produced. As misinformation becomes more pervasive, discernment and discrimination become in-
creasingly difficult — and more necessary” (Khan & Bhatt, 2019).

Tackling this misinformation effectively is, however, hampered by current copy-and-paste-practices.
Frequently, memes or content-Snippets are continuously re-purposed but are neither linked nor ver-
sioned. They continue their lifecycles independently and, time and again, without verified traceable
source, with erroneous modifications, in an obsolete state, or as misleading partial out-of-context
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fragmentS. “Instead of digitally embedding and reusing parts of digital documents via structural refet-
ences”, copying and pasting also unnecessarily prolongs the book-age paradigm of over-simplistically
modelling digital documents as monolithic blocks of linear content” (Signer, 2010).

The links currently being available are the world-wide-web’s unstructured one-directional forwarding
links (where the citing sources are hidden and only used as criteria in search engine results), the
scholatly search applications’ high-granularity document-t0-document references (as cited in the ref-
erence sections of publications which may occasionally be complemented by page numbers), and the
semantic web’s low-granularity fact-and-data connections (to provide machine-processable accessibil-
ity to non-human agents via markup languages or RDF statements). While associative indexing
(Bush, 1945) not only allows for bi-directionally traceable meme-t0-meme links at an appropriate
level of DPE’s constructivist agenda, it would also serve the need to deal with today’s proliferating
“structural holes”.

These structural holes (Burt, 2004) refer to unrecorded or not yet identified (but potentially benefi-
cial) ties between knowledge clusters (e.g., memes, approaches, specializations, disciplines); the theo-
ries of organizational learning and knowledge creation, for example, “have been pursued as inde-
pendent themes for almost two decades” (Brix, 2017). Their lack of connectivity contributes to un-
discoverable public knowledge (islands and silos) (Szostak et al., 2016) and inhibits informing and
methodological capabilities to better tackle complex transdisciplinary ‘wicked’ problem spaces. Asso-
ciative indexing and its curated integrity bridge these divides, and while its enhanced traceabilities
would foster more fruitful academic ‘tishing’ and writing expeditions, the more productive DPE out-
put would also contribute to calls for a wider sharing and faster diffusion of ideas, sources, data,
work-iN-progress, and preprints for the benefit of more rapid iterative improvement (Nielsen, 2012).

Accordingly, curation within the EB-cascades alluded to needs to encompasses the “practices of har-
nessing preexisting content, transforming it through the application of criteria which assess and pro-
mote belief, and then directing the resultant packet of filtered information to a new audience [as]| an
act of knowledge creation” with “curators as potential agents of change” (Khan & Bhatt, 2019).
These changes are administered through the DPE’s affordances to support value-adding actions of
selection (refining and reducing), arrangement (displaying, simplifying, contextualizing, presenting,
and explaining), and preservation (Bhaskar, 2016) which also cut across professional and disciplinary
boundaries. Being confronted with the interlinked and high-granularity rapid-re-bundling EB-cas-
cades of meme-based content detailed earlier, the DPE further responds to the needs of advancing
attention-conserving consumption and curation techniques to deal with the inherent information
abundance perceived as ovetload.

Micro-macro-micro informing across the spheres of the 61-Framework

Since DPE-actors are engaging individually and freely, their ‘nano-actions’ and ‘micro-behaviors’ may
over time result in emerging ‘micro-macro-effects’ to affect their community in its entirety. Subse-
quent ‘macro-micro-feedback’ might, in turn, affect the actors’ ‘micro-states’ to produce self-organi-
zation and synchronization (leading to the generative or (positive) entropic consequences alluded to
by Bratianu, 2019). However, keeping abreast with and inspired by one’s dynamically changing com-
munity can also be demanding and perplexing; individual actors may, hence, benefit from ‘Collective’
micro-macro-micro informing or educational interventions (Mella, 2017). A Generative Collectives’
Future Study (van Osch, 2012) confirms these needs by advocating “ambidextrous” open platforms
capable to simultaneously evoke and enable operational efficiency (through structure for coordina-
tion and integration) and generative capacity (through tailorability for flexibility and fluidity).

Informing and guiding ambiguous tentative options, practices, methodologies

The role of boundary objects in providing less experienced users with direction to approach complex
problem spaces has already been alluded to.
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The same applies to the methodologies of cumulative synthesis and exaptive bootstrapping which
form the very foundation of the PKMS approach to promote the innovativeness of researchers and
entrepreneurs alike. Having accrued a critical set of memes (intetlinked content including functional-
ity attributions) may trigger the “perception” of a problem or opportunity as an unsatisfactory or “in-
complete pattern” prompting the “setting” of an appropriate “stage” for further iterative cascading
research, development, “acts of insight”, until the “emergence of novelty” followed by “critical revi-
sion” and “mastery” (Usher, 1954). Not every meme captured or generated may be of immediate util-
ity, but what might be considered to be irrelevant or misguided at a given time may turn out to be
valuable later, and vice versa (Garud et al., 2016).

A further level of guidance is rooted in the PKMS’s educational agenda which secks t0 re-purpose
accumulated meme-subsets to create learning assets for LMS execution (the development of a KM e-
learning course based on the memes sets of the PKMS publications is currently under way; it further
adds to the micro-macro-micro interventions mentioned). Unique affordances of this feature would
include, for example, transferring essential memes of the learning assets to the learners’ PKMSs for
retention, repurposing, and tracing complementing memes in the DPE’s repository as well as provid-
ing settings of non-linear learning paths 10 afford learners appropriate choices.

Further micro-macro-micro ‘collectivity’ informing is envisaged to include sophisticated research and
reputation metrics (based on the DPE’s advanced granularity, traceability, and generativity attributes)
as well as promising leads and emerging trends (way before link-based search algorithms are able to
fuel attention towards exciting new developments). Moreover, in utilizing the as-built-genealogies’
traces, linked meme siblings (and, by extension, their authors) may be informed about state changes
of their parent memes (e.g., update or expiry notifications, endorsements, retractions, withdrawals, or
detected falsifications).

Other informing and counselling facets complementing the system’s affordances would cover the
support of affiliations between individual PKMS community members including, for example, stu-
dent-supervisor, mentor-mentee, Or author-reviewer/editor relations. These dialogues would have to
be kept confidential just like the self-reflecting memes concerning personal tasks, diaties, plans, con-
cerns, and evaluations and, hence, are opening up possibilities for future research projects.

Di1SCUSSION AND CONCLUSIONS

This article used the three notions of the rugged fitness landscape, harmful entropy (negative genera-
tivity), and generativity (positive entropy) to structure the differences between current traditional top-
down KM models and systems and an envisaged novel decentralized bottom-UpP networked personal
KM approach.

It argued that today’s knowledge management iS severely compromised by unsustainable rising en-
tropy and an ineffective utilization of the explicit accumulated world record. While the former is
“threatening the finite attention individuals’ cognitive capabilities are able to master” (Schmitt,
2019c¢), both are suffering from a deficient awareness and education and the lack of adequate tools.

The explicit record has been termed ‘extelligence’ to position it as the externally stored counterpart to
the intelligence of the human brain/mind tasked with understanding. Together they are driving each
other in a complicit process of accelerating interactive co-evolution where curated extelligence ar-
chives of cultural experience and know-hOW “can be accessed by any individual who knows how, and
can be augmented by any individual who knows how” (Stewart & Cohen, 1999).

This knowhow has to derive from the awareness, education, and suitable tools available, and the ex-
emplifications in this and prior articles have demonstrated how a PKMS-DPE is envisaged to make

novel inroads in this regard using generativity and entropy as guiding principles (Schmitt, 2019b,
2020).
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Strangely, many of the last decades’ influential KM-related books approaching curation issues do not
even refer to ‘entropy’ (Arbesman, 2012; Bhaskar, 2016; Borgman, 2010; Glushko, 2013; Jenkins et
al., 2018; Pauleen & Gorman, 2011; Rosenbaum, 2014; Sawyer, 2012; Wenger et al., 2009) although
some address the abundance and overload effects caused by it. The reason may lie in the tenacity of
traditional knowledge creation models, all introduced in a very recent, now antiquated past of infor-
mation scarcity (Schmitt, 2019b) which discarded alternative ideas as exemplified by the ‘Memex’
(Bush, 1945), Xanadu’ (Nelson, 1991), or attention management (Simon, 1971) because today’s ac-
celerating Never-before experienced attention-consuming information abundance was beyond their
maker’s comprehension. Current technological development priorities (Big Data, Internet of Things)
can be expected to add further unrestrained snowballing entropic consequences.

Redundancy increases the chances of matters to be found, but hampers — in today’s information-rich
world — the unearthing of further matters of interest. Available suites of tools allowing knowledge
workers to become curators themselves (Bhaskar, 2016) share — in the authors’ view — a common
flaw: they all claim to solve the excessive-redundancy-problem by offering competing siloed reput-
posed-content which unleash even more disconnected replication where the truth is drowned in a sea
of irrelevance (Huxley, 1932/2010) and where valuable curative ‘nano’-contributions are unable to
impact the totality of the related copies in circulation.

Moteover, these information-obese environments are boosting biased cognitive selection strategies
which favor content “that is more likely to be searched for, attended to, comprehended, encoded,
and reproduced” and tend to amplify polarized views (belief-consistency and confirmation bias),
downside risks (negativity bias), herding undermining better judgement (social information bias), and
spurious correlations impairing objective assessment (predictive information bias) (Hills, 2019).

However, the symptoms of information obesity are not primarily technology-driven but by the way
knowledge production, curation, and consumption is designed and organized by us. Currently, indi-
viduals “are largely not free to make their own knowledge, to develop for themselves the filters
through which they can individually establish information needs, find relevant information, evaluate
it and apply it in their value system. Both their working lives and personal lives [are] subject to in-
tense [environmental] pressures, through which minds and habits are shaped, [automated, and im-
munized against change.] And S0, our minds grow fat and indolent” (Whitworth, 2009), and outdated
paradigms prevail.

In contrast, the expansion of private meme stocks by associatively linking personally relevant input
streams affords members of the PKMS-DPE community t0 curate and “visibilize’ their work by vol-
untarily shared output streams. The WHOMER central knowledge base at the receiving end of the
decentralized local individual updates aggregates the content together with its own historical record
and novel high-level ‘micro-macro-micro’ additions. As one of the steps, every meme and connection
is vetted to (1) identify and eliminate duplicates (in such case, identical memes from different sources
are merged while their relationships with diverse meme sets and usage histories are consolidated to
keep all information), and to (2) keep a reference record of every meme shared, even if it might be
blocked from dissemination due to, for example, legal, ethical, or falsification reasons (any identical
meme uploaded in the future is, hence, identifiable to trigger appropriate actions). The consolidated
and centrally curated multi-disciplinary content updates the single unified Poppetian-Third-World-
equivalent WHOMER repository alluded to which automatically enriches the contexts of the mem-
bers’ personal input streams and/or can be quetied by the PKMS community.

These personalized processes are performed according to individual curators’ understandings and
subject perceptions with subsequent automated socialization practices to inform the PKMS commu-
nity referred to already as ‘Social Digital Curating’ (SDC).
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ABSTRACT

Aim/Purpose In this exploratory study we examine personal information management within
music streaming applications. Also, we investigate the sense of ownership over
songs being played on music streaming applications and whether the use of
these services may be considered a social activity. In addition, we explore the
extent of user privacy concern iN using music streaming applications.

Background This paper represents the second phase of the article titled Usage Habits in Music
Streaming Applications and their Influence on Privacy Related Issues [Research in Progress]
(Weinberger & Bouhnik, 2019).

Methodology The research IS conducted using a mixed methodology and consists of two
phases: qualitative and quantitative. The qualitative stage is a pilot which in-
cludes semi-structured interviews with three music streaming application users
in order to explore the possible change in personal information management,
following the emergence of these applications (e.g., changes In classification and
song retrieval methods). The quantitative phase includes the distribution of
closed ended questionnaires among 192 users of music streaming applications
(Male — 72.9%, Female — 27.1%; Age: 18-58), aiming to explore personal infor-
mation management issues and privacy related issues that emerge while using
these applications.

Contribution As far as we know, this is the first academic research to investigate the issue of
personal information management among music streaming applications and the
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Emergence of Music Streaming Applications

Findings

Impact on Society

also the first to use a mixed methods approach to examine digital music con-
Sumption. In addition, it is the first study that takes into account privacy related
issues among the users of music streaming applications.

We found major changes between personal musical information management in
the past and in the present. As most of the participants (85.4%) prefer nowa-
days to sort musical items in playlists or not to sort them at all. Out of the par-
ticipants who chose to sort in folders in the past, only 42.7% still do it at pre-
sent and out of the participants who chose to sort by alphabetical order in the
past, only 15.7% do it at present. Also, we found that the participants have me-
dium sense of ownership over the songs being stored on their streaming appli-
cations (M=2.78, SD=1.46) and medium Sense that those applications may be
used as social activity (M=2.75, SD=1.25). Interestingly, the choice of "sophisti-
cated" genres (e.g. Blues, Jazz or Classical) as favorite music genre predicts the
perception of using music streaming applications as part of social activity
(R?=0.044, p<0.05). As for privacy concern, it was found that although the par-
ticipants are moderately concerned about privacy within music streaming appli-
cations (M=2.67, SD=1.15), they are willing to pay for higher privacy protection
services if they will be offered to them (r=0.49, p<0.001). In general, partici-
pants were found to be moderately willing to pay for premium services
(M=2.44, SD=1.01), with ad-free service (M=3.07, SD=1.54) being the highest
ranked premium service.

The research may drive music streaming applications operators to offer premi-
um setvices that provide various benefits, such as: ad-free usage, higher privacy
protection or better social features, as patticipants are willing to pay for those
features. They may also personalize their users by preferred music genres, to
adapt the specific service being offered to them.

Keywords music streaming applications, personal information management, privacy, music
genre, social activity
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AN INFORMING SCIENCE PERSPECTIVE [ABSTRACT]
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ABSTRACT
Aim/Purpose The paper introduces new concepts including the cognitive map, message at-
oms, and message resonance.
Background Existing models of the informing process cannot explain how messages are
created nor how people deal with multiple messages.
Methodology Theory development.

Contribution

The theories presented offer new ways to conceptualize the informing pro-
Cess.

Findings The often-unrecognized narrative has a far-reaching impact on message reso-
nance.
RecommendationsS The paper shows ways to creates messages that resonate.

for Practitioners

The theory of the narrative should expand the conceptualization of those ex-
ploring the informing process.

Recommendation$

for Researchers
Future Research This paper forms a building block in a full model of the informing process.

Keywords cognitive map, informing science, message fragment, message resonance

OVERVIEW

Shannon and Weaver created a mathematical model to illustrate issues in the transference of a single
electronic message to a single electronic device. Human communication is more complex than this.
Messages act on us in individualistic ways. The informing science frameworks for communications
up to this point are adaptations of the Shannon-Weaver model and suffer from its limitations.

This research examines these limitations with the aim to create in the end of this research stream a
model that addresses them. Limitations found in current models of the informing process include the
following. First, people are confronted not with just a single message, but with multiple and often
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Message Resonance and Narratives

competing messages. Second, different people respond differently to an identical message. Third,
current models start with a message, but we also need to model how the message is created, assem-
bled, and sequenced from message atoms. Fourth, in addition to the “sender” and the “receiver”
found in these prior models, there is another actor, the media editor in the middle who further filters,
sequences, and packages message elements into messages.

This research draws together relevant research developed from a variety of fields, including as com-
munications, philosophy, brain science, linguistics, and psychology.
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ABSTRACT

Aim/Purpose In this research the authors present the designs of three different knowledge ob-
ject meta-data wrapper models as a supportive technology to assist the knowledge
intensive operations of a network of knowledge, such as a living lab.

Background Within any knowledge driven network environment there is a need to increase the
corporate knowledge capacity of the network. The role of experts and knowledge
brokers are emphasized, and the exchange of knowledge based on prior experi-
ences informing corporate memories of the members, is the departure point of
this research.

Methodology The primary research method applied is that of the design science research meth-
odology supported by experience and application research and the literature.

Contribution Three different metadata models are presented that will when implemented sup-
port the informing process within the network of knowledge.

The models are grounded on the utilization of metadata elements composing of
various key descriptors as found in activity theory and normal means of heuristic
enquiry which entail common questions. The elements are annotated and further
enriched using standard JSON-LD IRI pairs. The presented models expand on
the extant knowledge of the use of metadata annotations and present a novel way
in encapsulating the corporate memories of knowledge workers in the form of
knowledge object wrappers.

Findings The results of the evaluation process of the design science research methodology
applied, showed that there is a consensus that the use of knowledge object
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wrappers as additional metadata, containers could enhance the knowledge capac-
ity and efficiency of a LL and in particular the knowledge brokers.

Keywords JSON, JSON-LD, knowledge objects, network of knowledge, knowledge object
wrappers
INTRODUCTION

The value and efforts of corporate memory retention through the application of innovative
knowledge management practices within knowledge driven networked organizations, such as living
labs (LLs) are recognized in the literature (Burch et al., 2018; Cooper & Gorman, 2018; Merciet-
Laurent, 20106).

In essence, a living lab (LL) is a collaborative innovation eco-space that enables and supports infor-
mation infrastructure development, refinement, and adoption (Lucassen et al., 2014). Information
infrastructure development could entail the development and management of digital artefacts to sup-

port the entreprencurial operations of the LL for different digital platforms and support services (Le
Dinh et al., 2018).

The most basic definition of the concept ‘corporate memory’ describes corporate memory as “the
body of information that an organization needs to keep for re-use” (Megill, 2005). It relates to the
entire body of knowledge that the organization requires to deliver its strategic aims and objectives
(Khilwani & Harding, 2016). According to Kithn and Abecker (1998), “A Corporate or Organiza-
tional Memorty can be characterized as a comprehensive computer system which captutes a com-
pany’s accumulated know-how and other knowledge assets and makes them available to enhance the
efficiency and effectiveness of knowledge-intensive work processes.”

Knowledge objects (KOs) are used to describe knowledge assets (Kutsikos & Mentzas, 2012). KOs
are most frequently used within an organizational environment (Grover & Davenport, 2001), that
also comprises of users such as a LL. Becker et al., (2016) explain that the learning community and
the users “have to externalize their tacit needs, requirements, assets, knowledge, information, and ex-
periences into explicit digital content and knowledge objects.”

In this paper the conceptual designs of different types of metadata wrappers (or knowledge object
wrappers KOWs) are presented to be used in conjunction with KOs to assist with the knowledge in-
tensive requirements of a network of knowledge (NoK) such as a LL.

Also discussed is how KOs and KOWs could be used as the raw or semi-raw ‘material’ in a NoK, for
the ‘capturing’, informing, management, and transfer of the tacit knowledge and the corporate mem-
ories of the various LL members, through annotations and semantic integration.

RESEARCH AIMS

Knowledge is the ‘fuel’ on which LLs function and operate (Bergvall-Kareborn & Stahlbrost, 2009).
Knowledge and knowledge generation in LL environments are the driving engine for innovation and
value chain optimization (Dekkers, 2011). Within LL environments it is imperative to consider and
harness all the corporate memories of the stakeholder. The process of generating knowledge in a LL
environment may take on many forms, such as knowledge generation as part of a NoK. To attain a
sufficient level of knowledge support, a common understanding of the knowledge seekers’ infor-
mation needs is required, leading to establishing relevant, effective, and appropriate tools with usable
content. This requires the interrogation of various sources of information to facilitate learning and
empowerment though the interaction of various stakeholders (Mngomezulu-Dube et al., 2018).

Learning objects and knowledge objects have been described as ideal mechanisms to support infor-
mation dissemination and learning in a NoK (Sychov & Chirtsov, 2018).
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which include the practice of knowledge support and other LL operations, like information transfer,
for solution development.

Two different metadata models are presented, namely question and answer view layer a (QAVL-a)
and question and answer view layer b (QAVL-b). Each of these models is annotated by using differ-
ent metadata elements that could be stored and rendered in various formats such as JSON-LD.
These metadata wrappers are added to existing knowledge objects and attempt to facilitate the cap-
turing of corporate knowledge and memories within the LL and the NoK. Various KOs could be an-
notated with different and a combination of different types of QAVL wrappers, resulting in a rich
descriptive set of elements to describe a KO. The QAVL-a metadata model utilizes standard ques-
tions as metadata tags, whereas the QAVL-b model is based on the typical elements of activity the-

ory.
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ABSTRACT

Background The underlying philosophy of the agile manifesto is embodied in principle one
which promotes the continuous delivery of software that is deemed valuable by
the customer, while principle twelve encourages continual improvement of the
delivery process. This constant improvement, or maturity, is not a concept
unique to agile methods and is commonly referred to as a maturity model. The
most common of maturity model is the Capability Maturity Model Integrated
(CMMI). However, research consensus indicates CMMI might not fully be
compatible with agile implementation, specifically at higher levels of maturity
without sacrificing agility. Agile maturity models (AMM), which are aligned to
agile principles encourage continuous improvement while maintaining agility.

Aim/Purpose Given the underlying philosophy of the agile manifesto, this study investigates
whether an increase in agile maturity is associated with improved perceived pro-

]CCt Success.

Methodology The study employs a conceptual model based on an existing agile maturity
model that is related to perceived project success. Using an objectivist perspec-
tive, a quantitative method was employed to analyze the results of an online
survey of agile practitioners.

Contribution The significant contribution from this research is the validation of the
conceptual model relating the activities and maturity levels of the AMM
as the independent variables to the dependent varia}ble of perceived
project success.

Accepted by executive review by Editor Michael Jones | Received: November 19, 2020 | Revised: January 22,
February 3, 2020 | Accepted: February 5, 2020.

Cite as: Henriques. V., & Tanner, M. (2020). Assessing the association between agile maturity model levels and
perceived project success. In M. Jones (Ed.), Proceedings of InSITE 2020: Informing Science and Information Technology
Education Conference, PP 117-156. Informing Science Institute. https://doi.org/10.28945/4519

(CC BY-NC 4.0) This article is licensed to you under a Creative Commons Attribution-NonCommercial 4.0 International
License. When you copy and redistribute this paper in full ot in part, you need to provide proper attribution to it to ensure
that others can later locate this work (and to ensure that others do not accuse you of plagiarism). You may (and we encour-
age you to) adapt, remix, transform, and build upon the material for any non-commercial purposes. This license does not
permit you to use this material for commercial purposes.


https://doi.org/10.28945/4519
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:HNRVAU001@myuct.ac.za
mailto:mc.tanner@uct.ac.za

Agile Maturity Models and Perceived Project Success

Findings The data analysis found that a significant positive correlation exists between
maturity levels and perceived project success. The strongest correlation was
found at the highest maturity level, with relatively weaker correlation at the low-
et levels of maturity. It can thus be concluded that a higher level of maturity in
the AMM is positively associated with perceived project success.

Recommendations The study has practical implications in highlighting that performance manage-

for Practitioners ment, requitements management, regular delivery and customer availability are
key areas to focus on to establish and continually improve the success of agile
implementations. This study further assists practitioners in systematically identi-
tying the critical agile activities, such as the use of story cards, continuous deliv-
ery and the presence of a knowledgeable customer.

Recommendations The contributions of this study for academics is the confirmation of the matuti-

for Researchers ty model developed by Patel and Ramachandran (2009a). This study also shows
the association between the individual activities within the maturity levels as
well as the maturity levels and the perceived project success, addressing a gap in
literature relating these concepts.

Future Research It would be useful to replicate this study whilst following a qualitative approach.
The study could also be replicated with a sample consisting of agile project cus-
tomers.

Keywords Agile, Scrum, XP, Maturity Model, Agile Maturity Model, Agile Process Im-

provement, Project Success, Agile Success

INTRODUCTION

As a result of the ever-changing business environment and the need to produce quality software
more rapidly (Silva et al., 2015), the agile manifesto was created in 2001. The agile manifesto contains
a set of four value statements and twelve principles for agile methodologies (Fowler & Highsmith,
2001). Principle twelve of the agile manifesto encourages teams to strive to improve the process of
software delivery continually. In an effort to attain this constant improvement, organizations typically
utilize maturity models such as Software Process Improvement (SPI) frameworks. A maturity model
is a predefined process improvement model for improving the desired outcome (Fontana et al.,

2015).

Nowadays, organizations are increasingly interested in combining maturity and agility within software
development projects (Silva et al., 2015). To that effect, this study has explored the concept of an
agile principle-based maturity model. Patel and Ramachandran (20092) propose an Agile Maturity
Model (AMM), which is based on agile principles. The AMM proposes a five-level model of increas-
ing maturity, with key agile process focus areas at each level. Each maturity level fulfils at least one of
the agile principles and corresponds to a more mature agile implementation. In general, the intent of
a maturity model is the continual improvement Of a desired outcome (Fontana et al., 2015). Since the
undetlying agile philosophy is the delivery of quality software, it can be logically concluded that an
increase in agile maturity should relate to an increase in the perceived success of a project.

However, a review of the current literature highlights a lack of research relating t0 improved maturity
in an agile maturity model to project success. While studies exist which relate the maturity levels of
Capability Maturity Model Integrated (CMMI) to improved project success, Gren et al. (2015) con-
clude it would be useful to perform such a study in the context of an agile maturity model. Without
an empirically validated agile maturity model (Gren et al., 2015), there is limited guidance for practi-
tioners to reference which agile processes in the AMM will increase the project success rate. Though
Patel and Ramachandran (2009a) propose an agile principle-based maturity model, research has not
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yet been conducted to investigate whether higher AMM maturity relates to improved perceived pro-
ject success.

Addressing the stated research problem, the purpose of this research is to ascertain whether improv-
ing (maturing) in agile discipline is associated with improved perceived project success. The research
is intended to provide empirical evidence independent of the agile method, industry, Or organization
in which it is being applied.

The purpose of this research is to ascertain whether improving (maturing) in agile discipline is associ-
ated with improved perceived project success by providing empirical evidence, independent of the
agile method, industry, or organization in which it is being applied. The specific research question is
“How are the different maturity levels of the Agile Maturity Model (AMM) as proposed by Patel and
Ramachandran (20092) associated with perceived project success?” The related sub-question IS “How
are the specific process areas of the different maturity levels in the AMM associated with perceived
project success?”

LITERATURE REVIEW

THE AGILE MANIFESTO

The agile manifesto is intended as a guide for software development projects to be more responsive
to changing business requirements whilst continuously delivering quality software rapidly (Silva et al.,
2015). This is underpinned by principle one, “Our highest priority is to satisfy the customer through early and
continnous delivery of valuable software” (Fowler & Highsmith, 2001, p. 30), which can be viewed as the
driving philosophy for agile methodologies. The agile manifesto does not prescribe a specific meth-
odology but instead provides a set of guiding values and principles.

Though the conceptualization of the agile manifesto is considered the birth of modern agile method-
ologies, it served as a consolidation of the principles and values being applied in major iterative de-
velopment methodologies. The origin of agile methods stems back to Iterative and Incremental De-
sign and Development (IIDD) dating to as early as the mid-nineteen fifties (Glazer et al., 2008).
1IDD implemented a continuous process improvement approach in which feedback and collabora-
tion were continuously sought in developing software (or a product) to ensure customer satisfaction
and improvement (Johnson, 2002).

AGILE TEAMS INCLUDING BUSINESS REPRESENTATIVE

The agile principles strongly support and promote the concept of a cross-functional, self-organized
team (Fowler & Highsmith, 2001). Typically, agile teams consist of five to nine people, having all the
roles required to deliver the software (Papadopoulos, 2015), allowing the team to be self-sufficient,
which leads to improved project success (Stettina & Horz, 2015). This is consistent with the ‘whole
team’ concept from Extreme Programming (XP) in which “people with all the skills and perspectives neces-
sary for the project to succeed” (Beck & Andres, 2004, p. 38) are included.

Besides the presence of technical competencies such as architecture, design, development, testing,
database administration, and project management, agile teams include roles for business representa-
tion (Beck & Andres, 2004). The consensus in research has shown that the role of business represen-
tation as part of the team is critical to the success of an agile project (Tanner & von Willingh, 2014)

and forms the vital link between the business, customer and end-user and the development team
(Ambler, 2012).

AGILE TEAMS AND BUSINESS FEEDBACK

The agile manifesto repeatedly reinforces the concept of feedback and collaboration in both the value
statements and principles, stressing the primary measure of success being the delivery of software.
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Principles two “Welome changing requirements, even late in development. Agile processes harness change for the
customer's competitive advantage” and four “Business peaple and developers must work together daily throughout the
project” (Fowler & Highsmith, 2001, p. 35) encourages daily feedback from the customer while func-
tionality is being developed, ensuring the delivery of business value. Studies have found a lack of cus-
tomer feedback can cause a financial loss to business (Hoda et al., 2011). Besides this continuous
customer feedback during the development iteration, principle twelve of the agile manifesto “.47 regu-
Lar intervals, the team reflects on how to become more effective, then tunes and adjusts its bebavior accordingly.”
(Fowler & Highsmith, 2001, p. 35), encourages scheduled feedback sessions with the broader busi-
ness.

PERCEIVED PROJECT SUCCESS

Thomas and Fernandez (2008) equate the notion of project success to the capturing of Proteus, the
mythical sea god of the elusive sea change. The popularity of this topic in academic literature is evi-
dence of the protean nature of project success. Jugdev and Miller (2005) look at the evolution of the
concept and the associated changes in beliefs on how this is to be measured over a forty-year period.
Customary measures are based on the ‘Iron-Triangle’ of project management (see Figure 1), the di-
mensions being scope, resources, and schedule. Whilst these dimensions are the fundamentals upon
which projects are executed and reported (McLeod et al., 2012), there is an agreement of an im-
portant distinction to be made between project management success and project success (McLeod €t
al,, 2012).

The former refers to proper management of the three dimensions of the iron-triangle, whilst the lat-
ter is a more fluid, perceived, and subjective concept. An often-quoted example depicting this is the
Sydney Opera House, which cost fourteen times the original budget and took fifteen years to com-
plete (Jugdev & Miiller, 2005). Assessing only the time and budget aspects, this would be considered
a failure in the project management sense, yet it is considered a landmark achievement in architectur-
al terms, a project success. This non-interrelation of the two measures is further supported by re-
search work conducted by Joosten, Basten, and Mellis (2011), who conclude, though projects contin-
ue to be reported on using the iron-triangle measures, project decision-makers continue to use con-
text-specific subjective measures to determine the success of a project.

Scope
Features
Functionality

Resources Schedule
Cost How long
Budget it will take

Figure 1: The traditional ""lIron-Triangle" of project management (Highsmith, 2004)

A study by Thomas and Fernandez (2008) focusing on subjective (perceived) project success was not
able to distil a single definition of the concept. This view is further supported by McLeod et al.
(2012), who further highlight that stakeholders within a project could evaluate the success of the pro-
ject differently based on their perspectives, perceptions, and context for the evaluation. This is con-
sistent with Jugdev and Muller (2005), who highlight that different line managers involved in the
same project could perceive success to a greater or lesser extent based on its contribution towards
achieving an overall business goal. Simplistically reproduced here, Figure 2 depicts how stakeholder
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perceptions influence the evaluation of the success of a project, i.e. the perceived success of a project
is dependent on the evaluator, and their perception of the value contributed.

Socioeconomniic,
historical,

organisational

contexts
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_y| expectations
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. . drive selection of
values, beliefs, experiences

Sitated evaluation

criteria evaluation(s)

>
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Established project pe bt

evaluation criteria

stakeholder time

Figure 2: Stakeholder perspective can influence project success evaluation over time
(McLeod et al., 2012)

Highsmith (2004) proposes the iron-triangle in the agile project wotld (see Figure 3). Whilst the tradi-
tional ‘iron-triangle’ remains, it serves only as a constraint in the agile-iron-triangle, with the latter
focusing on value and quality delivery. Both the value and quality form part of the subjective
measures, with quality being “the most subject to variation in perception by multiple project stakebolders” (Prab-
hakar, 2008, p. 7). Agile methods have altered the traditional view on project success, with the focus
shifting more towards stakeholder satisfaction (Leppinen, 2013).

Evolve from _
Traditional... To Agile...
S 1 This delivers Value
cope | the value to
=

the customer

Quality

Schedule ]

Figure 3: Agile Iron-triangle (Highsmith, 2004)

In a study researching the relation between agile planning efforts and project success, Serrador and
Pinto (2015) divide the “Overall Project Success” between the traditional iron-triangle “Project Efficiency”
measures and the perceived “Stakeholder Success” (Serrador & Pinto, 2015, p. 1043) aspects. The stake-
holder success aspect relates to the value and quality dimensions of the agile iron-triangle, i.e. the
subjective perceived project success. Serrador and Pinto (2015) concluded that the questions relating
to stakeholder success are a better indicator of perceived project success. The questions utilized for
measuting perceived project success was a combination of three dimensions being the perception of
the project teams’ satisfaction with the deliverables, the teams’ perception of the clients’ satisfaction
with the deliverables and the teams’ perceptions of the end-users’ satisfaction with the deliverables
(Serrador & Pinto, 2015).

Given the context and perspective sensitivity of project success, current literature and research in this
field shows it is based on perception and is thus, a subjective measure. In the context of this study,
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the working definition for perceived project success will be as defined by the definition of stakehold-
er satisfaction (Serrador & Pinto, 2015), as shown in Figure 4.

e p

Perceived Project Success

Teams' Perceived Satisfaction with Deliverables
Teams' Perception of Clients' Satisfaction with Deliverables

Teams' Perception of End Users' Satisfaction with Deliverables

- J

Figure 4: Perceived project success construct — defined as stakeholder satisfaction
(Serrador & Pinto, 2015)

MATUurITY MODELS

Maturity is in reference to the software development process. Specifically, “waturity is the extent to which
a specific process is explicitly defined, managed, measured, controlled, and effective” (Paulk et al., 1993, p. 20). A
maturity model describes how a process can evolve (mature) over time. Each phase of evolution (ma-
turity level) is a progressive step along an improvement path, improving the desired outcome (Fon-
tana et al., 2015). With the first phase being the least mature and the last phase equating to optimal
maturity, each maturity level defines the focus areas required and success criteria to be assessed to
provide evidence of the maturity level being achieved (Leppidnen, 2013). When fully matured, the
process operates optimally (Leppinen, 2013) and is executed consistently, producing steady, predict-
able outcomes (Paulk et al., 1993).

In the mid-1980s, the Department of Defense (DOD) in the USA commissioned an investigation
into the recurrent poor performance in life-critical software projects. The projects were fulfilled by
third-party contractors in an inherently low trust environment (Glazer et al., 2008). In response, the
Software Engineering Institute (SEI) of Carnegie Mellon University published the first version of the
Capability Maturity Model (CMM) in 1991. CMM provided the DOD with a mechanism for as-
sessing the software development process maturity of third-party vendors, providing some reassur-
ance for quality software being delivered on the basis that managing the process would improve the
outcome (Glazer et al., 2008).

Once publicly available, practitioners produced a number of variants that were initially consolidated
by SEI into version one of the CMM Integrated (CMMLI) in 2000. Subsequent updates occurred with
version 1.2 and version 1.3 being released in 2006 and 2010, respectively. The 2006 CMMI version
1.2 update saw the introduction of maturity models focusing on three different disciplines, termed
constellations in CMMI patlance. The first of these constellations were specifically focused on soft-
ware development and officially named CMMI-Dev (Kitson et al., 2009). Amongst other changes,
the 2010 CMMI version 1.3 release included changes addressing implementation in agile environ-
ments (SEI, 2010).

CMMI defines five levels of increasing maturity with the focus area showing the key improvement to
be achieved at that level. The five maturity levels consist of twenty-tWo process areas. To attain a
given level of maturity, all the corresponding process areas need to be addressed, including the pro-
cess areas of the lower levels (SEI, 2010).

As can be seen in Table 1, CMMI level one (initial) is solely reliant on competent individuals with no
defined process in place (SEIL, 2010). As such, it can be considered as a starting point for the maturity
model, indicating a lack of any formal maturity being in place.
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Table 1: CMMI maturity levels, focus, and process areas (The Process Group, 2015)

Level Focus Process Area
5 - Optimizing Continuous Process Im- Causal Analysis and Resolution
provement Otrganizational Performance Man-
agement
4 - Quantitatively | Quantitative Management | Organizational Process Perfor-
Managed mance
Quantitative Project Management
3 - Defined Process Standardization Decision Analysis and Resolution

Integrated Project Management
Organizational Process Definition
Organizational Process Focus
Organizational Training

Product Integration
Requirements Development

Risk Management

Technical Solution

Validation

Verification

2 - Managed Basic Project Manage- Configuration Management

ment Measurement and Analysis
Project Monitoring and Control
Project Planning

Process and Product Quality As-
surance

Requirements Management
Supplier Agreement Management

1 - Initial Competent People and Heroics

CMMI level two (managed) is solely concerned at a project level. Activities take guidance from the
governing policies and procedures of the organization and focus on defining and documenting the
various activities (SEL, 2010). CMMI level three (defined) focusses on standardizing the vatious pro-
cesses across the organization and adhering to these standards (SEIL, 2010). CMMI level four (quanti-
tative management) focuses on project management activities based solely on the quantitative
measures established in lower levels of maturity, e.g. project monitoring and control in level two
(SEL 2010). The focus can be at a project, process, ot organizational level (SEI, 2010). CMMI level
five (optimizing) shifts the focus to continuous improvement at an organizational level using Organi-
zational Process Management (OPM) and Causal Analysis and Resolution (CAR). With both OPM
and CAR concerned with organizational improvement, the key distinction at this level of maturity is
the focus being solely on the organization as a Whole (SEL, 2010).

It is evident from the focus and process areas that, besides level two activities that focus on the pro-
ject delivery, the CMMI is aimed at achieving organizational maturity (Fritzsche & Keil, 2007).

Compatibility of CMMI and agile methods

A significant research effort has been invested in attempting to find a level of compatibility between
CMMI and agile methods. Consensus exists in literature that the co-existence of the higher levels
(four and five) of CMMI maturity and agile is difficult to achieve without sacrificing the agility
(Fritzsche & Keil, 2007; Lukasiewicz & Miler, 2012; Margal et al., 2008; Potter & Sakry, 2009).
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Boehm and Turner (2005) highlighted the potential problem that the introduction of agile methods
in mature organizations could affect the maturity ratings. Fritzsche and Keil (2007) and Lukasiewicz
and Miler (2012) attribute this challenge to the nature of the two disciplines with CMMI focusing on
the organizational level while agile focuses on the successful delivery of a project. This is consistent
with research finding a decline in project success rates (Dingsoyr & Moe, 2014) when organizational
elements such as corporate governance are considered (Laanti, 2014).

Nevertheless, research indicates a high degree of compatibility between agile methods and CMMI at
maturity levels two and three. Lukasiewicz and Miler (2012) found a seventy percent exact or partial
match between agile methods and CMMI levels two and three. In a similar study, Fritzsche and Keil
(2007) extend the mapping between the agile methods of Scrum and XP and CMMI levels two
through three, finding no evidence of support at levels four and five in agile practices.

Margal et al. (2008) focus their research on mapping Scrum to the project management activities of
CMMI levels two, three, and four finding sixty-five percent, forty-three percent, and zero percent
compatibility, respectively. Mapping Scrum to the requitements management, project planning, and
process monitoring and control activities of CMMI levels two and three, Potter and Sakry (2009) find
satisfactory compatibility, although acknowledging complete absence in other more organizationally
focused process areas.

Research by Sutherland, Jakobsen, and Johnson (2008) found the introduction of the Scrum meth-
odology in a CMMI level five compliant organization had the effect of successfully decreasing the
amount of rework required. Whilst at first, this might seem contradictory to literature, it is notable
that the introduction of agile methods was after the organization had attained the level five rating
(Sutherland et al., 2008). Thus, agile was not implemented in isolation to achieve the maturity rating.

Current research indicates using an agile method in isolation to achieve maturity “levels higher than
the third require some far-reaching compromises that significantly affect the benefits of agile meth-
odologies” (F.ukasiewicz & Miler, 2012, p. 417). When using CMMI to mature an agile method, “%he
best improvement approach in an agile environment is to stop at CMMI Jevel 3” (Fritzsche & Keil, 2007, p. 24).

Maturity models for agile environments

The application of agile principle twelve encourages the continuous improvement of the software
delivery process, which aligns with the intent of a maturity model. Whilst the CMMI focuses on pro-
cess maturity; given the people-centric and collaborative nature of agile environments, there is an
agreement that a CMMI equivalent agile maturity model should align to agile principles and practices
(Fontana, Fontana, et al., 2014; Gren et al., 2015).

A systematic literature review by Henriques and Tanner (2017), focusing on research themes con-
ducted with agile maturity models as the independent variable, found two major themes emerging.
The two major themes being, “Agile/ CMMI” focusing on “adapting agile practices and principles to
fit current software maturity models” (Fontana et al., 2015, p. 89) and “Agile Maturity”, which focus
on maturity models based on agile principles, as shown in Figure 5. As depicted, the majority of the
articles (59%) focus on the “Agile/ CMMI” topic due to the existing investment organizations have in
CMMI (Leppanen, 2013).

Agile Maturity
Model; 41%

Agile/CMMI; 59%

0% 10% 20% 30% 40% 50% 60% 70%

Figure 5: Agile maturity models - research theme distribution (Henriques & Tanner, 2017)
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The remaining 41% of the articles represent the major theme of Agile Maturity, with subthemes ad-
dressing agile process improvement, agile mature model assessment, proposing an agile maturity
model, comparison between agile maturity models, and agile adoption frameworks. The majority of
these articles focus on proposing an agile maturity model (Henriques & Tanner, 2017).

Analysis of proposed agile maturity models

Fontana et al. (2015) attribute the first agile maturity model to Nawrocki, Walter, and Wojciechowski
(2001). A number of agile maturity models currently exist either explicitly by name, i.e. “Maturity
Model” or provide a maturity assessment and adoption framework. Examples of explicit maturity
models are proposed by Ambler (2010), Nawrocki et al. (2001), Patel and Ramachandran (2009a),
and Yin et al. (2011).

Though each of the models provides between three and six maturity levels, there are shortcomings
(Fontana et al., 2015; Leppinen, 2013) when viewed relative to the characteristics mentioned in the
section on the maturity models or in the scope to which they can be applied, summarized in Table 2.

The maturity models proposed by Benefield (2010), Lui and Chan (2005), Nawrocki et al. (2001) and
Yin et al. (2011) are limited to either a Scrum or XP agile methodology. However, agile methods are
broader than these methodologies, and an agile maturity model would need to cater t0 all agile meth-
ods by being based on agile principles and not solely on the practices of a specific methodology.

The models proposed by Ambler (2010), Fontana, Reinehr, and Malucelli (2014), and Qumer and
Henderson-Sellers (2008) provide no focus areas or associated success criteria (Fontana et al., 2015;
Leppinen, 2013) which are intrinsic characteristics of a maturity model (Leppinen, 2013).

Table 2: Summary of agile maturity models relative to maturity model characteristics and
scope (Fontana et al., 2015; Leppanen, 2013)

Maturity Model Criticism

Ambler (2010) Agile adoption framework
No assessment criteria
No success criteria

Benefield (2010) Limited to XP
Limited to British Telecom
Fontana, Reinehr, and Malucelli (2014) No success critetia defined
No ability to assess
Lui and Chan (2005) Limited to XP

No success criteria defined
No ability to assess
Nawrocki, Walter, and Wojciechowski (2001) | Limited to XP

No success criteria

Qumer and Henderson-Sellers (2008) No success criteria defined
No ability to assess
Yin, da Silva, and Figueiredo (2011) Limited to Sctum

Limited ability to assess

In the analysis of the five-level Agile Maturity Model (AMM) by Patel and Ramachandran (2009a) the
conclusion is it “exemplifies how to perform the assessment” (Fontana et al., 2015, p. 91). Thus ap-
plying the characteristics of maturity models previously mentioned the requirement to be applicable
across any agile method and providing assessment criteria, the working definition of an Agile Maturi-
ty Model as proposed by Patel and Ramachandran (20092) is adopted for this research. Furthermore,
it is based on agile practices and principles, and provides predefined focus areas for each maturity
level, refer 10 Figure 6. Each AMM level and focus area are further discussed in the following sub-
sections.
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Figure 6: Level AMM for Agile SPI (Patel & Ramachandran, 2009a)

AMM levels and focus areas

Level One: Initial. Level one of the AMM (Initial) is characterized by being dependent on heroic
efforts with no specifically defined process in place (Tarnowski, 2014). Outcomes are not repeatable,
and there is no alignment to agile principles. This level is equivalent to level one of the CMMI.

Level Two: Explored. Level two of the AMM (Explored) activities covers the initial set of focus
areas that organizations implement to establish agile practices (Patel & Ramachandran, 2009a). The
focus is on planning based on developer estimates and requirements management in the form of sto-
ry cards for the current iteration. The customer is present onsite but not necessarily always available
for the project team (Patel & Ramachandran, 2009a). This level shows strong alignment with agile
principles two, four, six, and ten.

The AMM requires the presence of the customer to be available daily to the agile team in a decision-
making capacity to direct development efforts (Patel & Ramachandran, 2009a), which aligns with
principle four of the agile manifesto (Fowler & Highsmith, 2001). Tanner and von Willingh (2014)
confirm previous research on knowledgeable and empowered customer presence being a success
factor for agile implementations, which should include the tracking of the development progress (Pa-
tel & Ramachandran, 2009a). Lack of proper customer presence and collaboration has been shown
to affect prioritization, clarity of requirements, loss of productivity, and “in extreme cases, Business
Loss” (Hoda et al., 2011, p. 527). The presence of the customer is vital in the priotitization of re-
quirements (Sverrisdottir et al., 2014), allowing the developer to focus only on functionality im-
portant to business, aligned with agile principle ten (Fowler & Highsmith, 2001).

The requirements are explained to the development team by the customer at the onset of an iteration
(Patel & Ramachandran, 20092), aligning to agile principle six (Fowler & Highsmith, 2001) and cap-
tured by the customer, in a properly structured and standardized story card representation (Patel &
Ramachandran, 2009b). At this level of maturity, the story card needs to be explanatory enough to
detive the acceptance critetia for the desired functionality. The story card is used only as a guideline
and is allowed to change within the iteration (Sverrisdottir et al., 2014), aligned with agile principle
two (Fowler & Highsmith, 2001). Sufficiently detailed story cards allow the proper detail breakdown
of the tasks required to implement the requirement (Vlaanderen et al., 2011), which allows for more
accurate developer-based estimates and thus improved project or iteration planning. This form of
agile requirement management has been shown to be a critical success factor for agile implementa-
tions (Chow & Cao, 2008).

Estimation in an agile environment takes the form of planning poker, which is a consensus-based
technique similar to using wide-band Delphi estimation (Gandomani et al., 2014). Though relying on
a mix of expertise, the tendency is for less optimistic, i.e. more realistic outcomes (Mahni¢ & Hovelja,
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2012), which is vital for establishing a proper implementation plan and tracking the development
velocity of the team.

Level Three: Defined Having established the agile practices in level two, level three (Defined) shifts
the focus to better defining the specific agile implementation (Patel & Ramachandran, 2009a), focus-
ing on the use of technical and technological aspects of the implementation. This level is charactet-
ized by increased customer relationship management through increased customer presence and cus-
tomer satisfaction, through constant feedback, aligning with principles four and six. Using more col-
laborative development practices such as pair programming and test-driven development ensutes
more frequent and regular delivery of working software (Patel & Ramachandran, 2009a), aligning
with principles one, three through seven, and nine. The AMM at this level of maturity requires “fre-
quent releases which will create a feedback loop” (Patel & Ramachandran, 2009a, p. 10), generally
taking the form of a demonstration of the functionality developed during an iteration to the custom-
er. These demonstrations are vital for the customer to provide necessary feedback to the develop-
ment team and allow the surfacing of any incorrect assumptions made during development, which
assist in improving future iterations (Hoda et al., 2011) and rely heavily on the collaborative relation
built in the previous maturity level.

This collaboration extends to the development practices employed, with the AMM expecting pair
programming, code peer reviews, and collective code ownership (Patel & Ramachandran, 2009a).
Interestingly these aspects are not explicitly listed in critical success factor research by Chow and Cao
(2008) nor explicitly mentioned in the agile manifesto. Unsurprisingly, it remains a contentious issue
both in practice and academic research, with findings ranging from showing improved code quality
and increased business knowledge to it having limited success, working only for new and complex
problems when the proper mix of skills, personality, and expertise are involved (Bipp et al., 2008;
Hannay et al., 2009; Lui & Chan, 20006). Lui and Chan (20006) specifically highlight the limitation of
these techniques when either experienced developers are paired or the problem domain is well un-
derstood.

A further practice assisting the quality of software being delivered is the use of proper agile practices
and techniques (Chow & Cao, 2008). Practices such as Test-Driven Development (TDD) in which
unit tests are coded before any functionality is developed have been shown to improve the software
quality (Sanchez et al., 2007). Building on the previous maturity level, the unit tests are derived from
the user story.

Level Four: Improved. The foundation having been established in prior maturity levels, level four
of the AMM (Improved), focuses on non-technical aspects such as project, team, and people man-
agement. It is characterized by a shift toward project management and tracking based on successful
delivery (principle seven). Teams are allowed to organize their own development efforts (principle
five and eleven; working hours are limited to ensure a sustainable pace (principle eight), and oppor-
tunities for improvement are constantly identified (principle twelve) (Patel & Ramachandran, 2009a).

Listed as a critical success factor, proper agile project management techniques (Chow & Cao, 2008)
are related to the proper planning, work allocation, and progress tracking. Propetly prioritized work
lists, known as product backlogs, is the responsibility of the customer to ensute the team works on
relatively important work items. A propetly prioritized backlog relates to the success of a project
(Stettina & Horz, 2015). In conjunction with the developer estimates for each of the user stories in
the previous maturity level, a project plan is compiled.

Having a complete prioritized list of the functionality required allows the selection (pull) of the next
piece of functionality to be built by the development team. This pull mechanism of work allocation,
based on discussion and collaboration with the customer (Stettina & Horz, 2015), has been shown to
a success factor for agile projects ensuring the most important business functionality is delivered first
(Chow & Cao, 2008). This form of work allocation is characteristic of a self-organizing team leading
to an environment where the development team is trusted to get the work done (Stettina & Horz,
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2015). This form of work allocation is a “classic craftsman environment” (Boehm & Turner, 2003, p.
7).

Progress tracking for the AMM is performed relative to stories completed (Patel & Ramachandran,
2009a). The AMM suggests the use of agile measures such as burn-down charts to measure overall
progress (Papadopoulos, 2015), with story completion rates being used to measure continuous value
delivery and risk reduction (Verheyen, 2014).

Principle eight of the agile manifesto introduces the concept of being able to sustain a “constant pace
indefinitely” (Fowler & Highsmith, 2001, p. 31), which is confirmed by critical success factor re-
search, showing adhering to a regular work schedule to be a vital component for success. To achieve
a sustainable pace, one of the practices of extreme programming calls for a limit of forty hours (Sau-
ter, 2000).

Level Five: Sustained. The previous maturity levels create an environment in which agile practice
and implementation is propetly established. Level five of the AMM (Sustained) switches the focus to
project performance management with the team focusing on eliminating the root cause of defects
and ensuring quality delivery, which meets customer satisfaction (principle one) (Patel & Ramachan-
dran, 2009a), thus maintaining an increased delivery velocity.

In the context of the AMM, project performance management relates to similar focus areas intro-
duced at the lower maturity levels, but the expectation at this level is increased. An example of this is,
whilst at the lower levels, customer presence is required for planning and daily feedback level five
requires the customer to be present with and available to the team daily for a minimum of two hours
(Patel & Ramachandran, 20092). Research has shown that in mature agile environments, the availabil-
ity and commitment of customers can be more influential for success than satisfaction and collabora-
tion (Misra et al., 2009). Furthermore, story cards produced at this maturity level insist on the inclu-
sion of acceptance criteria provided by the customer to determine if functionality has been success-
fully delivered (Patel & Ramachandran, 2009b). Amongst other disciplines, the AMM requires all
code to have unit tests coded prior to the development of the functional code and the release to pro-
duction only taking place once all unit tests have passed (Patel & Ramachandran, 2009a2).

The discipline of testing and quality assurance extends into defect prevention where bugs found in
released code are addressed in favor of future functionality (by agreement with the customer) (Patel
& Ramachandran, 2009b). Root cause analysis is applied to the defect, the cause is addressed, tests
are developed to identify the defect and ensure non-recurrence, an approach which has shown to
increase both quality and the overall sustainable velocity of delivery (Nagappan €t al., 2008).

CONCEPTUAL MODEL, CONSTRUCTS AND HYPOTHESES

CONCEPTUAL MODEL

The research questions presented in this study combine concepts from agile principles and practices,
maturity models, and perceived projects. Combining these concepts results in the high-level concep-
tual model shown in Figure 7, which shows the hypothesized relationship between the constructs.
The conceptual model for this research relates the levels of the AMM as the independent variable to
the dependent variable of perceived project success.
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Figure 7: Conceptual model for evaluating the association of focus areas of the AMM (Patel
& Ramachandran, 2009a) and perceived project success (Serrador & Pinto, 2015)

The dependent variable for this research will adopt the definition of perceived project success as be-
ing stakeholder satisfaction as defined by Serrador and Pinto (2015) and discussed in the section on
Perceived Project Success in the literature review.

The AMM, as proposed by Patel and Ramachandran (2009a), forms the basis for the conceptual
model presented in Figure 7. More specifically, to answer the sub-question posed in this research, the
conceptual model needs to associate each of the focus areas at each maturity level to the perceived
project success.

HYPOTHESES

Using the conceptual model gives tise to eleven hypotheses and their corresponding null hypotheses
for this study (see Table 3). Evidence from literature in support of the hypotheses is available in sec-
tion 2.5. Note that the initial level of the AMM is characterized by being dependent on heroic efforts
with no specifically defined process in place (Tarnowski, 2014). Outcomes are not repeatable, and
there is no alignment to agile principles and is thus excluded from this research.

Table 3: Summary of Hypotheses

environment is positively associated with
the teams’ perceived project success.

Ho-1: Customer availability in an agile team
environment is not positively associated
with the teams’ perceived project success.

AMM Level Hypotheses Evidence from lit-
erature

Level 1: Initial N/A N/A

Level 2: Explored | Hi: Customer availability in an agile team (Patel & Ramachan-

dran, 20092)

(Tanner & von
Willingh, 2014)

(Hoda et al., 2011)

Ho: Reguirement management implemented
through the use of story cards which are
allowed to change is positively associated
with the teams’ perceived project success.

(Patel & Ramachan-
dran, 20092)
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AMM Level

Hypotheses

Evidence from lit-
erature

Ho-2: Requirement management imple-
mented through the use of story cards
that are allowed to change is not positively
associated with the teams’ perceived pro-
ject success

(Sverrisdottir et al.,
2014)

Ha: Project planning activities based on es-
timates by the implementation team are
positively associated with the teams’ per-
ceived project success.

Ho-3: Project planning activities based on
estimates by the implementation team are
not positively associated with the teams’
perceived project success.

(Gandomani et al.,
2014)

(Mahni¢ & Hovelja,
2012)

Level 3: Defined

Hy: Regular delivery OF software to the cus-
tomer is positively associated with the
teams’ perceived project success

Ho.4: Regular delivery of softwate to the
customer is not positively associated with
the teams’ perceived project success

(Patel & Ramachan-
dran, 20092)

(Hoda et al. 2011)

Hs: Using collaborative develgpment tech-
niques such as pair programming, peer
reviews, and collective code ownership is
positively associated with the teams’ per-
ceived project success.

Ho-s: Using collaborative development
techniques such as pair programming,
peer reviews, and collective code owner-
ship is not positively associated with the
teams’ perceived project success.

(Patel & Ramachan-
dran, 20092)

Hg: Using test-driven develgpment practices is
positively associated with the teams’ pet-
ceived project success.

Ho.¢: Using test-driven development prac-
tices is not positively associated with the
teams’ perceived project success.

(Crispin, 2000)
(Sanchez et al., 2007)

Level 4: Im-
proved

H7: Implementing sustainable pace practices
by limiting working hours to forty hours a
week is positively associated with the
teams’ perceived project success.

Ho-7: Implementing sustainable pace prac-
tices by limiting working hours to forty
hours a week is not positively associated
with the teams’ perceived project success

(Patel & Ramachan-
dran, 20092)
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AMM Level

Hypotheses

Evidence from lit-
erature

Hs: Self-organizing teams that are allowed to
select the work items and organize them-
selves to deliver the functionality is posi-
tively associated with the teams’ perceived

project success.

Ho.s: Self-organizing teams that are al-
lowed to select the work items and organ-
ize themselves to deliver the functionality
is not positively associated with the teams’
perceived project success.

(Stettina & Horz,
2015)

(Boehm & Turnet,
2003)

Ho: Agile project management activities USing
customer prioritized backlogs and tracking
mechanisms based on value delivery are
positively associated with the teams’ pet-
ceived project success.

Ho-o: Agile project management activities
using customer prioritized backlogs and
tracking mechanisms based on value de-
livery are not positively associated with
the teams’ perceived project success.

(Chow & Cao, 2008)

(Stettina & Horz,
2015)

Level 5: Sus-
tained

Hio: Implementing defect prevention and root
cause analysis in favor of future function-
ality is positively associated with the
teams’ perceived project success.

Ho-10: Implementing defect prevention
and root cause analysis in favor of future
functionality is not positively associated
with the teams’ perceived project success.

(Patel & Ramachan-
dran, 20092)

(Patel & Ramachan-
dran, 2009b)

(Nagappan et al.,
2008).

Huu: Project performance management activities
focusing on customer involvement and
satisfaction are positively associated with
the teams’ perceived project success.

Ho-11: Project performance management
activities focusing on customer involve-
ment and satisfaction are not positively
associated with the teams’ perceived pro-

]CCt SUuCCeESsS.

(Patel & Ramachan-
dran, 2009b)

RESEARCH METHODOLOGY

The objective of this study was to analyze the association between the independent variables repre-
sented in the levels of the AMM and the perceived project success, independent of external factors.
Thus, an objectivist ontological stance using a positivist view was adopted for the research. Using a
deductive approach to prove or disprove the hypotheses, the goal of this research relates to theory
type IV of the taxonomy mentioned by Gregor (2006) and is both explanatory and predictive. Saun-

ders et al. (2009) note a key constraint of a deductive approach to ensure rigor is “%at the researcher

should be independent of what is being observed.” (Saunders et al., 2009, p. 125). Thus, to maintain rigor and

remove the researcher from the agile environments being researched, a quantitative approach was

used. To further maintain the independence between the researcher and the participants, a question-
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naire was employed as the inquiry strategy, using an online survey for ease of distribution and the
ability to reach a wider audience.

RESEARCH INSTRUMENT

The research instrument contained three sub-sections namely information and consent, demographic
information, and survey information. The information and consent provided some background to
the research being conducted and include an opportunity for the participant to indicate consent to
participate in the research. The demographic information prompted for information to categorize the
respondent without identifying the individual or the organization, consistent with the objectivist on-
tology.

The survey section focused on the conceptual model being researched. The questions used in the
research instrument was a combination of the AMM questions used by Patel and Ramachandran
(2009a) for assessing the presence of the specific focus area characteristics for a given level of agile
maturity and by Serrador and Pinto (2015) in determining stakeholder success factors for the per-
ceived project success and will take the form of a five-point Likert scale. A Likert scale has been
shown to be useful when measuring opinions and attitudes in social sciences (Croasmun & Ostrom,
2011). The five-point scale was used specifically since Cummins and Gullone (2000) advise that a
broader selection of options allows respondents the opportunity to provide a useful response, yet a
balance needs to be attained in scale length to reduce to the survey response time (Cummins &
Gullone, 2000). Furthermore, a scale with an odd number of options was used to allow a neutral re-
sponse option. The absence of a neutral response option could influence the results obtained since
respondents would be forced to adopt a stance (Croasmun & Ostrom, 2011). The forced response
would tend to more socially acceptable answers, thus skewing the results (Gatland, 1991).

The wording of the survey questions was in the form of a statement to which the respondent can
indicate agreement on a Likert scale selecting from strongly disagree, disagree, neutral, agree, OF
strongly agree. Podsakoff, MacKenzie, Lee, and Podsakoff (2003) highlight the importance of phras-
ing statements negatively, t0 act as “cogritive ‘speed bumps’” and to avoid “automatic, cognitive processing”
(Podsakoff et al., 2003, p. 884). Thus, where possible, each construct will include a negatively worded
statement.

As previously mentioned, the constructs representing agile maturity levels were adopted from the
AMM based on the model by Patel and Ramachandran (2009a), which includes qualitative assess-
ment criteria for each process area. Since the study was quantitative, statements developed adapted
the assessment criteria from the AMM to be more suitable to a quantitative study and a Likert scale.
Various statements, in line with constructs of the framework, Were formulated accordingly. The ques-
tionnaire is included in the Appendix.

TARGET POPULATION & SAMPLE

The objective and questions posed in this study are independent of any specific agile methodology.
The AMM utilized as the independent construct in the Conceptual model is consistent with the non-
dependence of a specific agile methodology. Literature indicates agile team members are not bound
by job titles, with Ambler (2012) highlighting the difference between roles and job titles in agile
teams. Given the conceptual model for this research, the population for the study includes respond-
ents practicing any agile methodology and cannot be limited to any specific job title.

With the focus on maturity levels, organizations representing the five levels of maturity needed to be
included in the survey. With the novelty of the agile maturity research area, there is no empirical data
indicating the agile maturity level of an organization. Based on CMMI, Shrum and Phillips (2004)
provide guidance suggesting organizations can take up to seven years to obtain a higher level of ma-
turity, which was used as guidance in terms of the population being approached.
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Given no comprehensive database exists which defines the sample frame of agile practitioners, a
combination 0f NoN-probabilistic sampling approaches Was used (Saunders et al., 2009). Purposive
sampling was initially utilized, including contacts within the industry, agile communities and practi-
tioners. Purposive sampling is a technique used to select respondents who will best answer the re-
search question being posed (Saunders et al., 2009) based on their knowledge and expertise in the
field being researched (Tongco, 2007) and best match the population defined for the study. Though a
non-random technique, it has been shown to “be just as effective as, and even more efficient than, random sam-
Ppling” (Tongco, 2007, p. 155). Thereafter a snowball sampling technique was employed, which is
characteristic of research involved in a non-deterministic sample frame (Saunders et al., 2009).

Non-probabilistic sampling suffers from common limitations. Most notably, these include bias and
self-selection; potentially leading to a homogenous sample (Saunders et al., 2009). However, given the
objective is to obtain responses from agile practitioners, the initial use of purposive sampling should
mitigate this limitation.

RESULTS

The responses to the survey were exported from Qualtrics into Microsoft Excel (version 2007) to
perform the initial data cleansing and analysis. The total number of respondents to the survey was
ninety-six. Two of the respondents opted not t0 partake in the survey by answering “No” to the ini-
tial consent question. Of the remaining ninety-four, twenty-five of the surveys did not have all the
answers completed and were deemed to have been abandoned. This resulted in a working response
set of sixty-nine (Rn = 69) total completed responses. Though a sample of sixty-nine seems low, this
does not invalidate the study, as Stutely (2003) advises as a rule of thumb, a minimum number of 30
is required for statistical analysis. Furthermore, “Statisticians have also shown that a sample size of 30 or more
will usnally result in a sampling distribution for the mean that is very close to a normal distribution” (Saunders €t
al.,, 2009, p. 218). The completed responses were then imported into SPSS for further statistical anal-
ysis.

DESCRIPTIVE ANALYSIS

This section describes the background of the respondents in line with the questions asked in the
questionnaite, i.e. industry, the agile methodology being used, the agile experience of the respondent,
length of time the project was using an agile methodology, the job title, and role of the respondent.

For the categorical variables industty, agile methodology, job title, and agile role, a non-probabilistic
one-sample chi-square test with a null hypothesis that each category occurs with equal probability at a
significance level of p < 0.05 was performed to determine whether the responses wete occurting
with equal probability.

Tests for normal distribution of the ordinal variables indicating the number of years the project had
been using an agile method, coded as “ProjectAgileYears” and the number of years of personal agile
experience of the respondent, coded as “AgileExperience” were conducted. The normality test used
the Shapiro-Wilk (SW) test with a null hypothesis that the sample is normally distributed. A p —
value < 0.05 indicates the vatiable is not normally distributed.

Responses by industry
With 47 responses, representing 68.12% of Rn, the majority of the responses were obtained from the
financial services sector. These 47 responses were composed of 10 (14%) from Banking, 30 (43%)

from Insurance and 7 from “Other” types of financial services (see Table 4). The response distribu-
tion achieved is consistent with annual international surveys where financial services and insurance

comprise approximately 20% of responses (VersionOne, 2016). The chi-squared result X?(2) =
0.000, p < 0.05 indicates the difference in the responses obtained by industry is statistically signifi-
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cant, with a bias towards the financial services industry. Given the non-probabilistic sampling tech-
nique utilized, this outcome is expected.

Table 4: Response Distribution by Industry

Industry Number of Percentage of Total
Respondents | Completed Responses

Academic/Education 1 1%
Entertainment 3 4%
Financial Services - Banking 10 14%
Financial Services - Insurance 30 43%
Financial Services - Other 7 10%
Medical/Health Services 3 4%

Retail 10 14%
Transportation 1 1%

Other 4 6%

Total 69 100%

Responses by Agile methodology

Consistent with findings from international surveys (VersionOne, 2016), the findings from this study
indicate Scrum to be in use in the majority (75%), 52 responses (see Table 5). Interestingly none of
the respondents indicated using XP. This is expected as the current trend in the use of agile methods
internationally shows that XP is consistently on the decline (VersionOne, 2016). The chi-squared
result X2(2) = 0.000, p < 0.05 indicates the difference in the responses obtained by agile meth-
odology is statistically significant, with a bias towards the scrum methodology. However, given the
alighment to international trends and findings (VersionOne, 2016), the response to this survey is
consistent with other observations and thus properly representative of the agile population.

Table 5: Response distribution by agile methodology implemented

Agile Methodology Number of Percentage of Total
Respondents | Completed Responses

Scrum 52 75%

Kanban 4 6%
Scrumban 2 3%
Scrum/XP Hybrid 2 3%

Custom Hybrid 6 9%

Other 3 4%

Total 69 100%

Responses by job title and agile role of respondents

The majority of responses, 29% (20 respondents) were from “developers”. The remaining responses
were evenly distributed, with the only other notable exception being that of “solution architect” at
10% (7 respondents) (see Table 6). The prevalence of developers as well as solution architects is un-
surprising as Ambler (2012) mentions the predominance of both the developers and architects in
agile teams, particularly in large corporate environments. The chi-squared result X2(2) = 0.000,

p < 0.05 indicates the difference in the responses obtained by job title is statistically significant, with
a bias towards respondents having a job title of “developer”.
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In contrast, the distribution of respondents by the agile role being fulfilled confirms the difference
between roles and job titles in agile teams (Ambler, 2012), with the developer role being the most
common amongst respondents. Notably, a number of respondents perform multiple roles. The chi-
squared result X2(2) = 0.849, p < 0.05 indicates the difference in the responses obtained by agile
role is not statistically significant and thus no bias towards any specific agile role is present.

Table 6: Response distribution of job title and agile role responses

Job Title Number of Percentage of Total
Respondents | Completed Responses
Business Analyst 3 4%
CTO 2 3%
Data Analyst 1 1%
Data architect 2 3%
Developer 20 29%
Development Manager 2 3%
DevOps specialist 1 1%
Director of Technology 1 1%
Head of Process Engineering 1 1%
IT Team Manager 1 1%
Lean Agile Coach 1 1%
Line Manager / Scrum Master 1 1%
PMO Manager 1 1%
Practice Head: Software Quality 1 1%
Engineering
Product Owner 2 3%
Programme Manager 1 1%
Project manager 3 4%
QA engineer 1 1%
Quality Assurance & Test Man- 1 1%
ager
Scrum Master 4 6%
Scrum Master/ Project Manager 1 1%
Senior Business Analyst 1 1%
Senior Manager Custom Applica- 1 1%
tion Development
Senior Staff Engineer 1 1%
Software Practise Engineering - 1 1%
Practise Manager R&D
Solution Architect 7 10%
Systems Analyst 2 3%
Tech lead 1 1%
Test Analyst 1 1%
VP of Technology 1 1%
Team leader 1 1%
Agile coach 1 1%
Total 69 100%
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Responses by years Agile in use for project

The responses of the number of years projects have been using agile methodologies are evenly dis-
tributed across the available year ranges. The majority of respondents, 50 responses (72%) indicate
using agile methodologies for three years or less (see Table 7). The normal distribution and descrip-
tive statistics results indicate the responses are not normally distributed, with a SW result of 0.905
and p — value < 0.001. The skewness value of 0.512 indicates the distribution is moderately and
slightly positively skewed.

Table 7: Distribution of responses by number of year’s project has been using agile

Number of Years Project Number of Percentage of Total
Using Agile Methodologies | Respondents | Completed Responses
Less than 1 year 14 20%

Between 1 and 2 years 16 23%

Between 2 and 3 years 20 29%

Between 3 and 4 years 7 10%

Between 4 and 5 years 11 16%

Between 5 and 6 years 0 0%

More than 6 years 1 1%

Total 69 100%

Responses by Agile experience of respondents

Given the publication of the agile manifesto in 2001 (Fowler & Highsmith, 2001) being over fifteen
years ago it is unsurprising the majority of the respondents, 43 responses equating to 62%, report to
have more than four years of agile experience, comprised of 16 responses between 4 and 5 years, 4
responses between 5 and 6 years and 23 responses with more than 6 years’ experience (see Table 8).
The normal distribution tests conducted for agile experience indicate the variable is not normally dis-
tributed, with an SW measure of 0.869 and a2 p — value < 0.001. The skewness value of -0.410
indicates the distribution is fairly symmetrical and slightly negatively skewed. The responses obtained
are consistent with findings from international studies (VersionOne, 2016), which show the majority
of respondents having more than four years of agile experience (VersionOne, 2017).

Table 8: Response distribution by agile experience of respondents

Experience with Agile Number of Percentage of Total
Methodologies Respondents | Completed Responses
Less than 1 year 6 9%

Between 1 and 2 years 5 7%

Between 2 and 3 years 12 17%

Between 3 and 4 years 3 4%

Between 4 and 5 years 16 23%

Between 5 and 6 years 4 6%

More than 6 years 23 33%

Total 69 100%

ITEM CONSISTENCY AND RELIABILITY TESTS

For each of the constructs, the internal consistency of responses was determined using the Cronbach
alpha (a) test. A Cronbach a = 0.7 is deemed to show the combination of questions posed for a
construct is reliable (Nunnally, 1978). Although an a as low as 0.6 is acceptable for exploratory re-
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search (Fornell & Larcker, 1981), where a construct was found to have a < 0.6, the test was extend-
ed to determine the effect Of the elimination of a question would have on the reliability measure.
Since Cronbach & depicts the lower bound reliability measure (Hair & Hult, 2010), it is suggested
further reliability tests be conducted for low a results (Sijtsma, 2009). For these cases, the Spearman
correlation (rho) was calculated to determine whether there was a statistically significant correlation
between the responses. A statistically significant correlation measure and @ = 0.6 ensures the ques-
tions used in the analysis of the construct are aligned to the intent of the construct.

The questions related to a construct were coded as a concatenation of the construct abbreviation, e.g.
CA (Customer Availability) and the question number in the survey. The constructs Customer Availa-
bility, Requitements Management, Self-Organizing Teams, Agile Project Management and Perfor-
mance Management have a Cronbach @ = 0.7, Project Planning, Regular Delivery, Test Driven De-
velopment and Sustainable Pace have a Cronbach @ = 0.8 and Perceived Project Success with a
Cronbach a = 0.9 showing high internal consistency. Collaborative Development (@ = 0.5) and
Defect Prevention (@ = 0.4) show low internal consistency, and further analysis is applied as further
detailed in the following subsections.

Collaborative development

A Cronbach of @ = 0.5 was obtained for the Collaborative Development construct. The exclusion
of any of the questions does not improve the reliability measure of the construct (refer to Table 10).
Table 9 shows the results of the rho correlation tests for the collaborative development construct.
The results show a statistically significant correlation between CD17 and CD18 at a 0.01 (99%) con-
fidence level. However, CD19 shows a statistically insignificant correlation with these questions.
CD19 is thus excluded from further analysis and the construct is represented by CD17 and CD18.

Table 9: Internal consistency Spearman (rho) correlation for Collaborative Development

Construct
Variable | CD17 CD18 | CD19
CD17 1.000
CD18 0.349** 1.000
CD19 0.099 0.178 1.000
** Correlation is significant at the 0.01 level (2-tailed)

Table 10: Effect on Cronbach alpha measure when deleting questions

Variable | Cronbach's Alpha if Item Deleted

CD17 0.335
CD18 0.225
CD19 0.498

Defect prevention

A Cronbach of & = 0.4 was obtained for the Defect Prevention construct; however as shown in
Table 12, the exclusion of any of the questions does not improve the reliability of the construct. Ta-
ble 11 shows the results of the rho correlation tests for the defect prevention construct. The results
show a statistically significant correlation between DP33 and DP34 at a 0.01 (99%) confidence level.
However, DP35 shows a statistically insignificant correlation with these questions and a possible ex-
planation is the negative phrasing of the question. Roszkowski and Soven (2010) show that negatively
phrased questions could adversely affect the response correlation. DP35 is thus excluded from fur-
ther analysis and the construct was represented by DP33 and DP34.
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Table 11: Internal consistency Spearman (rho) correlation for Defect Prevention Construct

DP33 DP34 DP35
DP33 1.000
DP34 0.418%* 1.000
DP35 0.113 0.070 1.000
** Correlation is significant at the 0.01 level (2-tailed)

Table 12: Effect on Cronbach alpha measure when deleting questions

Variable | Cronbach's Alpha if Item Deleted

DP33 0.115
DP34 0.246
DP35 0.547

CONSTRUCT NORMALITY AND DISTRIBUTION

Each construct was tested for normality using the Shapiro-Wilk (SW) test for normality to determine
the statistical approach to be applied. With p — value < 0.001, the constructs of CA, RM, RD, and
PPS are non-normally distributed. The constructs PP, SOT, and DP were found to have p —
value = 0.001, and thus also have a non-normal distribution. The remaining constructs of CD,

p —value < 0.005, TDD, p —value < 0.007,SP, p —value < 0.026, APM, p — value <
0.002 and PM, p — value < 0.141 were all found to have a p — value > 0.001 and thus the
responses were normally distributed. Since there is a mixture of normally and non-normally distribut-

ed responses, non-parametric statistical methods were used for further analysis (Saunders et al.,
2009).

HYPOTHESES TESTS

Correlation analysis was used because the objective of the research is the investigation of the associa-
tion between the two constructs and the data collected is discrete numeric data (Saunders et al.,
2009). Since the conceptual model being investigated in this research and the corresponding hypoth-
eses are unidirectional, a one-tailed correlation was employed. Spearman’s non-parametric correlation
(rs) was used to determine the strength and direction of the correlation since it does not assume not-
mality in the undetlying data. Significance testing was conducted for each hypothesized correlation to
test the probability of the correlation occurring by chance. For resulting p — value < 0.05 the cor-
relation was deemed to be statistically significant, allowing the relevant null hypotheses to be rejected
(Saunders et al., 2009).

Table 13 shows the summary of the Spearman rho correlation for each of the independent constructs
against the dependent construct of perceived project success. As is evidenced, all the constructs show
statistically significant correlation at either the 0.01 (99%) or 0.05 (95%) confidence interval. The
strongest correlation of 0.626 is observed for PerfMng while the weakest correlation of 0.270 is ob-
served for CD.

Table 14 shows the summary of the Spearman rho correlation for each of the maturity level con-
structs against the dependent construct of perceived project success. As is evidenced, all the con-
structs show a statistically significant correlation at the 0.01 (99%) confidence interval. The strongest
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correlation of 0.626 is observed at maturity level five (IL5), while the weakest correlation of 0.482 is
observed at maturity level three (L3).

Table 13: Summary of Spearman rho Correlation of independent constructs to the dependent
construct of Perceived Project Success

Construct Correlation
Performance Management 0.626**
Requirement Management 0.559**
Self-Organizing Team 0.540%*

Test-Driven Development 0.496**

Regular Delivery 0.491**

Defect Prevention 0.473%*

Project Management 0.473%**

Customer Availability 0.401%*

Project Planning 0.347+*

Sustainable Pace 0.340%¢
Collaborative Development | 0.270*

** Correlation is significant at the 0.01 level (1-tailed).
* Correlation is significant at the 0.05 level (1-tailed).

Table 14: Summary of Spearman rho Correlation of independent constructs to the dependent
construct of Perceived Project Success

Construct PPS
Level 2 — Explored (1.2) 0.507**
Level 3 — Defined (L3) 0.482%*
Level 4 — Improved (L4) 0.575%*
Level 5 — Sustained (LL5) 0.616**
** Correlation is significant at the 0.01 level (1-tailed).

FINDINGS AND DISCUSSION

HYPOTHESES ANALYSIS

Hypothesis 1: Customer availability

The Customer Availability construct shows a statistically significant correlation of 0.401 at a confi-
dence level of 0.01 (99%). Thus, the null hypothesis Ho-1is rejected in favor of Hy. The responses to
this survey indicate that customer availability is positively associated with the teams’ perceived project
success.

This finding is consistent with previous research on customer availability being a critical success fac-
tor for agile environments (Chow & Cao, 2008; Tanner & von Willingh, 2014) and further supports
principle four of the agile manifesto (Fowler & Highsmith, 2001). Critically at level two maturity of
the AMM, a knowledgeable customer should be present at the start of an iteration to ensure require-
ments are propetly understood, explained and clarified (Patel & Ramachandran, 2009a). Furthermore,
findings from this study confirm previous work in which the daily availability and inclusion of the
customer in decisions related to the development of the software are positively associated with pro-
ject success (Abelein & Paech, 2015).
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Hypothesis 2: Requirements management

Responses to this survey show a statistically significant correlation of 0.559 at 0.01 (99%) confidence
level between the requirements management and perceived project success construct. The null hy-
pothesis Ho-; is rejected in favor of H and the finding from this research is that requirement man-
agement is positively associated with the teams’ perceived project success.

Consistent with findings by Patel and Ramachandran (2009b), this research indicates that the man-
agement of requirements represented in story cards is positively associated with perceived project
success. Furthermore, the findings from this research are consistent with principle two of the agile
manifesto (Fowler & Highsmith, 2001) with Ambler (2014), and Sverrisdottir et al. (2014) highlight-
ing the positive influence changing requirements can have on perceived project success.

Hypothesis 3: Project planning

The responses for this survey show a statistically significant correlation of 0.347 at 0.01 (99%) confi-
dence level between project planning and perceived project success. Thus, the null hypothesis Ho-s iS
rejected in favor of Ha.

The results confirm that the use of agile estimation techniques allows for more accurate and reliable
estimation (Surowiecki, 2004), which in the context of this study, is found to have a positive associa-
tion with the teams’ perceived project success. Using the teams’ input into the iteration plan and the
presence of the customer during the initial estimation allows for transparency, clarification, and ex-
pectation management, resulting in a more realistic and achievable plan (Patel & Ramachandran,
2009b). This confirms previous findings that input from the development team in project planning,
based on the granular decomposition of the work required, allows for more accurate, reliable and
realistic estimates (Turner, 2014) and thus improved project success.

Hypothesis 4: Regular Delivery

The regular delivery construct shows a statistically significant correlation of 0.491 at a 0.01 (99%)
confidence level with the perceived project success construct. Thus, the null hypothesis Ho-4 is reject-
ed in favor of Ha.

The positive association found between regular delivery and perceived project success is confirma-
tion of the underlying philosophy of an agile implementation, embodied in principle one and seven
of the agile manifesto (Fowler & Highsmith, 2001). Furthermore, these results align with existing
consensus in literature that regular delivery is a critical success factor for agile implementations
(Chow & Cao, 2008; Franca et al., 2010), with Franca et al. (2010) finding it to have the strongest
correlation with project success.

Hypothesis 5: Collaborative development

Though the agile manifesto encourages collaborative practices as per principle six (Fowler & High-
smith, 2001), collaborative practices such as pair programming is not found to be a critical success
factor in agile implementations in literature (Chow & Cao, 2008). Howevet, the responses obtained
in this research show a statistically significant correlation of 0.270 at a confidence level of 0.05 (95%)
between collaborative development practices and perceived project success. Thus, the null hypothesis
HO-5 is rejected in favor of Hs.

However, this construct was found to have the weakest correlation of all the constructs. Though col-
laborative techniques have been found to result in improved code quality and increased business
knowledge (Bipp et al., 2008), working only for new and complex problems when the proper mix of
skills, personality and expertise are involved (Hannay et al., 2009). More specifically, collaborative
development techniques have been found to be less effective amongst experienced developers (Han-
nay et al., 2009) and since the majority of the respondents for this study have more than six years of
agile experience the weak correlation found is possibly due to prevalence of more experienced re-
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spondents, aligning to existing findings (Hannay et al., 2009). Due to the limitations of this study it is
not feasible to perform more in-depth analysis to explain the results obtained in further detail, how-
ever it could be a topic for future research.

Hypothesis 6: Test-driven development

A statistically significant correlation of 0.496 at a confidence level of 0.01 (99%) between test-driven
development and perceived project success was found. Thus, the null hypothesis Ho is rejected in
favor of Hg.

As previously discussed, a key component of perceived project success in an agile environment is
quality (Serrador & Pinto, 2015), which is “the most subject to variation in perception by multiple
project stakeholders” (Prabhakar, 2008, p. 7). Test-driven development activities have been shown to
improve the quality of the implemented software (Sanchez et al., 2007), whilst ensuring frequent de-
livery (Patel & Ramachandran, 2009a). Whilst an increase in the quality has been found to improve
project success (Serrador & Pinto, 2015), the frequent delivery aligns with principle three of the agile
manifesto “Deliver working software frequently, from a couple of weeks to a couple of months, with
a preference to the shorter timescale.” (Fowler & Highsmith, 2001, p. 35). The finding of this study is
thus aligned with previous literature.

Hypothesis 7: Sustainable pace

The sustainable pace construct shows a statistically significant correlation of 0.340 at a 0.01 (99%)
confidence level. Thus, the null hypothesis Ho-7 is rejected in favor of Hs.

Principle eight of the agile manifesto mentions “constant pace indefinitely” (Fowler & Highsmith,
2001, p. 31), which is the basis of this construct in the AMM. The practice of limiting the working
week to forty hours is one of the principles in extreme programming (Sauter, 2006) and has been
shown to be a critical success factor in agile implementation (Chow & Cao, 2008; Tanner & von
Willingh, 2014). The finding from this research thus aligns with critical success factor research (Chow
& Cao, 2008; Tanner & von Willingh, 2014). With a correlation of 0.340, the sustainable pace con-
struct is found to have the second lowest correlation to perceived project success. A possible expla-
nation for the low correlation is the negatively phrased questions used in the wording of one of the
questions for this construct, which has sometimes been found to potentially adversely affect respons-
es (Roszkowski & Soven, 2010).

Though Chow and Cao (2008) stress sustainable pace practice as a critical success factor, Franca et al.
(2010) found sustainable pace to not correlate with project success. A possible explanation for this
apparent misalignment of findings, is this study does not suffer from the same generalization re-
striction. The generalization restriction in the study by Franca et al. (2010) is primarily due to the size
and localization of the survey participants. Though the current study has a similar response size, the
sample does not suffer from the same localization restriction.

Hypothesis 8: Self-organizing team

The self-Organizing team construct shows a statistically significant correlation of 0.540 at a confi-
dence level of 0.01 (99%). Thus, the null hypothesis Ho-s is rejected in favor of the hypothesis Hs.
The responses obtained in this survey depict a positive association between the independent con-
struct of a self-organizing team and the dependent construct of petceived project success.

The observation from this study is consistent with studies showing teams that operate in a “classic
craftsman environment” (Boehm & Turner, 2003, p. 7), being able to select their own work is critical
to the success of an agile implementation (Chow & Cao, 2008) and is shown to be critical in the suc-
cess of the project (Tanner & von Willingh, 2014).
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Hypothesis 9: Agile project management

The responses to the survey indicate a statistically significant correlation of 0.473 at a confidence lev-
el of 0.01 (99%). Thus, the null hypothesis Ho.o is rejected in favor of H9. Principles seven “Working
software is the primary measure of progress” (Fowler & Highsmith, 2001, p. 35) of the agile manifes-
to equates project success to the delivery of software of value, to the customer.

Agile Project Management (APM) within the AMM, focuses the management efforts on metrics to
track the delivery of business value (Patel & Ramachandran, 20092) and improving the quality of
software (Verheyen, 2014). Ambler (2011) concludes agile projects are considered successful when
deemed to be delivering value to the business, which is tracked by using agile methods such as burn-
down charts (Papadopoulos, 2015) and story completion rates being used to measure continuous
value delivery and risk reduction (Verheyen, 2014). While not explicitly mentioned as a critical suc-
cess factor, Chow and Cao (2008) lists the “Lack of agile progress tracking mechanism” (Chow &
Cao, 2008, p. 963) as a failure factor for agile implementations.

Hypothesis 10: Defect prevention

The defect prevention construct was found to have a statistically significant correlation of 0.473 at a
confidence level of 0.01 (99%) with the perceived project success construct. Thus, the null hypothe-
sis Ho-10 1s rejected in favor of Hio.

The defect prevention construct focusses on the quality aspects of agile delivery, in favor of future
functionality (Patel & Ramachandran, 2009a). As discussed previously and highlighted by Highsmith
(2004) and Leppinen (2013), quality, though subjective (Prabhakar, 2008; Serrador & Pinto, 2015) iS
a good indicator of project success. Thus, the observation from this study is aligned with previous
findings.

Furthermore, considered in conjunction with the “Test-Driven Development” construct, which fo-
Cusses on quality, a fairly high inter-item correlation of 0.564 is found, showing that the respondents
consistently associate the focus on quality with perceived project success. However, the defect pre-
vention construct focuses on the sacrificing future functionality in favor of quality activities (Patel &
Ramachandran, 2009a). Given the limitation of this study it is not possible to test whether the ob-
served association holds consistently for all agile roles represented amongst respondents.

Hypothesis 11: Performance management

The responses obtained for this research indicates a statistically significant correlation of 0.626 at a
0.01 (99%) confidence level, between performance management and perceived project success. Thus,
the null hypothesis Ho.11 IS rejected in favor of Hi.

The focus of the performance management construct is customer satisfaction and continuous cus-
tomer involvement (Patel & Ramachandran, 20092) and was found to have the strongest correlation
to perceived project success. Consistent customer involvement in the daily development activities is
repeatedly found to be a critical success factor for successful agile implementations (Tanner & von
Willingh, 2014), which aligns with the findings of this study. The strength of the correlation could be
explained by the distribution of respondents by agile role. There is a high representation of either
business representatives, in the form business representative (10 respondents, 8%), business analyst
(8 respondents, 6%) or line management (19 respondents, 14%), which is further evidenced by the
observed mean of 4.04.

The presence and constant involvement of the customer in successful agile delivery is embedded in
agile principle four “Business people and developers must work together daily throughout the pro-
ject” (Fowler & Highsmith, 2001, p. 35). The obsetrved association between the consistent involve-
ments of the customer with the daily development activities is thus both congruent with the agile
manifesto and previous studies highlighting the importance of customer involvement (Hoda et al.,
2011; Sverrisdottir et al., 2014).
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DISCUSSION OF THE FINDINGS

All the constructs show a statistically significant positive correlation with the construct of perceived
project success. The secondary research questions posed for this research, namely “How are the spe-
cific process areas of the different maturity levels in the AMM associated with perceived project suc-
cess?” is answered diagrammatically by Figure 8.

The only construct observed to have a statistically significant correlation > 0.6 is performance man-
agement, from maturity level five of the AMM. Given that the focus of this construct is on customer
satisfaction (Patel & Ramachandran, 2009a), the undetlying philosophy of agile methods is strongly
observed in the responses. The PerfMan construct in this research specifically focuses on when func-
tionality is accepted as being delivered, stressing all acceptance criteria to have been met as the sole
measure of delivery, aligned with agile principle seven “Working software is the primary measure of
progress” (Fowler & Highsmith, 2001, p. 35). Critical success factor research emphasizes regular de-
livery as a key factor but does not relate it to the satisfaction of the customer (Chow & Cao, 2008).
Performance management is thus observed to be a focus area for practitioners to achieve improved
perceived project success.

The construct found to have the second strongest statistically significant correlation is RM, from ma-
turity level two. This construct specifically focuses on understanding what functionality the customer
wants to be developed within an iteration. Viewed in conjunction with the performance management
construct, it is evident that requirements management shows a statistically significant correlation of
0.456 at a confidence level of 0.01 (99%) with performance management. Thus, practically the ability
to deliver what the customer wants (Performance Management construct) i$ associated with knowing
what the customer wants (Requirements Management construct). This is further confirmed by critical
factor research (Chow & Cao, 2008; Tanner & von Willingh, 2014). The observed correlation is pos-
sibly skewed by the bias in the responses to the Scrum methodology, since requirements manage-
ment in the context of scrum relies heavily on the presence of the customer during development for
clarification of requirements (Baruah, 2015).

Agile Maturity Model

Level 5 - Sustained

Performance Management ~

/

Defect Prevention

'-..“_-3‘11130-535" #

Level 4 - Improved
H=0473%+

Project Management ]

.
He=0.473%+

=0 ?40**\\_* Perceived Project Success
- — -
Sustainable Pace L] 4%

Self Oganising Team — |

Level3 - D.eﬁned | | He=0 s96r——D)] Teams’ Perceived Satisfaction with Deliverables
Test Driven Development /H;=0.2?0* Teams” Perception of Clients Satisfaction with Deliverables
Collaborative Development —-: 104517 Teams’ Perception of End User’s Satisfaction with Deliverables
Regular Delivery — /
H=0.347%
L
Level 2 - Explored // H,=0.555+
Project Planning /40.401“

=T -

Requirement Management |1
Customer Availability

Level 1 — Imitial
Heroic Efforts

Figure 8: Conceptual model showing correlation found between constructs and perceived
project success

The RM is observed to have the strongest statistically significant correlation of 0.504 at a confidence
level of 0.01 (99%), with the Regular Delivery construct (RD), from maturity level three of the AMM.
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Whilst RM focuses on knowing what the customer wants and PerfMan on the satisfaction of the cus-
tomer, RD in the context of this research focused on the capability of this delivery and itself shows a
strong statistically significant correlation with Perceived Project Success (PPS). The observed correla-
tion between RD and PPS is consistent with findings from previous research (Franga et al., 2010).
RD in turn shows the strongest statistically significant correlation with the Customer Availability
construct (CA), from maturity level two of the AMM, which once again has been shown to be a criti-
cal success factor for agile implementations (Tanner & von Willingh, 2014). The observation is
aligned with previous findings which show a strong correlation between customer availability and
project success (Hoda et al., 2011).

The construct found to have the third strongest statistically significant correlation is Self-Organizing
Team (SOT), from maturity level four of the AMM. This observation is consistent with previous
studies which found SOT to be in the top three constructs in terms of strength of correlation to pro-
ject success (Misra et al., 2009). Interestingly in the observed results, SOT shows the strongest statis-
tically significant correlation with the previously mentioned constructs of PerfMan (0.541), CA
(0.540) and RD (0.524) at a confidence level of 0.01 (99%).

The primary research question “How are the different maturity levels of the Agile Maturity Model
(AMM) as proposed by Patel and Ramachandran (20092) associated with perceived project success?”
is answeted by reviewing the results found in Table 14 and depicted in Figure 9. Interestingly all the
maturity levels are found to have statistically significant correlations to the perceived project success
construct. Notably the correlation varies from r = 0.507,p < 0.01 at level two, r = 0.482,p <
0.01 at level three, r = 0.575,p < 0.01 at level four with a peak of r = 0.616,p < 0.01 at maturi-
ty level five, as shown in Figure 10. The solid line depicts the specific correlations found for each of
the levels whilst the dotted line shows the trend observed across the different maturity levels. As ob-
served, besides the decrease in the strength of the correlation at level three, the correlation increases
as the maturity level increases.
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Figure 9: Maturity levels correlation to perceived project success
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Figure 10: Correlation between maturity level and perceived project success

Notably the observed correlation at level three deviates from the overall observed behavior of in-
creasing correlation as maturity levels increase. Howevert, it should be noted that the collaborative
development construct (CD), which forms part of the level three maturity was found to have low
internal consistency and reliability measutes. The decrease in this correlation could thus be influenced
by the reliability of the CD and if it was ignored, the observed correlation would change to a value of
0.570 at a confidence level of 0.01 (99%), which would result in a more linear progression between
the strength of the correlation and the maturity level, as shown in Figure 11.
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Figure 11: Correlation between maturity level and perceived project success when Collabora-
tive Development construct is omitted

The increasing strength in the correlation as well as the higher correlation at maturity level five,
stands in contrast to studies relating CMMI maturity and agile success. This is as expected though,
since these previous studies are in consensus CMMI maturity levels above three are difficult to
achieve without sacrificing agility (Fritzsche & Keil, 2007; F.ukasiewicz & Miler, 2012; Marcal €t al.,
2008; Potter & Sakry, 2009). The results obtained in this study thus both confirm the AMM by Patel
and Ramachandran (20092) and highlight the findings of previous research that the observed behav-
ior of an agile maturity model differs from the traditional maturity levels in the CMMI.
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Thus, in answering the primary research question it is found from the responses obtained, achieving
higher levels of agile maturity in the AMM can be associated with an improved perception of project
success. Since a maturity model describes the evolution of a process over time, with each successive
level of maturity equating to an improvement in the desired outcome (Fontana et al., 2015), the re-
sults of this survey support the AMM as a maturity model for agile implementations.

In providing an answer to the research sub-question: “How are the specific process areas of the dif-
ferent maturity levels in the AMM associated with perceived project success?”, the observation shows
the activities are interspersed across maturity levels two, four and five but show strong correlation
with activities from other maturity levels. The activities in the higher levels of maturity show a reli-
ance on the customer availability construct (CA). Even though CA is found to have a statistically sig-
nificant correlation with PPS, it was found to be one of the weaker correlations amongst respond-
ents.

CONCLUSION

Though the most commonly accepted maturity model, the Capability Maturity Model Integrated
(CMMI) (Leppinen, 2013) has been found to be less compatible with agile methods, particularly at
higher levels of maturity. Given the alignment of agile maturity models with the agile principles it can
be reasonably assumed achieving higher levels of maturity could be associated with an improvement
in the successful delivery of projects. This research was specifically conducted to ascertain whether
an association exists between the maturity levels of the Agile Maturity Model (AMM) (Patel & Rama-
chandran, 2009a) and the Perceived Project Success (Serrador & Pinto, 2015).

The sixty-nine responses were analyzed using correlation analysis and found to strongly align with
prior research focusing on critical success factors for agile implementations. The strongest correla-
tions are found between Performance Management (0.626), Requirements Management (0.559) and
Self-Organizing Teams (0.540). Interestingly these activities occur at different maturity levels within
the AMM but all the element of either customer involvement and/or collaboration with the custom-
er embedded.

The data analysis found varying statistically significant positive correlation exists between maturity
levels and perceived project success. The strongest correlation was found at the highest maturity lev-
el, with relatively weaker correlation at the lower levels of maturity. It can thus be concluded that a
higher level of maturity in the AMM is positively associated with perceived project success. The con-
tribution from this research is the validation of the conceptual model relating the activities and ma-
turity levels of the AMM as the independent variables to the dependent variable of perceived project
success. For practitioners, the study has practical implications in systematically identifying the critical
agile activities, such as the use of story cards, continuous delivery and the presence of a knowledgea-
ble customer to improve perceived project success. With the activities arranged in a proper maturity
model the results of this study can guide practitioners as to the order in which activities should be
introduced into an environment.

The primary limitation of the research is the bias towards more technical roles within an agile team,
with the majority of the respondents from a development role with a limited number of respondents
indicating themselves to be business representatives. A further limitation is the limited number of
responses obtained. With sixty-nine valid responses, the possible statistical analysis is limited and
does not offer the researcher the opportunity to, for example, segment the responses by agile role or
find moderating variables, such as industry or experience, within the responses.

To address some of the limitations mentioned it would be useful to perform this study, using the
same conceptual model as a basis for a qualitative study. This would allow the researcher the oppor-
tunity to strictly define the population as well as obtaining input from the technical and business rep-
resentatives from the same agile teams. Additionally, this would allow the researcher to provide com-
parisons on whether the perception of project success is consistent between the technical and busi-
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ness team members. Finally, the agile maturity model selected for this research is one of a number
currently under discussion in literature. It would be possible 10 re-use the conceptual model used in
this research and substitute a different agile maturity model, to determine if similar results will be
obtained.
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ABSTRACT
Aim/Purpose To examine crowd-sourced programming as an experiential learning, instruc-

tional medium. The goal is to provide real-time, real-world, artificial intelli-
gence programming without textbook instructional materials.

Background Open source softwate has resulted in loosely knit communities of global
software developers that work together on a software project. Taking open
source software development to another level, current trends have expanded
into crowd sourced development of Artificial Intelligence (Al). This project
explored the use of Amazon Alexa’s tools and web resources to learn Al
software development.

Methodology This project incorporated experiential and inquiry educational methods that
combined direct experience with crowd-sourced programming while requir-
ing students to take risks, solve problems, be creative, make mistakes and re-
solve them. The instructor facilitated the learning experience through weekly
meetings and structured reports that focused on goal setting and analysis of
problems. This project is part of ongoing research into small group creative
works research that provides students with real-world coding experience.

Contribution Undergraduate students successfully programmed an introductory level social
bot using experiential learning methods and a crowd-sourced programming
project (Amazon Alexa social bot).

Findings A summary of the experience and findings will be included with final paper
release

Recommendations  Crowd sourced programming provides opportunities and can be harnessed
for Practitioners for semester long coding projects to develop student programming skills
through direct involvement in real open sourced projects.
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Keywords

OVERVIEW

There is a high rate of failure associated with software projects, yet program-
ming courses continue to be taught as they have been for decades. More re-
search needs to be done and instructional materials developed for the under-
graduate level that use real programming projects.

Can we improve the rate of success for software projects by requiring experi-
ential education in our courses?

Crowd-sourced programming is an opportunity for students to learn to pro-
gram and build their portfolio with real world experience. Students participat-
ing in crowd-sourced programming are involved in creative works research
and gain experience developing real-world software.

Future research will explore experiential learning such as crowd-sourced and
other open source programming opportunities for undergraduate students to
participate in real software development.

crowd-sourced programming, artificial intelligence, software development,
programming, expetiential learning, inquiry education, mob programming, ar-
tificial intelligence

This paper examines crowd sourced programming as an experiential instruction methodology, fol-
lowing the educational experiences of undergraduates learning artificial intelligence programming
through use of publicly available resources primarily developed through Amazon’s crowd sourced
Alexa Prize social bot challenge. Students reported weekly following a structured report format that
guided them through the real programming project (learning to code an Al social bot). Weekly analy-
sis and discussion covered goal setting, trouble-shooting/problem solving, resoutce analysis, coding
techniques and terminology.
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ABSTRACT

Aim/Purpose In this paper the authors explore and analyse the literature to determine the
common reasons why a student may choose to plagiarise. The predominant
purpose of the research formed part of a larger study to develop metrics and
methods to identify potential plagiarism within coding-based assignments.

Methodology A systematic literature review with the objective to identify and rank the most
common reasons for plagiarism was conducted. This was achieved by identify-
ing primary studies conducted on the reasons for plagiarism. The identified
studies were subsequently subjected to a top down quality assessment with a
number of criteria. In total, 37 studies made it through the selection process.
The results of the selected studies were synthesized to obtain a ranked list of
reasons why students plagiarise.

Contribution This paper contributes a ranked list of reasons that may influence a student’s
decision to plagiarise, based on a set of categories emerging from the literature.

Findings Eleven possible categories indicating the common reasons behind a student’s
decision to plagiarise are identified. The literature revealed that aspects such as
the external values of the student and attitudes towards academia and teaching
styles are significant factors that impact a student’s willingness and decision to
plagiarise.

Impact on Society  Instructors may gain a better understanding on why their students decided to
plagiarise.
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INTRODUCTION

The predominant characteristic of the information age is the large scale “computerisation of infor-
mation” (Carr, 2006). As a direct result of the technological advances brought about by what has
generally become known as ‘the information age’, the way students acquite knowledge has either
changed or is already changing to some degree. Aasheim et al. (2012) hypothesized that students have
different perceptions about what constituteS academically dishonest activities and behaviour in rela-
tion to programming assignments, aS OPposed to assignments involving maths and essays.

The Internet is the main advancement of the information age and thus had a significant impact on
education. The increased rapid access to information does bring some advantages, but academics are
increasingly worrying about the effect this is having on students plagiarizing (Austin & Brown, 1999;
M. Jones & Sheridan, 2014).

Helgesson and Erikson (2015) define plagiarism as: “using someone else’s intellectual product (such
as texts, ideas, or results), thereby implying that it is their own.” It is pointed out that using the intel-
lectual product of another without proper attribution may happen intentionally or sometimes unin-
tentionally (Das & Panjabi, 2011).

RESEARCH PROBLEM

An academic institution may use proactive plagiarism prevention methods to try and discourage pla-
glarism from taking place. The institution may also choose to use a reactive method like plagiarism
detection combined with disciplinary action to limit future plagiarism. Both proactive and reactive
approaches and their respective techniques applied to prevent or detect plagiarism, present problems
that need to be examined and addressed (Ganguly et al., 2018; Haskins & Pieterse, 2016; Louw &
Pieterse, 2015; Portillo-Dominguez et al., 2017).

Reactive plagiarism prevention measures do not show why a student may have plagiarised work.
After submission the instructor will make the final determination on whether a student plagiarised
code by analysing the metrics produced by the plagiarism detection engine. A ‘metric’ is described as
a rule that can convert a document into a numeric value for representing similarity when compared
to other documents (Lancaster & Culwin, 2004). When the instructor reviews the metrics, the focus
is often only 0N finding cases where definite plagiarism has occurred. With metrics from traditional
detection engines the instructor cannot determine why the student chose to plagiarise in the first
place.

According to Devlin and Gray (2007) the only way for the instructor to determine the reason for
plagiarism occurring is to conduct detailed interviews with the students. Because there is no timeline
of how the student constructed the body of work, any direct evidence that the student tried to con-
ceal when plagiarising the assignment is also lost.

With the above in mind it was possible to distil the multitude of problems as follows into one single
problem statement: “General plagiarism detection engines give no clue about why the student plagia-
rised and do not add any value to teaching and learning education.” To investigate the problem, the
researchers set two main objectives. The first of these objectives is presented as part of this paper.
The result from investigating the first objective will be used to investigate the second objective in
later research work.
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RESEARCH QUESTION AND OBJECTIVES

When embarking with a research project, the researcher formulates and classifies the research ques-
tion as the first step to selecting the correct research design (Easterbrook et al., 2008).

The research question to be addressed was formulated as follows:

How can a real-time plagiarism detection engine be designed to produce metrics that can assist in plagiarism detec-
tion and support student education on plagiarism?

Two different types of research question classifications often found in research are exploration and
design type questions. It was identified by the researchers that the above research question can be
classified to belong to both areas. The first area IS of an exploratory nature with the second one being
of type design. These areas respectively entail the following:

* The exploratory question can be answered by investigating different aspects connected to
plagiarism and using the conclusions from this, to later identify metrics that can be used in
real-time plagiarism detection.

® The design question relies on the conclusions reached from investigating the exploratory
questions to start the design process. This especially focuses on what metrics a real-time pla-
giarism detection engine needs to generate. It then asks how one would design such an en-
gine to make full use of these metrics.

Both areas referred to above are represented in the research question. Therefore, the choice fell on
the application of a mixed method research approach. The mixed method approach allowed for the
most applicable methodology to be used to answer each question area. Consequently, the mixed
method approach applied here consisted of a systematic literature review to explore, identify, and
apply a design science effort to design.

This paper presentS the exploratory area of the mixed method approach in the form of a systematic
literature review with the objective to identify and rank the most common reasons for plagiarism. It
is hoped that the results of reaching this objective can provide a theoretical base to build on during
the design science process for objective two to follow as part of a later research effort.

METHODOLOGY

In general a literature review is defined as “the analysis, critical evaluation and synthesis of existing
knowledge relevant to your research problem, thesis or the issue that you are aiming to say some-
thing about” (C. Hart, 2018, pp. 3-4). Viewed from the perspective of function, Ridley (2012, p. 5)
identifies three types of literature reviews, namely, the traditional review, the standalone review, and
the systematic evidence-based review. The traditional review serve$ as the starting point of some
primary research. The standalone review CONSists only of a literature review and its resulting insights.
The systematic evidence-based review comprises an overview of all the available primary research
studies from a particular field.

Cronin et al. (2008) explain that the traditional literature review will provide the reader with thorough
background information and point out new research developments on the research topic. The focus
will be broad, covering both the topic and related material. Both Ridley (2012) and Cronin et al.
(2008) clearly distinguish between a traditional review and a systematic (evidence-based) review.

As stated by Cronin et al. (2008), unlike traditional narrative literature reviews, the systematic review
needs to be more structured, delineated, and follow a step by step approach that can be explained
and validated. Briner and Deyner (2012) and Briner et al. (2009) argue that a traditional literature
review differs from a systematic review in five distinct ways. Firstly, the question that a systematic
review is going to address is well defined and answerable. Secondly, the question under review is
constructed and investigated from the perspective of many stakeholders. Thirdly, the literature re-
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viewed comes from an extensive search into not only published, but also unpublished work. Fourth-
ly, to ensure that bias to the researchet’s own opinion is eliminated, the critetia for work to be in-
cluded in the study is determined at the statt of the study. Finally, the results from a systematic re-
view are presented in such a manner that other researcherS can validate the finding$ for themselves.

Although a systematic review does not provide direct answers, it will give the most accurate depiction
of the question under review (Briner et al., 2009). The advantage of a systematic review is that bias is
less likely. Another advantage is that the researcher can base results on many different methodologies
and approaches used in the primary research. Because a systematic review combine$ the results from
different studies, it is easier to detect smaller effects not immediately evident in the original individual
studies (Kitchenham & Charters, 2007).

When analysing the different approaches to conducting a good quality systematic literature review,
there are some interpretation and execution differences (Alderson et al., 2004; D. Evans & Pearson,
2001; Khan et al., 2003; Kitchenham & Charters, 2007; Okoli & Schabram, 2010). Yet, a pattern
emerges that shows some agreement on the different steps to be followed. A well-defined question
and problem should be the starting point for the systematic review. Using the question and problem
as a framework, an initial literature search may then proceed. The studies identified during the initial
literature search, should firstly be assessed for quality and then collectively synthesised. This is fol-
lowed by discussing the synthesised results in the research report.

By combining different elements form the work of Khan et al. (2003), Alderson et al. (2004), Kitch-
enham and Charters (2007), Okoli and Schabram (2010) and D. Evans and Pearson (2001) a sequen-
tial approach to conducting a systematic literature review was constructed consisting of the six Se-
quential steps indicated in Figure 1.

Input Processing Output
1. Frame problem and the 3. Assess the quality of the studies . )
: . . eleaiiEed 6. Compile a research report
question to establish review 1dentified.
putpose. 4. Summarise (Synthesise) the
2. Identify and seatrch for selected studies.
relevant studies. 5. Interpret the findings
Refinement of the search Refinement of the
terms and qualifying keywords synthesised results

Figure 1: Sequential steps to conduct systematic literature review

In moving forward with this research, the results from conducting steps two through five are pre-
sented. By discussing the research problem, research questions and objectives eatlier, the purpose of
the systematic review IS clarified. Thus, in executing the first step in the systematic review stated as t0
frame the problem and the question to establish the review purpose, the purpose of the review IS
described as to identify why students choose to plagiarise, and subsequently to develop metrics sub-
stantiated, grounded, and validated from the literature that would align with these reasons. This was
followed by the next step, namely, to search and identify studies for inclusion in the systematic litera-
ture review.

IDENTIFYING AND SEARCHING RELEVANT STUDIES

With a clear purpose established for the systematic review, the second step in the process was to
identify existing studies to the included. The purpose of this step was not to judge the quality or ana-
lyse any of the identified studies, but rather to create a reproducible search protocol. Initially a very
broad search was conducted, and the results were analysed to construct a number of search terms.
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The search terms were then used to search different academic databases for specific applicable litera-
ture.

THE INITIAL SEARCH

The goal of the initial search was to discover and identify search phrases and keywords that were to
be used in the later detailed search of academic databases. The starting point of this initial discovery
search was Google Scholar. The specific search parameters used for the initial Google Scholar search
were to exclude patents while including citations. The date filter was set to anytime and the results
were sorted by relevance. An initial search was conducted with the search phrase “why do students
plagiarise” using the search parameters mentioned above. This initial search yielded a total of 19,400
results. To further refine and to discover more search terms and keywords, the abstracts of the first
50 results were reviewed and analysed. From this analysis additional search terms and keywords were
derived.

KEYWORD AND SEARCH TERM ANALYSIS

Additional keywords identified from the initial search included ‘perception’, ‘qualitative’, ‘analysis’,
‘interview’, ‘empirical’, ‘understanding’, ‘questionnaire’, ‘intervention’, ‘cheating’, ‘discussion groups’,
‘cultural values’, ‘view’, ‘reasons’, and ‘survey’. The search terms shown in Figure 2 were developed to
place these keywords into context:

El]j Qualifying keyword

@ Plagiarism / Cheating '=||]=' [qualitative] analysis.

[perception].
> finterview].

[empirical] data.
[undetstanding].
[questionnaire].
[intervention)].
[discussion groups]
and [cultural values].
[survey].

@ Why do students [cheat] / plagiarise.
@ [View] on plagiatism / cheating,
@ [Reasons] for plagiarising / cheating

Figure 2: Search terms and qualifying keywords

The newly identified keywords and search phrases were subsequently used to search three academic
databases.

SEARCHING ACADEMIC DATABASES

In total, three academic databases/search engines/digital libraries were searched by using the identi-
fied search phrases. Although it is technically correct to use the phrase ‘search engine’, for Google
Scholar, ‘digital library’ for EBSCOhost, and ‘database’ for Sabinet African Journals, for the sake of
brevity, they will collectively be referred to as ‘databases’ in this document. Google Scholar and EB-
SCOhost were selected due to their multidisciplinary nature and large collections of journal articles
and conference proceedings. To get the African perspective, Sabinet African Journals was included in
the search effort as, according to the database maintainers, “This service is the most comprehensive,
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searchable collection of full-text African electronic journals available on one platform which focuses
on information originating from or pertaining to Africa” (Mitchell, n.d.).

When available in the search parameters (settings) Patents, books, pamphlets, citations, and similar
content were excluded. In all cases the search results were limited to content published after and
including the year 1995. The only source that specifically mandated that individual databases be spec-
ified before searching was EBSCOhost. In this case most databases were excluded due to them not
being relevant (example American Doctoral Dissertations, 1933 - 1955). The relevant internal data-
bases that were selected in EBSCOhost were Academic Search Premier, CAB Abstracts, and Library,
Information Science & Technology Abstracts. For most databases, the full text option was selected
and, if available, it was indicated that only peer reviewed or peer accredited publications should be
returned. Where possible, the results were limited to English and sorted by relevance as determined
by the database.

Using the search parameters, each database was searched with the search terms identified. Table 1
shows the total amount of results returned for each search term by each of the databases searched.
The search order was EBSCOhost, Sabinet African Journals, and finally Google Scholar. With
Google Scholar and Sabinet African Journals it was possible to use the original search term using free
text search. EBSCOhost returned more relevant results if a Boolean search was used. For this reason,
the original search term was modified and converted to a Boolean format where necessary. Both
Google Scholar and EBSCOhost returned at least one unique paper for every search term. Sabinet
African Journals returned unique papers for the first five search terms, but it was clear that the re-
source was exhausted by search term six as no further unique results were returned.

Table 1: Search results from academic databases

Original Modified for Academic data- Results returned Unique Pa- Tag Code
Search search require- base pers Import-
Term ments ed
Plagiarism (Plagiarism OR Sabinet African 18 8 SABNEI1
Cheating Cheating) AND Journals
qualitative qualitative analysis
analysis Ebscohost 50 18 EBSI1
Google Scholar 6230 16 SCOL1
Plagiarism (Plagiarism OR Sabinet African 25 6 SABNE2
Cheating Cheating) AND Journals
erceptions erceptions
percep percep Ebscohost 276 30 EBS2
Google Scholar 15100 29 SCOL2
Plagiarism (Plagiarism OR Sabinet African 15 2 SABNE3
Cheating Cheating) AND Journals
interviews interviews
Ebscohost 68 9 EBS3
Google Scholar 11900 23 SCOL3
Plagiarism (Plagiarism OR Sabinet African 15 2 SABNE4
Cheating Cheating) AND Journals
empirical data empirical data Ebsconost 3 2 EBSA
Google Scholar 7380 19 SCOL4
Plagiarism Plagiarism OR Sabinet African 43 1 SABNE5
Cheating Cheating) AND Journals
understand- understanding
ing Ebscohost 155 22 EBS5
Google Scholar 16500 13 SCOL5
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Original Modified for Academic data- Results returned Unique Pa- Tag Code
Search search require- base pers Import-
Term ments ed
Plagiarism Plagiarism OR Sabinet African 23 0 -
Cheating Cheating) AND Journals
questionnaire questionnaire
Ebscohost 110 29 EBS6
Google Scholar 15500 12 SCOL6
Plagiarism (Plagiarism OR Sabinet African 10 0 -
Cheating Cheating) AND Journals
Intervention Intervention
Ebscohost 56 9 EBS7
Google Scholar 8030 19 SCOL7
Why do (Plagiarism OR Sabinet African 30 0 -
students Cheating) AND Journals
heat plagia- hy
¢ Carigeag ‘ v Ebscohost 69 14 EBS8
Google Scholar 16000 6 SCOL8
Plagiarism (Plagiarism OR Sabinet African 31 0 -
Cheating Cheating) AND Journals
discussion discussion groups bscon
aroups Ebscohost 25 4 EBS9
Google Scholar 16700 9 SCOL9Y
Plagiarism (Plagiarism OR Sabinet African 31 0 -
Cheating and Cheating) AND Journals
cultural cultural values bscon
values Ebscohost 21 1 EBS10
Google Scholar 14300 23 SCOL10
View on (Plagiarism OR Sabinet African 38 0 -
plagiarism Cheating) AND Journals
cheating views
Ebscohost 103 13 EBS11
Google Scholar 13400 19 SCOL11
Reasons for (Plagiarism OR Sabinet African 44 0 -
plagiarising Cheating) AND Journals
cheating reasons
Ebscohost 100 19 EBS12
Google Scholar 1980 58 SCOL12
Plagiarism (Plagiarism OR Sabinet African 21 0 -
cheating Cheating) AND Journals
survey survey
Ebscohost 151 18 EBS13
Google Scholar 14400 19 SCOL13

To avoid adding duplicate papers from multiple sources, each paper identified was assigned a unique
tag code. This tag code indicated where the paper was first found and with what search term it was
found. This tagging process was managed by the Paperpile reference manager

(https:/ /paperpile.com/). Once a paper was tagged and imported, the paper was not imported a
second time if that paper was previously found in a different source or with a different search term.

For each search term the titles for the first fifty results were evaluated for possible inclusion. This
initial evaluation was based on the title and in the case of some sources a small snippet of text pre-
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sented with the title. The evaluation protocol at this stage was not strict as the goal was to obtain as
many relevant papers as possible. Searching the academic databases resulted in finding many initial
papers that needed to be reviewed and subjected to a final thorough selection process as part of a
quality assessment.

QUALITY ASSESSMENT AND SELECTING STUDIES

The thitrd step in the systematic review process is to scrutinise all studies found (the corpus) when
searching the different academic databases. Each study was subjected t0 @ defined criterion for inclu-
sion or exclusion. In this case the criteria for including or excluding literature were created and ap-
plied by a single researcher. This avoided a common problem as explained by Mallett et al. (2012) and
Dhillon and Gill (2014) that in large research teams, the criteria may be interpreted differently by
each member evaluating the research corpus. The abstracts for all papers identified in the academic
databases using the search terms, were reviewed according to the criteria in Figure 3. If an abstract
did not provide the required information, the full text was reviewed. In almost all cases it was neces-
sary to evaluate the methodology section.

|| All papers identified

* Is the full text paper available to the researcher?

Criterion 1

| (EXCLD5)

. 1 ?
e | = Does the paper represent a primary study:

| ExcLp1)

* Is the paper at least related in some way to the question under
Citeion3 | investigation?

(EXCLD3)

. 1 r { v { 1 Pl
caoiona | ¢ Is the paper specifically related to the question under investigation:
(EXCLD?)

* Does the study described by the paper use appropriate research
Citeion5  methods and was the work peer reviewed?

(EXCLD4)

Selected Papers ||

Figure 3: Selection criteria applied to papers for inclusion in the study

The criteria applied for each paper was subjected to a top down approach. If the paper made it
through all the selection criteria, it was included in the study. In total, each paper was subjected to
five criteria that could disqualify a paper for inclusion. Four of the criteria were based on quality, with
one criterion based on accessibility. Each paper that was disqualified was assigned a unique tag code
in the Paperpile reference manager for future reference. Table 2 contains detailed reasons that would
have excluded a paper categorised according to the exclusion tag code.

The first criterion (EXCLD1) that could exclude a paper was one of accessibility. The full text for
some papers identified was not accessible. Every effort was made to obtain these papers through
official channels.
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Table 2: Reasons for excluding paper from study

Code Reason
EXCLD1 * Full paper not available
EXCLD2 e Study not related to broad research topic of plagiarism.
EXCLD3 * Not primaty study.

@ Review previous literature to determine other implications or synthesising studies by
means of meta-analysis.

@ Views based on previous studies or new insights, arguments or models by reinterpret-
ing previous primary studies.

@ Introducing, defining and explaining concepts based on previous primary studies.

@ Determinations made on why students plagiarized, based on other topics under inves-
tigation (thus not from primary data but rather an effect obsetrved).

@ Applying new concepts, arguments to an existing model or framework and drawing
new conclusions.

@ Making arguments, recommending some action or defining new methods to deal with
plagiarism, based on anecdotal, personal or institutional experience.

@ Making arguments or recommending some action or way forward based on reviewing
literature.

EXCLD4 *  Research study not aligned with question under investigation.

@ Investigating the impact of educating students, providing policy statements, honour
codes, or using plagiarism detection tools on academic dishonesty.

@ Paper investigates types of plagiatism, general perceptions of plagiarism, general cheat-
ing behaviour or cheating behaviour in different learning environments, with very little
or no focus on why students plagiarise.

@ Evaluating a specific plagiarism prevention system or technique or some plagiarism
prevention system or technique to support plagiarism education or to investigate the
impact on students.

@ Retroactively scanning students or journal content for plagiarism prevalence and re-
porting on results.

@ Reporting on very narrow and specific cheating scenarios or factors.

o Seek to establish a link between individual traits, personality, ethical matters, cheating
behaviour or moral reasoning and a cheating plagiarism in general.

@ Exploring the relation between participating in academic dishonesty and later unethical
behaviour or as future indicator in professional practice.

@ Identifies what students or academic staff regard as plagiarism and grades the serious-
ness of the perceived plagiarism, tests the student knowledge of plagiarism before or
after plagiarism/cheating education.

@ Explores the response from academic staff to plagiarism including general awareness of
policies and other holistic prevention efforts.

@ Study exploring statistical methodologies using plagiarism as an example.

EXCLD5 e Study used questionable research methods or research methods that produce data not easily
interpreted.

*  Study used extremely small population size.

e Data not presented fully or only presented in a condensed form, thus not allowing reinter-
pretation.

e Joutnal or confetence paper of questionable quality.
*  Research not subjected to peer review, working papers, white papers, newspaper articles etc.

The second criterion (EXCLDZ2) was to establish if the paper under review was in some way related
to the broad topic under investigation. This criterion did not serve to limit results relating to the
question under investigation (why students plagiarise) but rather filtered out papers that were in no
way related to the broad topic of plagiarism and cheating. As the initial list of papers up for selection
was added with the goal to review as many papers as possible and the keywords selected for the
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search were rather broad, some papers initially selected in the first round were later found not to be
related to the general topic.

The third criterion (EXCLD3) checked if the paper was a primary study. Systematic reviews rely on
the summation of primary studies. Many papers identified and subsequently excluded, contained
views based on previous studies or arrived at new insights, made new arguments, or constructed
models by reinterpreting previous primary studies (Austin & Brown, 1999; Flowerdew & Li, 2007; M.
Hart & Friesner, 2004; Howard, 1995; McCabe et al., 2001; Valentine, 2006; Whitley, 1998). Papers
were also found to make arguments, recommend some action, or define new methods to deal with
plagiarism based on anecdotal, personal or institutional experience (Bachore, 2015; Briggs, 2003;
Conradson & Hernandez-Ramos, 2004; Gerhardt, 2006; Harris, 2002; Howell et al., 2009; Kiehl,
20006; McCabe & Stephens, 2006; McDowell & Brown, 2001; Rowe, 2004; Scanlan, 2006; Thomas &
Sassi, 2011; Vaka'uta, 2008). Once a paper was found to be based on primary data the fourth criteri-
on was applied.

The fourth criterion (EXCLD4) focussed on refining the remaining papers and selecting only those
closely related to the question under investigation. With this criterion the goal was to exclude studies
that were NOt specifically reporting either in full or as a component part on reasons for plagiarism.

Papers found not suitable investigated types of plagiarism, general perceptions of plagiarism, general
cheating behaviour, OF cheating behaviour in different learning environments, with little or no focus
on why students plagiarise (Baruchson-Arbib & Yaari, 2004; Grijalva et al., 2006; Lim & See, 2001;
Marshall & Garry, 2005, 2006; Pecorari, 2003; Scanlon & Neumann, 2002; Sheard & Dick, 2011).

Papers would investigate a specific plagiarism prevention system, technique, or tool, including hon-
our codes or using policy statements to support plagiarism education, or to investigate the impact of
plagiarism prevention activities on students (Betts et al., 2012; Bing et al., 2012; Bretag et al., 2014,
Chao et al., 2009; R. Evans, 2006; Graham-Matheson & Starr, 2013; LaSalle, 2009; Ledwith & Ri-
squez, 2008; Stapleton, 2012; Sutherland-Smith, 2005). Some papers also evaluated plagiarism educa-
tion activities by testing students’ knowledge of plagiarism before or after educating students on pla-
glarism or academic cheating (Belter & du Pré, 2009; Ercegovac, 2005; Roig, 2001; Smedley et al.,
2015; Yeo, 2007).

Other papers focussed on the psychology of academic dishonesty. The goal here was to establish a
link between individual traits, personality, ethical matters, cheating behaviour, or moral reasoning and
cheating or plagiarism in general (Clegg & Flint, 2006; Coyne & Thomas, 2008; East, 2009; Etter et
al., 20006; Ferrari, 2005; Jackson et al., 2002; Thorpe et al., 1999; Williams et al., 2010). Somewhat
related papers were also found that explored the relation between academic dishonesty and later un-
ethical behaviour or, inversely, current academic dishonesty as a future indicator of unethical behav-
iour in professional practice (Lawson, 2004; Martin, 2005; Mirshekary & Lawrence, 2009). Papers
were not only focussed on students, but also dealt with staff by investigating the response from aca-
demic staff to plagiarism, including generally their awareness of policies and other holistic prevention
efforts in the academic institution (Coren, 2011; Macdonald & Carroll, 2006; Parameswaran & Devi,
2006; Willen, 2004).

In applying the fifth criterion (EXCLD5), the remaining papers not excluded by the first four criteria,
were subjected to a final thorough check focusing on the methodology applied and the quality of the
publication that contained the paper. In this regard, although this does not necessarily reflect on the
final conclusion reached, studies using an extremely small population size were excluded (Bamford &
Sergiou, 2005; Li & Casanave, 2012; Love & Simmons, 1998). Studies were also found that did not
present the data gathered fully or only presented gathered data in a condensed form, thus not allow-
ing reinterpretation (Flint, 2005; Ma et al., 2007; Pupovac et al., 2008; Sutherland-Smith, 2005). Such
studies were also excluded. Finally, all papers were excluded that were not subjected to peer review
(Hayes, 2003; Slobogin, 2002).

168



Hattingh, Buitendag, & Lall

By assessing the papers initially identified according to the five-exclusion Criteria a large number of
studies was excluded from the final two steps of the systematic review.

SUMMARY AND SYNTHESIS OF THE SELECTED STUDIES

In selecting the studies to be used in this research, a total of 37 studies made it through the selection
process and were further investigated for the purpose of synthesis and summary as part of step 4 in
the systematic literature review process. When and where the data were collected, and the sample size
for each study was summarized to indicate the study year distribution, the representation level of
different geographical areas, and average sample size.

SUMMARY OF SELECTED STUDIES

If it was not specifically stated in a paper during which year the data were collected, the paper publi-
cation year was used. For the most part, Figure 4 shows that the selected papers were distributed
evenly over the years of the study search limit of between 1995 and 2015. Most papers used (29) were
published between 2010 and 2015.
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Figure 4: Study publication date distributed

In most cases each paper identified the country where the data were gathered. If this was not the
case, like with Yardley et al. (2009), the country was coded as the country in which the first author’s
institution was located. In total the selected papers gathered data from 25 countries.

The United States was the most represented single country from which data were collected with five
studies, followed by Australia (3) and South Africa (3). Europe (Including the UK) was well repre-
sented with 24 studies, followed by the Far East with three studies. The large number of studies from

Europe was due to the project Impact of Policies for Plagiarism in Higher Education Across Europe
(IPPHEAE).

Partly funded by the European Union under the Erasmus Lifelong Learning Programme, IPPHEAE
set out to “compare and evaluate the different approaches to plagiatism and academic misconduct”
between twenty-seven EU countries (IPPHEAE, 2013). In total IPPHEAE (2013) produced twenty-
seven reports, each focusing on a single EU country. Of the 27 reports, those from the Netherlands,
Belgium, Hungary, Italy, Latvia, Denmark, Luxembourg, and Sweden were not included due to a low
response rate (Demoliou, 2013; Glendinning, 2014; Glendinning et al., 2013a, 2013c, 2013d;
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Glendinning & Orim, 2015; J6zwik et al., 2013; Stabingis et al., 2014). As far as Africa is concerned,
other than papers from South Africa, only papers from Botswana and Zambia were evaluated.

In almost all the cases data were collected, aggregated, and summarised by means of a survey. The
only exception being the paper by Dot (2014), who in the authot’s own words used an exploratory
investigation that asked students to write a short opinion essay on why they plagiarise. The opinion
essay was then subsequently analysed for the reasons provided.

Sample size

Study number

Figure 5: Sample size across all selected studies

The total sample size across all studies for all students, were eight thousand three hundred and sixty-
four respondents with a mean sample size of two hundred and twenty per study (SD=189). The big-
gest sample as depicted in Figure 5, was that of E.-]. Park et al. (2013) (n=655), while the study with

the smallest sample overall was the one from Mooko and Robinson (1999) (n=19). Mooko and Rob-
inson (1999) sampled exclusively from university faculty members in their survey. The study with the
smallest sample of student responses was that of Doré (2014) (n=25). All studies, except the one of

Mooko and Robinson (1999), sampled either students exclusively or both students and faculty mem-
bers. The only other exception was the reports produced as part of the Impact of Policies for Plagia-
rism in the Higher Education Across Europe (IPPHEAE) project that included responses from uni-

versity students, faculty members, organisations, and institutions. The results from organizations and
institutions were not included in the summary presented here. The data gathered by each study were

further extracted and evaluated.

SYNTHESIS OF COLLECTED DATA

For each paper evaluated two sets of results were extracted if available. The first set of results con-
tained the ranked reasons that may lead to plagiarism according to students. The second set of results
listed the ranked reasons that may lead to plagiarism according to faculty members. All but one paper
presented reasons for plagiarism according to students. Seventeen studies presented both the stu-
dents and faculty members’ reasons.

In keeping with the purpose of the systematic review, to identify why students choose to plagiarise
and develop metrics that will align with these reasons, in going forward with the current research,
only the reasons for plagiarising from the students’ perspective were synthesised. This disqualified
the paper by Mooko and Robinson (1999) from this phase of the review.
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To synthesize and interpret the data in the selected papers, the different reasons presented by each
paper needed to be categorized to find commonality for comparison.

Categorization and coding of different reasons for plagiarism

As the studies under review not part of the IPPHEAE project used different terminology to describe
reasons for plagiarism, it was decided to code and categorise the ranked reasons for plagiarism as
presented by each study into a predefined category and then average the position of the category
across the different studies.

A typology of plagiarism reasons fine grained enough to accommodate the vatious reasons presented
by the different papers evaluated in this systematic review, was presented by C. Park (2003) after
reviewing the work of Stevens and Stevens, Davis et al., and Straw. C. Park (2003) presented nine
possible reasons for plagiarism, namely, a genuine lack of understanding, efficiency gain, bad time
management, personal values or attitudes, defiance, students’ attitudes towatds teachers and class,
denial or neutralisation, temptation and opportunity and lack of deterrence. It was deemed necessary
by the authors of this work to add an additional two categories to the original nine to accommodate
the wide variety of reasons presented in the papers under review. The additional categories are ‘aca-
demic difficulties’ and ‘external values/attitudes. Consequently, for the purpose of this research, the
different reasons for students plagiarising collected from the studies under review was coded and
categorised as follows.

R-GLU: Genuine lack of understanding. Students may plagiarise because of a lack of understand-
ing or knowledge of the matter at hand or by accident. Ignorance, a lack of proper referencing skills,
and unfamiliarity about the ethical considerations applied in research, may also play a role.

Examples of reasons reported in the studies under review subsequently coded as R-GLU, include
“Ignorance/inadequate referencing skills” (Dawson, 2004) and “I'm not sure what plagiarism
means/I didn’t realize I had plagiarized” (Kwong et al., 2010).

R-EG: Efficiency gain. The economy of effort plays a role in this category. Students may plagiarise
to get a better grade more quickly. They may also want to save and reduce their workload by plagia-
tising or attempting to use plagiarism to make the assignment easier, thereby improving their grades.
A student may furthermore be retaking a prescribed class or course and may just want to pass it with
little regard to learning from the content. In addition, efficiency gain may be linked to the future
expected monetary reward that students believe comes with a obtaining a higher-grade average.

Examples of reasons reported in the studies under review subsequently coded as R-EG, include
“Want to get a better job in the future” (E.-]. Park et al., 2013) and “To increase the mark” (Frank-
lyn-Stokes & Newstead, 1995).

R-BTM: Bad time management. Plagiarism also occurs because of time pressures. Turning to
plagiarism due to a lack of time could be a result of the student taking too many classes, extra-
curricular activities, or working a part-time job. Sometimes students would try to complete the as-
signment but find that their time is running out, or that the assignment due date coincides with that
of other assignments. Students could therefore turn to plagiarism. Losing time because of laziness or
procrastination is an additional time management factor that could lead to plagiarism.

Examples of reasons reported in the studies under review subsequently coded as R-BTM, include
“Laziness or bad time management” (Wilkinson, 2009) and *The limited time they have to study”
(Theart & Smit, 2012).

R-PVA: Personal values/attitudes. Plagiarism could also take place because of personal crises,

circumstances, values, or attitudes. Students may plagiarise due to a fear of failure or conversely be-
cause they regard plagiarising as a challenge with the associated satisfaction that can be gained if not
caught. Some students may furthermore believe that it is not unethical to plagiarise. Self-confidence

171



Most Common Reasons for Plagiarism

or a lack of it may also play a role as students may believe their own writing is not good enough to
meet the demands.

Examples of reasons reported in the studies under review subsequently coded as R-PVA, include
“Wanted to see if would get caught plagiatizing” (Vogts, 2009) and “Fear of failure” (Dawson, 2004).

R-D: Defiance. Defiance towards accepted institutional procedures or social rules regarding plagia-
rism or a complete lack of self-motivation may lead to plagiarism taking place. In turning to plagia-
rism, students may show a lack of respect for authority or attempt to rebel against authority. They
may also show defiance in how they regard the importance or the value of the work they are required
to complete. A disinterest in the task or a negative attitude towards assignments and tests may also
play a role.

Examples of reasons reported in the studies under review subsequently coded as R-D, include “Felt
the assignment was of no educational value” (Henning et al., 2014) and “Did not need to learn the
topic” (Akakandelwa & Sitali, 2010)

R-SATC: Students’ attitudes towards teachers and class. Plagiarism may also result from a nega-
tive attitude towards the teacher, class, content, or the way content is presented. Students may believe
the instructor (teacher) does not care if students plagiarise or may not bother to check their work for
plagiarism. In addition to not liking the lecturer, the student may also believe the lecturet’s expecta-
tions for the class are unfair or too high. They may, moreover, feel that the instructor failed to ex-
plain all the rules and requirements cleatly in class.

Examples of reasons reported in the studies under review subsequently coded as R-SATC, include
“Due to the knowledge or feeling that the lecturer to whom the assignment is to be submitted does
not thoroughly read the assignments” (Comas-Forgas & Sureda-Negre, 2010) and “No big deal; does
not matter to professor” (D. Jones, 2011)

R-DN: Denial or neutralisation. Legitimising behaviour by means of denial or by passing the
blame to others could be a reason for plagiarism. Students may claim they have “always done it like
that” or that all their peers plagiarise anyway. When cheating is involved, they may legitimise behav-
iour by saying they were not adequately prepared. Students would often not see anything wrong with
Plagiarism as they believe it is a victimless crime and they are not hurting anyone.

Examples of reasons reported in the studies under review subsequently coded as R-DN, include
“Everyone does Internet plagiarism” (Eret & Ok, 2014) or “Because others do it” (Russikoff et al.,
2003).

R-TO: Temptation and opportunity. Easy access to information soutces and the availability of
opportunities could make it tempting for students to plagiarise. A large amount of information is
freely accessible via the Internet and other sources. The opportunity may also exist for students to
hire others to complete their assignments.

Examples of reasons reported in the studies under review subsequently coded as R-TO, include “It is
easy to cut and paste from the Internet” (Glendinning et al., 2013b) and “It was easy — the tempta-
tion was too great” (Brimble & Stevenson-Clarke, 2005).

R-LD: Lack of deterrence. The perceived benefit resulting from plagiarism outweighs the risk of
punishment due to a low chance of getting caught and non-severe consequences if ever caught. Stu-
dents may also not be aware of penalties if caught.

Examples of reasons reported in the studies under review subsequently coded as R-LD, include
“Permissive plagiarism practice” (Dor6, 2014) and “I hadn’t heard of other students being penalised
before” (Brimble & Stevenson-Clarke, 2005).

R-AD Academic difficulties. Vatious academic deficiencies leading to plagiarism were found. Stu-
dents may have a difficulty with the topic under study or feel the task is far beyond their academic
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comprehension and ability. The lack of language ability and comprehension may also be a reason for
plagiarising.

Examples of reasons reported in the studies under review subsequently coded as R-AD, include “Did
not understand the assignment” (Sentleng, 2010) and “They feel the task is completely beyond their
ability” (Foltynek, 2013).

R-EVA: External values / attitudes. Plagiarism could result because of external influences or in-
ter-personal relationships. Students may often be under external pressure to succeed due to high
expectations and pressure exerted by family members or as a requirement of a scholarship. On an
interpersonal level a student may cheat to maintain @ good relationship with their peers or because of
peer pressure to share their work. Examples of reasons reported in the studies under review subse-
quently coded as R-EVA, include “They feel external pressute to succeed” (Glendinning et al.,
2013e) and “Family pressute to succeed” (Henning et al., 2014).

The ranked reasons for plagiarism according to each individual study under review were coded and
combined into a single dataset for further analysis and reporting.

INTERPRETATION OF SYNTHESISED STUDIES

Conducting Step 4 of the selected systematic research methodology resulted in a single dataset that
contains the categorised ranked reasons for plagiarism for each of the selected studies under review.
By using this dataset, Figure 6 was generated indicating the average position (1 most likely, 11 least
likely) for each reason across the selected studies, as ranked by students.

W Average position across all studies
Group 3 R-EVA

B Standard deviation

Group 2
R-ID R-EG

Temptation and ack of deterrence  Efficiency gain Genuine lack of Denial
opportunity understanding

Denial or Personal titudes External values /
neutralisation values/attitudes attitudes

Bad time
management

Figure 6: Synthesised and categorised data indicating the average position for
plagiarism reasons across thirty-seven studies

As portrayed in Figure 6, the different study respondents on average ranked ‘Bad time management’
as the most likely reason leading to the decision to plagiarise, closely followed by “Temptation and
opportunity’, and ‘Academic difficulties’. The three reasons may be grouped closely (group 1 in Fig-
ure 6) asS one of them may aid the likelihood of the otheérs being the actual reason for plagiarism. It
may start with bad time management in the form of procrastination or extracurricular activities ON
the student’s Side, as the student is not spending enough time on his or her studies, academic difficul-
ties may arise. To mitigate the academic difficulties the student may be tempted to plagiarise.

‘Lack of deterrence’ and ‘Efficiency gain’ followed the first group and was ranked similarly in terms
of likelihood (group 2 in Figure 6). The reason for the similar ranking in likelihood may have to do
with risk and reward behaviour. The student may decide to plagiarise due to possible efficiency gain
outweighing the deterrence measures.
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Becoming a less likely reason for plagiatising IS ‘Genuine lack of understanding’ followed by ‘Denial
or neutralization’ and ‘Personal values/attitudes’.

On the less likely side ‘Defiance’ and ‘Student attitudes towards teacher and class’ were again ranked
similarly (group 3 in Figure 6). The teacher, how the class is presented, and teaching and learning
methods used may contribute to defiant behaviour together leading to plagiarism.

The lowest ranking reason for plagiarism consisted of external values and attitudes. This would sug-
gest that students are less likely t0 plagiarise due to external pressure from patents, the school, or
their peers.

CONCLUSION

Using a systematic review methodology, the information in thirty-seven studies was used to find the
factors that will influence students’ decisions to plagiatise.

To normalise the data gathered from the different studies, several categories that were fine grained
enough to accommodate the various reasons presented were identified. The categories included a
genuine lack of understanding, efficiency gain, time management, personal values or attitudes, defi-
ance, student attitude towards teacher and class, denial or neutralisation, temptation and opportunity,
lack of deterrence, academic difficulties, and external values or attitudes.

When the ranked reasons from the individual studies under review were combined, it was discovered
that both the individual IPPHEAE studies and the rest of the studies mostly agreed about the top
reasons that influenced students to plagiarise. The top reasons why according to students, they pla-
glarise were because of -

* temptation and easy opportunity;
e alack of deterrence;
* bad time management;
* academic difficulty; and
* cxpected gain in efficiency when plagiarising.
It would thus indicate that students would consider plagiarism when running out of time. As they

realise they will not complete the work in time, they may investigate other avenues and be tempted
by easy access to information to plagiarise from it to meet a deadline.

Time pressures and the temptation to plagiarise may be compounded by academic difficulties or
language and comprehension problems. As these pressures start to increase, the perceived lack of
deterrence comes into play. The student may believe the chances of getting caught are low or the
penalties if caught are not severe enough to outweigh the efficiency gain expected from plagiarising.
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ABSTRACT

Aim/Purpose The purpose of this study is to expand the knowledge base on factors likely
to impede implementation and adoption of web-based learning management
systems to blend with traditional methods of lecturing in universities to cater
for the next generation of learners in Africa and Eastern Cape Province
South Africa in particular.

Background The shift from the industrial economies to 21st century digital and
knowledge-based economies, fueled by rapid Information and Communica-
tion Technologies (ICTs) such as Internet, YouTube, Chartrooms, Skype, So-
cial media networks and its introduction to the educational system not only
resulted in a new teaching approach globally but also paved way to usher in
new generation of learners (anytime, anywhere learners) in the higher educa-
tion system. Despite the fact that universities and other institutions of higher
education in developed countries and some Africa countries have since rec-
ognized that the 21st century global digital and knowledge-based economies
evolution has ushered in the next generation of learners, and as a result have
taken the necessary steps to blend the traditional method of lecturing in
higher education with web-based learning management systems in order to
accommodate these learners. However, in Africa not much research has been
done on the readiness of higher education institutions in terms of blending
web-based learning management systems with the traditional method of lec-
turing to cater for the next generation of learners.

[The full paper was previously published as Fosu, A. (2019). Readiness of universities for the 21st century digi-
tal economies: A look at selected lecturers from universities in Buffalo City Metropolitan in Eastern Cape Prov-
ince South Africa. International Journal of Community Development & Management Studies, 3, 65-T1.
http.//ijcdms.org/Volume03/v3p065-077Fosu5523.pdf |

(CC BY-NC 4.0) This article is licensed to you under a Creative Commons Attribution-NonCommercial 4.0 International
License. When you copy and redistribute this paper in full or in part, you need to provide proper attribution to it to ensure
that others can later locate this work (and to ensure that others do not accuse you of plagiarism). You may (and we encour-
age you to) adapt, remix, transform, and build upon the material for any non-commercial purposes. This license does not
permit you to use this material for commercial purposes.



http://ijcdms.org/Volume03/v3p065-077Fosu5523.pdf
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:afosu@wsu.ac.za

Readiness of Universities for the 21st Century Digital Economies

Methodology Quantitative and two non-probability sampling methods, namely, quota and
purposive sampling was used to investigate the technological skills of selected
lecturers from universities within Buffalo City Metropolitan as one of the
core component to check the readiness of their faculty for the next genera-
tion of learners.

Contribution This research will add to the growing knowledge about the blending of web-
based learning management with the traditional style of lecturing in higher
education in the 21st century digital economies.

Findings The results indicated that the participating lecturers need to be trained and
supported in the skills of using of the ICTs and computer programs applica-
ble to enhance web-based learning in teaching and learning environment in
higher education in order to cater for the next generation of learners associ-
ated with the 21st century digital economies.

Recommendations Much as there is a need for increased in investment in infrastructure within

for Practitioners higher education institutions to support teaching and learning, continuous
support and training for academics to be technologically literate and also be
abreast on rapidly evolving field of ICTs is paramount as it can expedite the
teaching and learning process in higher education.

Recommendations  There is the need to explore in depth the other two components suggested
for Researchers by Mishra and Koehler that can serve as barriers for successfully integration
of technology into teaching and learning by locus of knowledge.

Impact on Society  The research will assist stakeholders, policy makers and agencies tasked with
transforming institutions of higher learning to identify the barriers likely to
hinder transformation efforts and address them accordingly.

Future Research Checking technological skills of students are critical in this context.
Keywords ICTs, next generation of learners, teaching, technological skills, lecturers,
web-based learning management system, 21st century digital economies
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EXPLORATORY STUDY: DIGITAL BADGING
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ABSTRACT

Aim/Purpose To inform educational stakeholders about of the emerging digital educational
badging technology, the industry, and how it applies to adult learning.

Background An overview of the developing badging system, concepts, key terminology,
advantages, challenges, and examples of badge utilization.

Methodology Exploratory study

Contribution Makes known how the current state of the badging system, its fit with adult
learning theories, its features, its issues, and offers avenues for future re-
search.

Findings Digital badges align well with adult learning theories. Badges can improve

adult student access to higher education, aid in reducing credential fraud, in-
crease granularity of academic records, and allow for more personalized
learning. The challenges include a crowded badging platform market and
concerns with the value proposition of badges by employers.

Recommendations Before an organization engages in a badging strategy for adult learners, it
for Practitioners needs to understand the badging system to include the advantages and chal-
lenges of this rapidly growing practice.

Recommendations  Understand the badging system, how adult learning theories apply to digital
for Researchers badging, and the research needs associated with this developing credential.

Impact on Society ~ Badging marks a shift in how we think about formal human development;
from institution-centric and bounded to learner-centric and unbounded.

Future Research Most current research involves motivational impacts on K-12 learners. This
article highlights the need for more research regarding impact of badges on
adult learning is needed.

Keywords badges, open badges, badging, access to higher education, transcript ambigu
ity, credential-fraud, open pathways, badge challenges
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Exploratory Study: Digital Badges

INTRODUCTION

A pedagogical outcome of the changing higher-education industry is the development of the digital
academic badge. Although new to academia, physical badges used as representations of rank, experi-
ence, or achievement are well known throughout the modern world. Though badges are often associ-
ated with Boy or Girl Scout merit badges, historians have dated badge-use to denote rank by Roman
legions hundreds of years Before the Common Era (Speidel, 1996). Only since 2011 have digital aca-
demic badges appeared on the higher-educational landscape (Gibson et al., 2015). Since 2013, Sur-
man (2018) posits that millions of badges have been issued by governments, industry, and educa-
tional institutions. Fong et al. (2016) found that 20% of U.S. colleges have issued badges since 2016.
Technavio analysts forecast the global digital badge market will see a compounded annual growth
rate of 31% from 2018-2022 (as cited in Technavio, 2017), which translates to a $205 million digital
badge market by 2023 (Marketsandmarkets, 2019).

Research by Raish and Rimland (2016) posit that Human Resource (HR) professionals welcome the
idea of badges, providing more granular information on a job candidate’s skills and knowledge. Yet,
most HR managers were unsure of the validity of open educational badges. Liyanagunawardena et al.
(2017) acknowledge limited research exists on open badges. The problem is the peer-reviewed re-
search that does exist does not consider how badges might be useful for adult learners and current
research fails to address the development of the emerging global system associated with the badging
movement.

The purpose of this exploratory research is threefold: expand knowledge of a novel idea, disseminate
knowledge, and identify future research needs. The goal of this investigation is to answer three ques-
tions: How do theoretical frameworks of adult education apply to badging? What developments are
occurring with the global digital badging ecosphere? What are the research needs associated with dig-
ital badging? This study provides an overview of the emerging global badging system, highlights key
terminology, provides examples that demonstrate how organizations are utilizing badges, and empha-
sizes future research needs associated with this emerging technology.

RESEARCH METHODOLOGY

The research approach used is best described as an exploratory study. Yin (1993) argues the explora-
tory approach is ideal for background investigation, making known the unknown, before engaging in
formal social research via explanatory and descriptive studies. Yin (1994) contends that using varied
sources of evidence ensures validity of the exploratory construct.

Table 1: Types of exploratory research (Swedberg, in press)

Types of exploratory study Goal of the study

Standard exploratory study type 1 To be the first investigation in a topic where little is
understood, a publishable work using multi-methods

Standard exploratory study type 2 Create new hypotheses and notions for a topic that
is already known and produce publishable work us-
ing standard methods and significant sample size.

Informal exploratory study (pre-study) Expand the development of novel ideas by any
means; sample size may be small.

Pilot study or exploratory study for the- | Investigate a topic informally in order the general
sis proposal design for a dissertation yields important results.
Standard and irregular methods may be used; a rep-
resentative sample is not necessary.
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