2 Athens Journal of 2
aner) [0ZzeChnNoOol 0gy & |“amen

Volume 8, Issue 1, March 2021

Articles

Front Pages

ALI H. TARRAD

A Perspective Evolution Methodology of Energy Management in a
Subcritical Regenerative Organic Rankine Cycles Operate at Two
Temperature Levels

ZORAN BOJKOVIC, DRAGORAD MILOVANOQVIC,
TULSI PAWAN FOWDUR & MUSSAWIR AHMAD HOSANY
What 5G has been and what should 5G+ be?

ALI ELJIAYAR & JEFF S BUSCH

Aqgile -Stage-Gate Approach: Exploratory Research on the Structure,
Roles, and Responsibilities

ZEYNEP UMMUHATUN OZEN, MUSTAFA TOSUN & ENES YASA
Investigation o f the Effect of Traffic Noise in Inspection of Urban -
Level Noise: A Noise Analysis in Konya - Nalcaci Street



https://www.athensjournals.gr/ajte
https://www.athensjournals.gr/ajte
https://www.athensjournals.gr/technology/Cover-2021-01TE.pdf
http://www.athensjournals.gr/technology/2021-8-1-1-Tarrad.pdf
http://www.athensjournals.gr/technology/2021-8-1-1-Tarrad.pdf
http://www.athensjournals.gr/technology/2021-8-1-1-Tarrad.pdf
http://www.athensjournals.gr/technology/2021-8-1-2-Bojkovic.pdf
http://www.athensjournals.gr/technology/2021-8-1-3-Eljayar.pdf
http://www.athensjournals.gr/technology/2021-8-1-3-Eljayar.pdf
http://www.athensjournals.gr/technology/2021-8-1-4-Ozen.pdf
http://www.athensjournals.gr/technology/2021-8-1-4-Ozen.pdf

ATHENS INSTITUTE FOR EDUCATION AND RESEAF
A World Association of Academics and Researchers
8 Valaoritou Str., Kolonaki, 1067dn&, Greece.
Tel.: 2136.34.20Fax: 216.34.209
Emailinfo@atiner.g¢¢RL: www.atiner.gr
(ATINER) Established in 1995 (ATINER)

Mission

ATINER is an Athens-based World Association of Academics and
Researchersbased in Athens. ATINER is an independent and non-profit
Association with a Mission to become a forum where Academics and
Researchersfrom all over the world can meet in Athens, exchange ideas
on their researchand discuss future developments in their disciplines, as
well asengage with professionals from other fields . Athens was chosen
because of its long history of academic gatherings, which go back
thousands of yearsto P | a tAcadesiyand Ar i s tLgceumeBatls these
historic places are within walking distance from A T | N E &frgown
offices. Since antiquity, Athens was an open city. In the words of Pericles,
Athens o é iopento the world, we neverexpela foreigner from learning or
seei foP® r i FudemlsGxr at iim Mmhacydides, The History of the
Peloponnesiaivar). It is AT | N Emigsien to revive the glory of Ancient
Athens by inviting the World Academic Community to the city, to learn
from each other in an environment of freedom and respect for other
pe o p loginibss and beliefs. After all, the free expressionof 0 n eofirgon
formed the basis for the development of democracy, and Athens was its
cradle. As it turned out, the Golden Age of Athens was in fact, the Golden
Age of the Western Civilization. Educationand (Re)searchingor the6t r ut h 6
are the pillars of any free (democratic) society. This is the reason why

Educationand Researchre the two corewords in A T | N ErfRides


mailto:info@atiner.gr
http://www.atiner.gr/

The Athens Journal of Technology & Engineering
ISSN NUMBER: 22418237 DOI: 10.30958/aje
Volume 8§, Issuel, March 2021

Download the entire issue (PDF)

Front Pages I-Vili

A Perspective Evolution Methodology of Enerqgy 9
Management in a Subcritical Regenerative Organic
Rankine Cycles Operate at Two Temperature Levels

Ali H. Tarrad

What 5G has been and what should 5G+ be? 27
Zoran BojkovigDragorad Milovanovic,
Tulsi Pawan Fowdur & Mussawir Ahmad Hosany

Aqgile -Stage-Gate Approach: Exploratory Research on 39
the Structure, Roles, and Responsibilities

Ali Eljayar & Jeff S Busch

Investigation of the Effect of Traffic No ise in Inspection 91
of Urban -Level Noise: A Noise Analysis in Konya -
Nalcaci Street

Zeynep Ummihatun Ozen, Mustafa Tosun & Enes Ya



https://www.athensjournals.gr/technology/2021-01TE.pdf
https://www.athensjournals.gr/technology/Cover-2021-01TE.pdf
http://www.athensjournals.gr/technology/2021-8-1-1-Tarrad.pdf
http://www.athensjournals.gr/technology/2021-8-1-1-Tarrad.pdf
http://www.athensjournals.gr/technology/2021-8-1-1-Tarrad.pdf
http://www.athensjournals.gr/technology/2021-8-1-2-Bojkovic.pdf
http://www.athensjournals.gr/technology/2021-8-1-3-Eljayar.pdf
http://www.athensjournals.gr/technology/2021-8-1-3-Eljayar.pdf
http://www.athensjournals.gr/technology/2021-8-1-4-Ozen.pdf
http://www.athensjournals.gr/technology/2021-8-1-4-Ozen.pdf
http://www.athensjournals.gr/technology/2021-8-1-4-Ozen.pdf

= =4 —a —a —a 9 = —a —9

E}

E}

To 3o Do o =A

At hens Journal of dzechnol ogy
Edi tori al and Reviewersao

Editors

Dr. Panagiotis Petratos, Vice-President of Information Communications Technology, ATINER &
Fellow, Institution of Engineering and Technology & Professor, Department of Compu ter
Information Systems, California State University, Stanislaus, USA.

Dr. Nikos Mourtos , Head, Mechanical Engineering Unit, ATINER & Professor, San Jose State
University USA.

Dr. Theodore Trafalis , Director, Engineering & Architecture Division , ATINER, Professor of
Industrial & Systems Engineering and Director, Optimization & Intelligent Systems Laboratory,
The University of Oklahoma, USA.

Dr. Virginia Sisiopiku , Head, Transportation Engineering Unit , ATINER & Associate Professor,
The University of Alabama at Birmingham, USA.

Editorial Board
Dr. Marek Osinski, Academic Member, ATINER & Gardner -Zemke Professor, University of New Mexico,
USA.
Dr. Jose A. Ventura, Academic Member, ATINER & Professor, The Pennsylvania State University, USA.
Dr. Nicolas Abatzoglou, Professor and Head, Department of Chemical & Biotechnological Engineering,
University of Sherbrooke, Canada.
Dr. Jamal Khatib, Professor, Faculty of Science and Engineering, University of Wolverhampton, UK.
Dr. Luis Norberto Lopez de Lacalle, Professor, University of the Basque Country, Spain.
Dr. Zagabathuni Venkata Panchakshari Murthy, Professor & Head, Department of Chemical Engineering,
Sardar Vallabhbha National Institute of Technology, India.
Dr. Yiannis Papadopoulos, Professor, Leader of Dependable Systems Research Group, University of Hull, UK.
Dr. Bulent Yesilata, Professor & Dean, Engineering Faculty, Harran University, Turkey.
Dr. Javed Igbal Qazi, Professor, University of the Punjab, Pakistan.
Dr. Ahmed Senouci, Associate Professor, College of Technology, University of Houston, USA.
Dr. Najla Fourati, Associate Professor, National Conservatory of Arts and Crafts (Cnam) -Paris, France.
Dr. Ameersing Luximon, Associate Professor, Institute of Textiles and Clothing, Polytechnic University, Hong
Kong.
Dr. Georges Nassar, Associate Professor, University of Lille Nord de France, France.
Dr. Roberto Gomez, Associate Professor, Institute of Engineering, National Autonomous University of Mexico,
Mexico.
Dr. Aly Mousaad Aly, Academic Member, ATINER & Assistant Professor, Department of Civil and
Environmental Engineering, Louisiana State Universi ty, USA.
Dr. Hugo Rodrigues, Senior Lecturer, Civil Engineering Department, School of Technology and Management,
Polytechnic Institute of Leiria, Portugal.
Dr. Saravanamuthttu Subramaniam Sivakumar, Head & Senior Lecturer, Department of Civil Engineering,
Faculty of Engineering, University of Jaffna, Sri Lanka.
Dr. Hamid Reza Tabatabaiefar, Lecturer, Faculty of Science and Technology, Federation University, Australia.

Vice President of Publications: Dr Zoe Boutsioli

General Managing Editor of all ATINER's  Publications: Ms. Afrodete Papanikou
ICT Managing Editor of all ATINER's Publications: ~ Mr. Kostas Spyropoulos
Managing Editor of this Journal: Ms. Effie Stamoulara (bio)

Revi ewer sdéo Board
Click Here

&
B «


http://www.atiner.gr/mechanical-unit
http://www.atiner.gr/eard
http://www.atiner.gr/TRANSPORTATION-UNIT.htm
https://www.athensjournals.gr/es-cv
http://www.athensjournals.gr/ajterb

President's Message

Al l ATl NEROG s publ itc e&ournalsh are opem catcess i n g
without any costs (submission, processing, publishing, open access paid

by authors, open access paid by readers etc.) ad is independent of
presentations at any of the many small events (conferences,
symposiums, forums, colloquiums, courses, roundtable discussions)
organized by ATINER throughout the year and entail significant costs

of participating . The intellectual property rights of the submitting

papers remain with the author. Before you submit, please make sure

your paper meets the basic academic standards which includes proper

English. Some articles will be selected from the numerous papers that
have been presented at the various annual international academic
conferences organized by the different divisions and units of the Athens
Institute for Education and Research. The plethora of papers presented
every year will enable the editorial board of each journal to select the
best, and in so doing produce a top-quality academic journal. In
addition to papers presented, ATINER will encourage the independent
submission of papers to be evaluated for publication.

The current issue is thefirst of the eighth volume of the Athens Journal
of Technology & EngineerindAJTE), published by the Engineering &
Architecture Division of ATINER.

Gregory T. Papanikos, President, ATINER.


https://www.athensjournals.gr/Standards.pdf
http://www.atiner.gr/EARD.htm
http://www.atiner.gr/EARD.htm

Athens Institute for Education and Research
A World Association of Academics and Researchers

11t Annual International Conference on Civil Engineering
21-24 June 2021 Athens, Greece

The Civil Engineering Unit of ATINER is organizing its 11! Annual International Conference on
Civil Engineering, 21 -24 June 2020, Athens, Greecesponsored by the Athens Journal
of Technology & Engineering . The aim of the conference is to bring together academics and
researchers of all areas of Civil Engineering other related areas. You may participate as stream
leader, presenter of one paper, chair of a session or observer. Please suhit a proposal using the
form available (https://www.atiner.gr/2021/FORM  -ClV.doc).

Academic Members Responsible for the Conference

9 Dr. Dimitrios Goulias, Head, Civil Engineering Unit, ATINER and Associate Professor &
Director of Undergraduate Studies Civil & Environmental Engineering Department,
University of Maryland, USA.

Important Dates
91 Abstract Submission: 22 February 2021
91 Acceptance of Abstract: 4 Weeks after Submission
9 Submission of Paper:24 May 2021

Social and Educational Program

The Social Program Emphasizes the Educational Aspect of he Academic Meetings of
Atiner.

1 Greek Night Entertainment (This is the official dinner of the conference)
Athens Sightseeing: Old and New-An Educational Urban Walk

Social Dinner

Mycenae Visit

Exploration of the Aegean Islands

Delphi Visit
Ancient Corinth and Cape Sounion

=A =4 =4 -8 -8 =9

Conference Fees

Conferencefes vary from 4000 to 20
Details can be found at: https://www.atiner.qr/2019fees



https://www.atiner.gr/2019fees
https://www.atiner.gr/civil-unit
http://www.atiner.gr/CIVIL-UNIT.htm
http://www.athensjournals.gr/ajte
http://www.athensjournals.gr/ajte
https://www.atiner.gr/2021/FORM-CIV.doc

Athens Institute for Education and Research
A World Association of Academics and Researchers

9th Annual International Conference on Industrial, Systems and Design
Engineering, 2 2-25 June 2020 Athens, Greece

The Industrial Engineering Unit of ATINER will hold its 9" Annual International
Conference on Industrial, Systems and Design Engineering, 21-24 June 2021 Athens,
Greece sponsored by the Athens Journal of Technology & Engineering .The aim of the
conference is to bring together academics, researchers and professionals in areas o
Industrial, Systems, Design Engineering and related subjects. You may participate as
stream leader, presenter of one paper, chair of a session or observerPlease submit a
proposal using the form available ( https://www.atiner.gr/2021/FORM  -IND.doc).

Important Dates
9 Abstract Submission: 22 February 2021
1 Acceptance of Abstract: 4 Weeks after Submission
9 Submission of Paper:24 May 2021

Academic Member Responsible for the Conference
9 Dr. Theodore Trafalis, Director, Engineering & Architecture Division, ATINER,

Professorof Industrial & SystemsEngineering and Director, Optimization & Intelligent
SystemsLaboratory, The University of Oklahoma, USA.

Social and Educational Program

The Social Program Emphaszes the Educational Aspect of the Academic Meetings of
Atiner.
Greek Night Entertainment (This is the official dinner of the conference)
Athens Sightseeing: Old and New-An Educational Urban Walk
Social Dinner
Mycenae Visit
Exploration of the Aegean Islands
Delphi Visit
Ancient Corinth and Cape Sounion

More information can be found here: https://www.atiner.gr/social _ -program

= =4 -8 —a —a 8 9

Conference Fees
Conference fees vary from 400
Details can be found at: https://www.atiner.qr/2019fees

Vil



https://www.atiner.gr/2019fees
http://www.atiner.gr/eard
http://www.atiner.gr/INDUSTRIAL-UNIT.htm
http://www.athensjournals.gr/ajte
https://www.atiner.gr/2021/FORM-IND.doc
https://www.atiner.gr/social-program




Athens Journal of Technology and EngineeriNglume 8, Issue, March 20211
Pages 26

A Perspective Evolution Methodology of Energy
Management in a Sibcritical Regenerative Organic
Rankine Cycles Operate at Two Temperature Levels

By Ali H. Tarrad

The waste energy recoveand management philosophy represent a great
challenge for scientists. This article outlines a scheme to utilize two different
souice temperature levels in the range of (1BID) °C. Two regenerative
organic Rankine cycles (RORC) were implemented to construct a compound
regenerative organic Rankine cycle (CRORC) to improve the energy management
of the sources. The method of energy agament for these cycles was
accomplished by extracting a certain amount of energy from the- high
temperature cycle and rejecting it to the working fluid in an economizer at the
low-temperature level. R23 was circulated in the higlemperature cycle due

to its high critical temperature at evaporation and condensation temperatures of
150 °C and 50 °C respectively.-123, R245fa, R1233zdE, and the
hydrocarbonR-600a were used as working fluids for the d®mperature cycle

at evaporation and condensatitamperatures of 130 °C and 35 °C respectively.
This technique showed that the first law of thermodynamics efficiency was
augmented by (3)% for the lowtemperature mincycle of the (CRORC). The
energy consumption at the ldamperature cycle was also texkd by (B5)%.

The latter reduction range accounts for 2% for the total extracted energy for the
independent system where both Higimperature and lowemperature cycles
were utilized separately. The data showed that increasing the superheat degree
from 10 °C to 20°C has enhanced the thermal efficiency of the compound
(CRORC) system byi@%. The (CRORC) system 0flR3/R600a, R23/R

123, and R123/R245fa fluid pairs exhibited higher thermal efficiency than that
of R123/R1233zdE pair by (4.56)%, (4 6)% and (34)% respectivelyThe

net thermal efficiency of the compound (CRORC) system fell in the raiige (12
13)% and the loviemperature mincycle of the (CRORC) system had a range
of (12 14)% for all of the examined operating conditions.

Keywords: conpound cycle, regenerative, energy management, energy recovery

Introduction

The basic and regenerative, sutliical, and single pressure (ORC) systems
have been adopted in the practical field due to their allowable working operating
conditions range andompactness, Le et al. (2014) and Astolfi et al. (2017).
Shengjun et al. (2011) investigated the utilization of several working fluids at 80
100 °C in an organic Rankine cycle (ORC). The results proved that isobutene
demanded the lowest cost to producecteicity, and the RL52 unit is more
compactable. Da Cunha and Souza (2020) simulated a regenerative organic

"ProfessorCNRS,LEMTA, University of Lorraine, France
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Rankine cycle with several extractions at the turbine circulatd@4a as a
working fluid. The evaporation temperature was ranged between 60d°C0Q

°C with superheated temperatures of 120 °C, 200 °C, and 300 °C. They concluded
that the maximum thermal efficiency and turbine output increase with the
evaporation temperature. The turbine output power showed an augmentation with
increasing in theuperheat temperatures and the thermal efficiency exhibited a
declination with superheat temperature increase.

Xi et al. (2013) investigated the performance of three different organic
Rankine cycles systems to extract waste heat under the same condiggn. T
found that the doublstage regenerative cycle produced the best thermal efficiency
and exergy efficiency under the optimal operating conditions. It was followed by
the singlestage regenerative system, and the simple organic Rarykieehas the
worg efficiencies. Javanshir et al. (2017) investigated the optimizatdna
regenerative Organic Rankine cycle (ORC) using dry working fluids. Butare, iso
Butane, and R113 offer the highest specific net of work output. They concluded
that the higher cycleat of work output and thermal efficiency corresponds to the
working fluids of higher specific heat and higher critical temperature respectively.
Yuan and Zhang (2019) studied eight candidate working flHti2R R245fa, R
114, R236ea, R236fa, RC318, R27ea and R234yf with a low heat source
grade of (100150) °C. They concluded that under the given operating conditions,
the heat source temperature and its allowable minimum temperature at outlet port
influence the state for optimal turbine inlet coiwdit Further, the critical
temperature of working fluid represents another factor which affects the optimal
condition state.

Vankeirsbilck et al. (2011) compared the performance of the organic Rankine
cycle with that of steam one. They concluded tha{@®C) can be operated on
low-temperature heat sources grades with low to moderate evaporation pressure,
and still achieve a better performance than that of a steam cycle. Molés et al.
(2014) compared the performance el B33zdE and R1336mzzZ, to R245fa
fluids in an (ORC). They concluded that1R33zdE requires 10.3% to 17.3%
lower pump power and provides up to 10.6% higher cycle efficiency tzabR
over the tested range of cycle conditions. They also postulated that the turbine size
for R-1233zdE would be about 7.5% to 10.2% larger than feR4®fa. More
recently, Tarrad (2020) investigated the performance of a simple organic Rankine
cycle (SORC) when circulated 23, R134a, R290, R245fa, R1234zeE, and
R-1233zdE fluids at lowtemperature lels. He concluded that the thermal
efficiencies of R134a, R123, R245fa, R1233zdE, and R1234zeE were higher
than that of R290 by (1014)%, (1112)%, (912)%, (47)% and (13)%
respectively.R-290 exhibited thermal efficiencies close telR33zdE and R
1234zeE in the superheat degree range 6flE °C. Hence, the hydrocarbon
fluid R-290 is a suitable alternative candidate to the conventional flukRi¥SR
and R1233zdE in the basic organic Rankine cycle (SORC) with a little more
safety precautios.

In this work, the thermal performance of a compound regenerative organic
Rankine cycle (CRORC) system was compared to that of the independent
regenerativeorganic Rankine cycle (IRORC) system under the same operating

10
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conditions. Four organic fluids,-R23, R1233zdE, R-245fa, and R600a were
studied as candidate working fluids. Four fluid pairs were utilized to evaluate the
thermal performance of the postulated system. A hypothetical organic Rankine
cycle of nominal heat recovery of 50 kW was impleme:rfice the evaluation of

the cycle performance. The lemperature waste heat source was suggested to
be available at the range between 160 °C and 200 °C. Superheat degrees of (10
20) °C were assumed for both temperature levels of the cycle and no sdbcoole
was utilized at the discharge ports of condensers of botkcyalas.

Methodology
Organic Fluids

The critical point characteristics, pressure, and temperature play a significant
role in the working fluids' selection philosophy. Further, the fluisl tosapossess
attractive global warming potential (GWP), Ozone depletion potential (ODP), and
favourable thermal propertigSour organics were selected as working fluids to be
circulated in the suggested compound regenerative organic Rankine cycles
(CRORC) Table 1 shows some of the physical, safety, and environmental
characteristics of the selected working fluids.

Table 1.Characteristics of Test Candidate Fluids

Chemical T Pe M Tho Depletion Safety

. (o} w
Refrigerant | £ ila ¢C) | (ar | @/mol) | (C) | obP | GwP | Groug
R123 CHCLCF, | 183.68 | 36.618| 152903 | 2782| 002 | 77 Bl
R-12332dE | CR.CH=CHCI | 166.45 | 36.237 | 130.496 | 18.26 | 0.00034| 7 AL
R-245fa CHR,CH,CF, | 153.86| 3651 | 134.048| 1505| 0 1030 | Bl
R-600a CH(CH),CHs | 135.0 | 3650 | 5812 | -12 0 3 A3

"ANSI/ASHRAE Stadard 34 2016.

Selected thermodynamics properties of the test fluids are listabla 2for
both of the higitemperature and lotemperature cycles fluids.

Table 2a.Thermodynamics Properties of the Candidate Working Fled@&Rfor
the Higher Tempeatture Level Cycle

Pressure Liquid Density Liquid Enthalpy Vapor Enthalpy
Refrigerant (bar) (kginf) (kJ/kg) (kI/kg)
50°C | 150°C | 50°C | 150°C| 50°C 150 °C 50°C | 150°C
R-123 21246 | 20.987 | 1397.8 | 1036.8| 251.06 367.1 41150 | 461.05

Table 2b. Thermodynamg Properties of Working Fluids for the Levemperature
Level Cycle

Pressure Liquid Density Liquid Enthalpy Vapor Enthalpy
Refrigerant (bar) (kg/nT) (kJ/kg) (kJ/kg)
35°C | 130°C| 35°C | 130°C| 35°C 130 °C 35°C | 130°C
R-123 1.305 14.6 1437.7 | 1133 2335 340 401 452.70
R-1233zdE 1.831 | 19.081 1238 927 243.37 | 372.878 | 429.635 | 484.764
R-245fa 2117 | 23.442 1311 940 245.81 | 390.39 | 430.08 | 487.699
R-600a 4.686 | 33.665 | 54142 | 279.37| 282.68 | 60231 | 603.09 | 691.89

11
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These fluids were selected according to their exddlhenmal performance in
organic Rankine cycles (ORC), Yuan and Zhang (2019), Vankeirsbilck et al.
(2011), Molés et al. (2014), and Tarrad (2020).

Compound Cycle

Figure 1. Compound Cycle with Economizer Condenser

Heat Source Reg. 2
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The arrangement of the postulated eyslshown schematically in Figure 1, it
consists of two regenerative cycles. The upper part of the system represents the
highrtemperature cycle which circulateslR®3 at 150°C and 50°C evaporation
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and condensation temperatures respectively. It utéizegenerator to capture the
energy before leaving to the condensation unit and improves the thermal
performance. The lower part of the compound cycle represents tienperature
cycle where one of the -lR23, R245fa, R1233zdE, or R600a fluid was
circulatedin the lowtemperature level of 130C and 35°C evaporation and
condensation temperatures respectively.

The two cycles are combined through the economizer which extracts the
energy from RL123 vapor at the exit of the expander port (4) and heaisvhe
temperature fluid before passing through the regenerator at the lower part of the
system. The suggested technology improves the thermal management of the cycle,
it raises the temperature of léemperature cycle fluid and minimizing the
required heaabsorbed at the lower part of the cycle. An 8% df28 mass flow
rate of the highemperature cycle fluid was extracted at point (A) and passed
through the economizer. This amount of fluid bypass was inferred from keeping a
constant terminal temperatureffekence between condensate and the-low
temperature fluid at the exit side of the condensation zone of the condenser. This is
shown schematically iRigure 2.

Figure 2. Fluid Temperature Variation in the Economizer
A

Desuperheating |

Condensation

Temperature (C)

~
@

Length

In the pesent work, a value of 2 °C was considered as a maximum terminal
temperature differencgT;.,-) to ensure a complete condensation of the bypassed

fluid amount in the economizer. Although using a loW&F;,.,-) raises the low
temperature fluida a higher energy level but it is not preferable since this will
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increase the surface area of the economizer which could lead to an economic issue
problem.

The remainder amount of flow rate accounts for 92% of total circulating fluid
was passed through thiegenerator (2) where it heats thel®3 fluid before
entering the evaporator (2). The bypasseil2B fluid was condensed in the
economizer and discharged to the reservoir at point (B) and mixed with the
condensed flow from the condenser (2) as shownigar& 1. This technique
allows for consuming energy at a ldemperature level and converts it to a useful
one for electricity production.

Thermal Analysis

The thermal analysis of the compound cycle is present€&dtle 3for each
of the cycle componesin the high and lowemperature levels.

Table 3. Thermal Analysis of the Compound Regenerative Organic Rankine Cycle
(CRORC)

Component Analysis
3 Qevap.H.T =My (h3 - hz’) (1.8.)
% g —_— }Qevap.L.T =1y (hsr — hs) (Lb)
= 3
L :qE) < ( A
_ hz—h,
Generator MisexHT = 3 5 (2.2)
Load , _ _hsthy

?:s.ex‘.L.T hgr— Ry s | (2b)

Wexn1 = Nmex Nuex My (hﬂ - h4)

(3.2)

Wex 11 = Nmex Noex ML (hS’ - h?)

(3.b)

_ Ty—Ty
Re 2 4Q £ = —T4— T, (4a)
To— Toy
ge —t> |e= e (4.b)
ne hzl = hz + h4 - h*t’ (53.)
rat | hs =hg +h; — h (5.b)
5 &' 7 7’ .
HC 4
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Component Analysis
1 . .
- Qeona.nr = 092 1y r (hy — hy)
S o ¢ >
& = : b4 ! (6.2)
g § E :; : Qeonarr =myr (hy — hg)  (6.b)
(&) = € \ |< )
4Q
5 1 : :
& 6 | Qgcon = 0.081it57 (hy— hy)  (7)
E | | > _ Q.Econ
o hg, = hg + ——
§ L.T.C H.T.C g LT
8 I ®)
c Q 4
_ hais—hy
5 1 Nis,pHT = Tha—hy
9.a
PU ( ) _ he,is—hg
mp NispLT — he— hg
(9.b)
Moto Wp.H.T =m H.T(hl - hz)fnm.p
(10.a)
Wp.L.T =My (hﬁ - hs)fnm.p
(10.b)
The first law of thermodynamics efficiency is defined as:
Wop— W,
Mnet = d—p (11)
evap
Hence, the compound cycle net thermal efficiency is estimated from:
Wox T tWex. L 7)—( Wy HT4p.L.
Mt com :( HT L)~ (Wp artpLT) (12)

Qevap.H.T+ Qevap.L.T

The corresponding net thermal efficierioythe two independent cycles is
calculated by:

(Wen HTWex, ) —( Wy g7+ Wy £)
Nnetind = . 2] — 2L (13)
Qevap.HTT Qeuap.f

The subscriptionf) refers to the working fluid which is circulating in the
lower temperature cycle. This includeslR3, R245fa, R1233zd-E, and R600a

15
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at evaporation and condensation temperatures of 130 °C and 35 °C respectively.
The hightemperature cycle corresponds to th@Zd3 working fluid at evaporation

and condensation temperatures of 150 °C and 50 °C respectively. The parameter
Mnet.ina 1S the mean value of the net thermal efficiency when these cycles operate

independently at the two temperature levels.

The mass flow rate of the circulated fluid was calculated for the hypothetical
cycles of the total 50 kW nominal evapaoatiload, for a mincycle of the
(CRORC) and independent systems, it corresponds to:

25

m (14)

N {jhg.evap_hx:]

In this expression, it has been assumed that eackcyalei d the (CRORC)
and independent systems possesses half of the total nominal heat load. The
(hy.evap) refers to the vapor enthalpy at the operating evaporator saturation

temperature, Table 2. The enthalpy) corresponds to that at the pump discharge
dde, it is equal tolp) and fg) for the high and lowwiemperature mincycles
respectively for the compound system. The same mass flow rates were circulated
in both of the (CRORC) and (IRORC) systems.

Qevap.t = Qevap + qup (15)

Table 4 illustrates the numerical values of the efficiencies of the expander and
pump and the effectiveness of the regenerators.

Table 4. The Numerical Values of Performance Parameters Utilized at the Present
Work

Parameter Magnitude
Expander isentropic efficiency. .. 85%
Expander volumetric efficiency,, ..,. 85%
Expander mechanical efficiency,,, ... 90%
Pump isentropic efficiencyt;s,, 85%
Pump mechanical efficiencyl. » 80%
Regenerator effectiveness, 80%

The evaluation of the performance comparison between different test fluids
under similar operating conditions was based on the discrepancy percentage
defined as:

By = %ﬂi x 100 (16)

Here, the subscriptiong)(and (ef) refer to the compared fluid and reference
fluid respectively. The parameted)(refers to the required characteristic variable
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for conparison such a'aifpump, H’Exp, Qeavp, andn.:. This expression is valid

for comparison of the performance of the same fluid at different operating
conditions such as volumetric efficiency or evaporation temperature chdrege.
comparison of the compound regenerative organic Rankine cycle (CRORC)
system and the independent regenerative organic Rankine cycle (IRORC) system
performance parameters were deduced from:

(cp — Peom— Pind % 100 (17)

‘pcom

The parameterf() has the same definitions as those in Eq. (16). Equation (17)
is valid for all of the compared parametdaﬂzgmp, Ifiv;xp, andn .+ except for the

consumed energy on@d,,,,) Which was inverted as:

_ dguap,!'.nd— fjeva;a.com % 10'3 (18)
Qeua;a.a'nd

zdevap

Results and Discussion
Consumed Energy

Figure 3illustrates a comparison of the total consumed heat rate between the
compound and indemdent cycle systems.

Figure 3. A Comparison of Consumed Heat Load for the (CRORC) and (IRORC)
Systems
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The results indicated that the (IRORC) independent cycle system needed
more energy consumption than that of the compound system for all fluid
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combinaions, the high and lossemperature cycles. The-R3/R600a and R
123/R123 systems consumed the higher and lower energy respectively than other
fluid combinations for both compound and independent cycle systems. For the
independent system, thelR3/R600a, R123/R245fa, and RL123/R1233zdE
systems showed higher energy extractions than thatl@fBAR 123 by (1.52)%,

1% and 0.5% respectively. The corresponding numerical values of energy
consumption discrepancy from that of thelBB/R123 system for th&-123/R

600a, R123/R245fa, and RL23/R1233zdE systems were 2.5%, 1%, and 1%
respectively. Figure 4 depicts a comparison of the total consumed energy for both

of the high and lowemperature levels of the compound system at a superheat
degree of 20 °C.

Figure 4. A Comparison of the Consumed Heat of the Compound System for
Different Fluid Combinations at a Superheat Degree of (20) °C
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The consumed energy for the independent system was higher than that of the

compound system by the range of 6 for the test fluid combinations and
operating conditions.

Figure 5. Comparison of Consumed Heat Load at the Simple Independent Low
Temperature Cycle Version
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At the lowtemperature cycle of (IRORC) operating conditions, tHe0Ba
and R123 cycles showed Higr and lower consumed energy respectively than
other examined fluidsFigure 5 R-600a, R1233zdE and R245fa energy
consumptions were higher than that of th@Z3 value by (34)%, (1.31.7)% and
within 0.5% respectively. The corresponding values ofctirssumed energy for
the lowtemperature cycles were 5%j 25)% and about 2% higher than that of
the R123 fluid for the R600a, R1233zdE and R245fa respectively.

The gradients of the consumed energy to the superheat degree fet28e R
and R1233zdE cycles were the lower among other working fluids. Hence, the
superheat degree has less influence on the consumed energyi8raRd R
1233zdE, whereas B00a showed the higher gradient an@4%fa exhibited a
moderate one.

Thermal Efficiency

Figure 6 illustrates the net thermal efficiency comparison for both of the
compound and independent systems when circulating different combinations of
working fluids. The general trend of the results revealed that the compound cycle
system achieved higher therdn@dficiencies than those of the independent one.
The compound system provided a thermal efficiency enhancement when
compared to the independent system within the range of 2%. TIR8/R
1233zdE pair showed lower thermal efficiency among the other exariinid
pairs and operating conditions.

Figure 6. A Comparison of the Net Cycle Thermal Efficiency for the-Twde
Systems
Figure 6a.R-600a and RL233zdE LowTemperature Cycle Fluids
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Figure 6b. R-245fa and RL23 LowTemperature Cycle Fluids
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The (CRORC) system of ®23/R600a, RL23/R123, and RL23/R245fa
fluid pairs exhibited higher thermal efficiency than that efZ3/R1233zdE pair
by (4.56)%, (46)% and (84)% respectively. The corresponding discrepancies
for these pairs in the indepemtilesystem were higher than that of thd /R
1233zdE pair by (55.5)%, (45)%, and (45)% respectively.

Figure 7 illustrates the net thermal efficiency of the compound system at the
examined operating conditions and superheat degrees. The net tiHécieacy
of the compound (CRORC) system fell in the range between 12% and 13% for all
of the examined operating conditions.

Figure 7. A Comparison of the Cycle Net Thermal Efficiency for the Compound
(CRORC) System Arrangement
Figure 7a.AT,,, = 10 °C
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Figure 7b. AT, = 20 °C
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The fluid pairs of RL23/R600a, RL23/R123, and RL23/R245fa exhibited
close figures of the thermal efficiency, the maximum discrepancy between them
fell within 1.5%. The data showed that increasing the superheaedegre10°C
to 20°C has enhanced the thermal efficiency of the compound (CRORC) system
by (2 4)%. The corresponding figures for the ZDof the independent (IRORC)
system fell within the range of (24)% as they were compared to the results at 10
°C.

The utilization of the economizer has improved the thermal performance of
the lowtemperature cycle by minimizing the amount of energy required to run the
evaporator. The energy consumption at thetienvperature cycle was reduced by
(3i5)%. The thermal effiency of the lowtemperature cycle as compared to that
of the independent system is shown in Figure 8.

Figure 8. A Comparison of Net Cycle Efficiency of the Independent and Compound
Systems for the Lelvemperature Part
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The thermal efficiency of thewatemperature cycle of the (CRORC) showed
an enhancement of abouti $3% as compared to the le@mperature of the
independent cycle of the (IRORC) system. Th&2B3zdE fluid exhibited the
lower value of the thermal efficiency among the other examinetsfat the low
temperature mintycle whereas the-B00a cycle produced the highest thermal
efficiency. The numerical values of the thermal efficiency discrepancies for the R
600a, R245fa, and RL.23 were (911)%, 8%, and (8.1)% respectively when
compare to that of the Ri233zdE low-temperature minacycle of the (CRORC)
efficiency. The thermal efficiency of the le@mperature mincycle of the
(CRORC) system approached a value of 14% aCXuperheat degree, Figure 9,
whereas the R233zdE cycle ackeved (12.8)% at the same operating conditions.

Figure 9. Cycle Net Thermal Efficiency for the Lawmperature MinCycle of
the Compound System at (20) °C Superheat Degree
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Conclusions

A compound cycle was suggested and thermally analyzed to imfireve
energy management for the case where different temperature levels of waste
energy are available in the industrial site. This technique of the (CRORC) has
minimized the total energy consumption byg®%o for the lowtemperature level.

This accounts fo2% reduction of total consumed energy when compared to
independent cycles (IRORC) operatidhis technique showed that the first law of
thermodynamics efficiency was improved by B0 for the lowtemperature
mini-cycle. The numerical values of the maycle lowtemperature of the
(CRORQ thermal efficiency for the 800a, R245fa, and RL23 working fluids
were (911)%, 8%, and (8L1)% respectively higher than that of thelB33zdE

one.

The (CRORC) system of -B23/R600a, RL.23/R123, and RL23/R245fa
fluid pairs exhibited higher thermal efficiency than that dfZ3/R1233zdE pair
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by (4.5 6)%, (46)% and (84)% respectively. The corresponding discrepancies
for these pairs in the independent system were higher than that oflI2®&MR
1233zdE pair by 6i 5.5)%, (45)%, and (#5)% respectivelyThe net thermal
efficiency of the compound (CRORC) system fell in the rangel@26 and the
low-temperature minacycle had a range of (44)% for all of the examined
operating conditionsincreasing the superhedégree from 10 °C to 20 °C has
enhanced the thermal efficiency of the compound (CRORC) systeni &)42

The corresponding figures for the 20 °C of the independent (IRORC) system fell
within the range of (21%1)% as they were compared to the results 4C10
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Nomenclature

Parameter Definition

h Fluid specific enthalpy, (kJ/kg)
My Fluid molecular weight, kg/kmol
1 Fluid mass flow rate, (kg/s)

P Fluid working pessure, (bar)

0 Heat transfer rate, (kW)

S Fluid specific entropy, (kJ/kg)

T Fluid temperature, (°C)

W Power, (kW)

Subscription

Parameter Definition

c Critical point

com Compound

cond Condenser

evap Evaporator

ex Expander

g Gas condition

HT High-temperature side
[ Inlet side

ind Independent

is Isentropic

L.T Low-temperature side
n Fluid, normal point
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net Net value

p Feed pump

ref Reference fluid
sup Superheated vapor
t Total

ter Terminal

\Y; Volumetric

Greek Letter

b Deviation gercentage, (%)

£ Heat exchanger effectiveness, (%
¢ Deviation, (%)

n Cycle thermal efficiency, (%)

¢ Characteristic parameter
Abbreviations

Parameter  Definition
CRORC Compound Regenerative Organic

Rankine Cycle

GWP Global Warming Potential

IRORC Independent Regenerative Organic
Rankine Cycle

ODP Ozone Depletion Potential

ORC Organic Rankine Cycle
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What 5G has been and what should 5G+ be?

By Zoran Bojkovig Dragorad Milovanovit, Tulsi Pawan Fowddir&
Mussawir Ahmad Hosanhy

In this work we aim to provide a comprehensive summary of the most inspiring
aspects of 5@obile networks. In addition, we present the latest findings on the
promising 6G technology towards a world of fully digital connectivity. The key
determinants are extreme system performance and combinations of requirements
for new use cases. We study marformance targets beyond 5&Gtwo stages:

5G+ evolution and new 6G step. Relevant technologies considergdmature

for 5G or outside the defined scope are outlined. To justify our vision of future
mobile networks, we point out the need for clos#ialoorations of academia,
standardizing bodies, industrial organizations and governments. The contribution
strategy is gradual evolution and performance enhancement of mobile
communications. Finally, we identify challenges and directions on network
techndogy roadmap toward 6G.

Keywords: wireless communication, mobile broadband,-latency communi
cation, 5G network, 3GPP, 6G vision

Introduction

The new 5G generation of mobile telecommunications systems meet the ITU
R IMT-2020 (International Mobile Tecommunication2020) requirements by
supporting the Internet Protocol (IP) network with higher data rates, larger number
of connections, and considerable lower latency than previous generations
(Bojkovic et al. 2020, Milovanovic et al. 2019, Milovanoeind Bojkovic 2019).

Over the past years, the first complete set of global technical standards has enabled

a basic commercial deployment of 5G mobile networks. Consumers and

businesses are looking to a 5G wireless connection to enable faster downlink/

upink speeds and high quality of service ((
vertical applications of Smart transportation ITS, industrial 10T, eHealth, Smart

cities. The academic community as well as industrial organizations are already

turning their conislerations towards the next generation of mobile communication

termed as 6G (Andrews et al. 2014, Tripathi and Reed 2020, David and Berndt

2018).

With a view of achieving enhanced performance of 5G+ core services we
identified three methods in this worklobile broad bandwidth and low latency
(mBBLL) service will provide a higlguality experience (QOE) in typical
applications of mobile augmented/virtual reality (AR/VR) and holographic
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teleconferencing. Next, massive broadband width machine type (mBBMiGeser
enhances 5G mobile broadband and machine communication in typical application
of tactile 10T. And finally, massive Iovatency machine type (mLLMT) service
enhances ultreeliable and lowlatency communication in typical application of
large scale ingstrial 10T (Dang et al. 2020, Saad et al. 2020).

Objective of the paper is to review evolution of mobile network starts from
the first 1G to newest 5G generation. Next, the main objective in collaborations of
industry experts, academia and internatianganizations is to identify challenges
and directions on network technology roadmap toward 6G. We study new
performance targets beyond 5G in two stages: 5G+ evolution and new 6G step.
The key determinants are extreme system performance and combinations of
requirements for new use cases in terms of functionalites and quality of
experiencePaving the way towards 6G, relevant technologies considered too
immature for 5G or which are outside the defined scope will be included. Finally,
we study three technag milestones for the upcoming years.

Background

Every one to two years there are new 3rd Generation Partnership Project
(B3GPP) releases leading to a constant evolution of cellular communication
systems. A new generation is derived from one of thesedaa general every 10
years or decade. Technology research at the conceptual level along with a vision of
a typical use case and deployment scenario is brought about at the start of every 10
year cycle. The ultimate goal of commercial network deployrisemthieved by
following established research procedures, development of specifications and
finally prototyping of the systems. It is expected that significant improvements
will be achieved with the design of a new generation standard. The evolution of
mobile network starts with the first analog mobile standards termed as 1G, then by
the second generation (2G) standard termed as GSM (Global System for Mobile
Telecomunications), followed by UMTS (Universal Mobile Telecommunication
Systems) which is the temsblogy for the third generation (3G), then LTE (Leng
Term Evolution) which makes up the fourth generation (4G), and finally the
current generation which is 5G as shown in Figur@he future or post 5G
generation is termed as 6G. The implementation ofyEems expected to start
between 2027 and 2030. Larger spectral and energy efficiencies as well as data
rates, lesser latency and improved security, as well as enhanced quality of service
(QoS) are some basic issues that need to be addressed in beyosgsi&n to
make the transition from 5G. Toward 6G systems, all the potential key
performance indicators (KPIs) must be attained by proceeding from the evolution
of 5G systems. 6G communication is still in its infancy and research activities on
6G are in leir initial stages. Several studies will be initiated globally on the
standardization of 6G as from 2020 (HTU2019, Posio 2020, 3GPP Technical
Specification Group Services and System Aspects 2020).
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Figure 1. Development of Data Rate and ApplicatiotMatbile Wireless Networks
through Decades from 1980 to 2030 Years

Increased in spectral and energy efficiencies as well as network reliability and
reduction in communication delays are all the goals set for a successful 5G
communication network. It emp}s the microwave spectrum in the range 3.3
4.3GHz as well as the mmWave band increasing in such a manner data rates up to
10Gbps. It should be noted that BDMA (Beam division multiple access) and
FBMC (Filter bank multicarrier) are used, together withnynaechnologies
integrated into 5G with the final objective to advance the characteristics of a
network. The following 5G components have been implemented with a view to
enhance user experience: Massive MIMO (muHippt and multipleoutput)
systems toincrease spectral efficiency, Software defined networks (SDN) to
provide flexible connections, information content networking (ICN) to reduce
network traffic and network slicing for fast deployment.

5G proposes three major scenarios in its communicatioraith and these are
enhanced mobile broadband (eMBB), ulehable and low latency communi
cations(URLLC) and massive type communications (MMTC). In order to enable
various types of communication links, there are many protocols that have been
implementd in the 5G standard. There are two reasons for this: the first one is
supply, because same techniques still require experimental verification as well as
test in practical situation. Secondly, from the demand point of view, advanced
communication technolags employing different services and devices, despite that
are not fully recognized as being important. Since it is difficult to find solution for
all related problems, 5G is presently viewed as just an initial phase of deployment
in the process of interooection of user devices. Since limitation of radio
coverage in service areas does not exist in 5G global standard, all user devices can
be interconnected from any part of the globe. Therefore, research beyond 5G will
aim to remove the differences betwélea definition and realization surpassing the
existing vision and requirements (Posio 2020).

Presently the deployment of 5G standards for cellular networks is being
considered and both the academic community as well industry are turning their
attention towhat comes next. In practice, it takes around ten years to design,
implement and deploy a novel cellular networking standard. There this is the
perfect time to research promising areas and novel directions for the next decade
thereby laying the foundatiorfer a possible 6G communication standard for
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cellular networks. In transition to 5G, the main innovation from the physical layer
is simultaneously support for variety of applications and services with different
system data rates, delays and reliabilitgureements. This novelty has been
possible by the OFDM (orthogonal frequestiyision multiplexing) technology

as well as by the concept of network slicing and massive MIMO systems that
make use of very large antenna arrays at the base stations (Trnpgd®aed 2020).

5G+ Technology Roadmap

In order to design, implement and deploy the 5G technology it is imperative
to have the collaborations among various industry experts, academia and
international organizations that regulate standards. The maiotiebjef such
collaborations is to identify challenges and directions for cellular network
technologies thereby, flagging the way for providing massive connectivity for
wireless communications. Software defined (SDN) and network function
virtualization (NFV) frameworks have to be with distributed systems software to
enable all 5G+ systems. Other hand of systems aresardntegration, security,
spectral and energy -@ificiency, maintaining service quality, faults tolerance of
any kind. Some drastic upgi& of the whole communication needs to happen by
this year 2020, in order to support the forecasted growth. It is imperative that
industry for future networks participate in 5G and beyond technology roadmap
activity.

The 3rd Generation Partnership Prof&&PP) is a consortium of standards
organizations with technology roadmap of protocols for mobile telecommunica
tions 3GPP system provides Releases with a stable platform to researchers and
developers with a view to implement features at a given irstahthen allow for
the addition of new functionality in subsequent Releases. THZEL'BR0O Release
provides mechanisms create and maintain specifications. 5G implementation so far
(Releasd5) are for public consumer type services. 5G Rele@aseith focuson
industry vertical being finalized only now (June 2020 witm@nth delay from
March 2020). 5G Releadd is scheduled for freeze Sep. 2021 and delivery in
Dec. 2021. Work on 5G Releak® starts in Sept. 2020. 6G ReleaBds expected
around 2025 (38P Technical Specification Group Services and System Aspects
2020).

1 Phasel (3GPP Releasts TR21.915) work began in June 2016 and was
completed in September 2018. The NR sub system is presently being
deployes commercially and it focuses on the eMBB ase.c
1 Phase2 (3GPP Releasts TR21.916) is a major release for the project,
because it wildl bring t-ROBORST(HBRICTI fi cati on
submission (to ITeR WP 5D) for a complete 3GPP 5G system.
Releasdl6 has been put on hold in March 202@hwa targeted date of
June 2020, when complete 5G standards are published.
1 Phase3 (3GPPReleasd 7 TR21.917) focuses mainly on the improvements
of a 5G+ system which already started in December 2019 and scheduled
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for delivery in Dec. 2022. Regarding theladtectural system of 5G, 3GPP
provides ReleasE’ and beyond which has as objective to enhance support
of lloT (Industrial internet of Things) and convergence from wireless or
wired users. Also, the Release 17 and beyond will have to improve support
for multicast and broadcast architecture, proximity services, enhance
provision of multiaccess edge computing, and enhance care of network
automation. With regard to the Radio Access Network (RAN) the
communityof 3GPP, in June 2019, identified many coreaeseareas to

be considered in Release 17. These areas are given as follows:

1. NR-Light: To enable lightweight communications for industrial
sensors and similar applications.

2. lloT and MIMO improvements.

3. Sidelink enhancements for both V2X (Vehitteeverythng) and
public safety.

4. Provision and support to enhance coverage.

5. Extension of 5G NR to operate in frequencies beyond 52 GHz to
be included in Releads. Deadline for Relead8 Stagel not
yet decided, possibly December 2020 or later.

The 5G has beeregloyed with a view to provide drastic increase of wireless
data traffic and support of other usage scenarios. Also, 5G+ and 6G technologies
are anticipated to lengthen 5G competencies. There are many strict requirements
that need to be met for providinggh figures of merit such as increased bit rates
(up to Tbps) and lower delayssuch as pervasive edge intelligence, utassive
machinétype communication, holographic rendering and high precision
communications. These strict requirements take therdiime of energy efficiency,
intelligence, spectral efficiency, security, secrecy and privacy. Machine learning
techniques such as deep and reinforcement learning are applied in the 5G
technology as specific artificial intelligence approaches with a viewlan,
schedule, represent knowledge and provide optimization. This enables to enhance
user experiences and optimize networks more efficiently as well as provide high
quality software applications. For instance, there are manyddatanding
applications gch as massive as well as Industrial IoT (lloT), automatic robotic
platforms including control, sensors and actuators, as well as the integration to
other techniques into cybphysical systems will impose new performance
requirements (Dang et al. 2020).

Performance Indicators towards 6G

5G+ will be implemented with the main objective of reducing latency among
user devices and enhancing reliability for services that extend beyond edge cloud
or private environments. This objective is presently inspirigabse of the
absence of an advanced transport network protocol architecture. Heterogeneous
network segments together with edge fabric may also integrate the 5G+
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environmentand this will facilitate configuration and control of new applications
and servics. It is envisaged that 5G+ will provide data rates in excess of hundreds
of Mbps with delays of less thamis while simultaneously assuming connections
to billions of devices. In order to radically change the living and working styles of
mobile users seices such as entertainmentealth, Industrial 10T, smart cities
and smart transportation have to be incorporated in the verticals of 5G+.

The 6G technology is expected to provide much wider application scenarios
than what 5G+ will do. It is importatd have backward compatibility with the 5G
primary services such as eMBB, mMMTC and uRLLC. 6G will also include novel
services such as holographic communication, personal monitoring, drone taxi,
Internet of robots, etc. One of the most significant apphestis virtual and
augmented reality (AR/VR). On the other hand, holographic communication (HC)
is considered as a high throughput requirement of 6G. In the near future, media
interaction will be transformed from the current plane multimedia to-fidghty
AR/VR and to wireless holographic communication.

As shown in Table 1, new performance targets beyond 5G will be met in two
stages: 5G+ evolution, and new 6G step.

Table 1.Performance Indicators 5G vs. 5G+ vs. 6G

Performance measure 5G 5G+ 6G
Pealdata rata 10-20Gbps 100Gbps 1Tbps
Peruser data rate 1 Gbps 10Gbps >10Gbps
Traffic density 10 Th/s/knf >100Th/s/knf
Connection density 10P/km? 107/km?
Delay ms level 1ms <lms
Mobility 350km/h >1000km/h
Spectrum efficiency 3-5x relative b 4G >3x relative to 5G
Energy efficiency 1000x relative to 4G >10x relative to 5G
Coverage percent 70% 80% >90%
Reliability 99.9% 99.99% >99.999%

Source:Dang et al. 2020.

The energy efficiency, density and data rate is projected to increasd tanfol
6G. Spectrum efficiency and mobility are expected to be enhanced threefold.
Moreover, the latency in 6G will be brought down further to below 5 ms. Rise
from the current 70 percent to 99 percent is expected for the coverage percentage.
Presently thedliability in 5G is 99.9% and this will increase to 99.999% in 6G.
Positioning error will be reduced from the current meter range to the centimeter
range.

The key 6G determinants are extreme system performance and combinations
of requirements for new usases (Figur@, Table2).
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Figure 2. Evolution of 5G Primary Service Classes to Extreme 6G Performances
for Specific Use Cases and Combinations of Requirements for New Use Cases

Table 2. Application Types 5G vs. 5G+ vs. 6G

5G 5G+ 6G
Applications | eMBB Reliable eMBB MBRLLC
URLLS URLLC mURLLC
mMTC mMTC HCS (humarcentric services)
Hybrid MPS (multipurpose services)
(URLLC+eMBB)

Source Tripathi and Reed 2020.

Most of the use cases in 6G are evolving from the emerging 5G system based
applications interms of functionalities and quality of experience. However, 6G
new use cases will combine experience sharing AR/VR and telepresence
applicationsincreasing peuser data rate from 108bps to 1Gbps, peak data rate
from 20Gbps to ITbps, and decreasingir-interface latency from s to
100micros. Remote control applications of eHealth, Indus®yand unmanned
mobility will be combined in new use cases with reliability increase from 99.999%
to 99.99999%, spectrum efficiency 5x from 5G, as well ascieslspeed from
500kmph to 100&kmph. Connecting everything applications of pervasive
connectivity with increase spectrum efficiency 5x from 5G;yser data from
100Mbps to 1Gbps, number devices from ®1pknt to 10 pkn?, as well as
energy efficiency @-100x from 5G.

Paving the Way towards 6G

The immature features that 5G could not support will now be included in 6G
with the relevant technologies. Focusing on the physical layer of a 6G technology
one can find many research opportunities in orderd@ase further the data rates
offered by the 5G. For example, using carrier frequencies abdselAdncluding
even the terahertz bands. The high carrier frequency band will increase the spectral
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channels with bandwidths of several gigahertz to terGH¥ possible. Another
opportunity that 6G can be accommodated is the provision ofdsalution
multiple antenna architectures with digital beamforming to support multiple users
thereby providing higher flexibility than what was provided by 5G. The third
opportunity is to ranvestigate large bandwidths in the context of signal
processing models. Robotics is a characteristic use case of signal processing and
will be found in the factory in the future. Another key research direction for 6G is
machinelearnng toolset. It has been already envisaged that 6G will be
implemented with Atrtificial Intelligence algorithms at all levels. The departure
point in the implementation process would be from the network orchestration and
management to coding and signal pesoag in the physical layer. Furthermore, in
the 6G implementation there would be the manipulation of smart structures and
data mining in the network as well as device level for sehased
communicationsA 6G driving trends and enabling technologies sinown in
Table3.

Table 3. 6G Driven by Innovative Applications and Enabling Technologies

Driving applications  Driving trends Enabling technologies
Combine experience More bits, spectrum, Radio spectrum above@Hz
sharing (multisensory reliability Transceivers with integrated
XR, telepresence) Spectral and energy frequency bands
Remote control and  efficiency Integrate terrest, airborne
autonomous systems From areal to volumetric and satellite networks
Conneadng Convergence of Energy transfer and
everything communication, sensing, harvesting

control and computing Emergence of smart surface

and environments

Due to the unprecedented increase in the number of innovative applications it
is imperative to have a new cellular generation. 6G is no ésnept fact, it will
be created with a set of novel and exciting applications and technological trends
that will shape its performance targets while drastically redefining the core 5G
services.

At the time when 6G systems will be made commercially adeildere will
be further performance enhancements and new use cases added in the applications
and services. To differentiate between the services provided by 5G and 6G there
are three popular 5G use cases that will be provided as evolutionary examples.
These are haptic communication for virtual and augmented reality (VR/AR),
massive 10T integrated Smart City, and automation as well as manufacturing (Hu
et al. 2020, Chen et al. 2018).

1 Haptic communication improves the touch sense of the outdated audio
visual communication over the Internet and is the key to unravel the
prospective of VR/AR. This is of importance because a process of medical
remote surgery requires uksansitive delay of less than 1 ms which is not
yet available in upcoming systems (Bastigal. 2017, Elbamby et al.
2018, Park and Bennis 2018).
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1 In the 5G system IoT has been implemented to make smatrt city a reality.
In a smart city the major constituents such as public utilities, healthcare
and monitoring are exclusively clever and congdediscretely. 6G will
adopt the universal approach in a fundamental way for a Smart city as
compared to 5G.

71 In the industrial sector for any country it is vital to incorporate large
number of robots into automation and transportation. These evolving
corcepts enhance the Industry 4.0 by exploiting mobile, analytics and
cloud. 6G will fully support the industrial sector with massive I0T and Al
capabilities.

6G will transport massive data with advanced computation capability and in
this context Al (artifical intelligence) techniques will be implemented in all
applications and services. Latest research has also geared towards edge cycling
Fog radio access networking (FB@\N) and it has been shown that contents can
be brought closer to user equipment (UB#ipwing for significant reduction in
latency and power consumption.

Conclusions

The 5G system has been successfully standardized and it is being deployed
worldwide. So, it is time to move on. The 6G infrastructure should fill the gap
between 2020+ s@tal and business demands and what 5G can support. Research
on 6G is in the phase of study. We study new performance targets beyond 5G in
two stages: 5G+ evolution and new 6G step. We learnt from the study three
technology milestones for the upcoming geand these are described as follows:

1 Short-term evolution. The deployment of 5G network deployment on a
worldwide basis continues and all applications and services are available in
large cities. To exploit the 5G evolution many vertical solutions ang be
considered. The 6G community has started to collect feedback from the 5G
one.

1 Medium-term evolution. A common discussion platform for frequency
bands is considered for 6G and the architecture as well as the core
technologies for smart networks arangedeveloped. There is increased
share of satellite communications. 5G business and vertical segments are
well developed. The core technologies for 6G are selected and tested (RF,
mmwave, THz, optical). Also, 6G will employ extensive and advanced
signal processing algorithms and applied AI/ML are being evaluated and
compared. Testing and evaluations of the component networks of 6G are
being worked out. Integration work towards experimental 6G testbed is
underway.

1 Long-term evolution. Advanced technologs for smart networks (SN) are
considered. Cybersecurity and AI/ML in SN and 6G verticals are being
exploited. Advanced radio technologies and DSP techniques are considered
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in 6G. Land and satellite networks are being integrated. Companies and
business siin the field are increased significantly.

To justify our vision of future 5G+ networks, we point out the need for closer
connection of academia, standardizing bodies, industrial organizations and
governments in demaratiented roadmap. Also, the advamemt of wireless
communications is highly restricted by basic sciences, especially mathematics and
physics. The contribution strategy is gradual evolution and performance
enhancementechanisms based on investment in more spectral and hardware/
software reources of mobile communications networks.
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Agile-StageGate Approach:
Exploratory Research on the Structure, Rles, and
Responsibilities

By Ali Eljayar & Jeff S Busch

One of the most prominent methodologies gaining recognition in recent years is the
Agile-StageGate approach. The relatively new hybrid model is a combination of the
StageGate and the AgilScrum models. Several companies already using the -Stage
Gate process have recently adopted the AgfifeyeGate approach to improve product
development and project management. However, each of these companies has added
their adjustments and modifications te thew approach in order to accommodate their
specialized needs and to achieve the goals that are unique to their company. Therefore,
no fixed structure or standardized features have been explicitly assigned to this hybrid
approach. Instead, each companystalded on different features and manipulated the
new approach to fit whatever needs arise from moment to moment. This ambiguity leads
to the question of whether the structure, roles, and responsibilities of this new approach
can be defined and if so, hotlvese clear and consistent definitions can improve
productivity, efficiency, communication and market response time. The purpose of this
study is to explore the structure, roles, and responsibilities within this new approach and
to identify patterns that meerge during the product development and project
management processes. The research questions presented were administered and
examined through a qualitative survey. Fiftyo complete responses were collected
from experienced individuals who have varyirgmrees of experience with the Agile
StageGate approach. These findings revealed many similarities and differences between
the structure, roles, and responsibilities of this approach, which were also dependent on
the product and project type being cons@tbrThe most apparent similarities between
roles and responsibilities were found in the case of software products and new product
development projects. The AgitageGate approach has also had a significant and
undeniable impact on team communication padormance and was shown to improve
overall quality and productivity.

Keywords: agile, stagegate, customer, scrum, sprint, hybrid, ideation, combination
products, backlog, retrospective

Introduction

Background of the Agil8tageGate Approach Reaech

The nature of new product development is characterized by complexity and

uncertainty in most cases. Companies are racing to be the most innovative and to
react quickly to market changes. The unpredictable nature of this process places
manufacturersinder highlycompetitive pressure. Organizations are required to
keep their product development systems up to date and maintain a level of
innovation in order to retain high customer satisfaction. Each organization must

"Graduate Student, Portland State University, USA
*Senor Consultant and Adjunct Professor, Portland State University,. USA
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also determine how to introduce theiew product to the market in a relatively
short time while staying within their predetermined budget and scope. The
complexity and uncertainty associated with product development make it difficult
for companies to deliver the product on schedule andnadhdget, all while
maintaining high levels of quality. Therefore, companies must prioritize creativity
in order to continuously adapt to the rapidly changing industry environment by
both modifying and transforming their way of thinking and doing thifidpss
openness to transformation will allow companies to remain adaptive, instead of
solely predictive.

One of the most noticeable methodologies that has gained recognition in
recent years is the AgiBtageGate hybrid approach. Some companies have
adoptedhis hybrid approach to reduce titeemarket and to respond to changing
customer requirements more quickly. The A@bkageGate approach is a
combination of the Stag8ate model and the AgH&crum model, which will be
discussed in detail later. The fiawork of the Stag&ate model is used to
manage New Product Development by following a sequence process and a plan
driven focus, whereas agile models (such as Scrum, used widely in the software
industry) focus more on customer feedback and géort outomes that require
immediate attention.

Statement of the Problem

Several companies that already use the SBaje process have recently
adopted the AgiksStageGate approach for new product development. However,
each of these companies has also add@dstatents and modifications to the
hybrid model in order to accommodate their system needs and to achieve their
ultimate goals. Therefore, there are no fixed structures or standardized features
explicitly assigned to this hybrid approach. Instead, eachpaoynadds on
different features and manipulates the hybrid model to fit their immediate needs.
This research therefore focuses on defining the structures and features of this new
approach as well as identifying the roles and responsibilities associdted ivvit
order to discover consistent definitions that lead to improved productivity,
efficiency, communication and market response time.

Purpose of the Study

Many authors have already discussed different aspects of theSAaije
Gate approach. Howeverfew have outlined the fluid changes in roles,
responsibilities, and structure associated with the hybrid model and the patterns
that emerge when applied to different products and projects. This paper aims to
explore the current version of the AgiitageGate approach when developing
different products (such as software, hardware, and combination products), as well
as different project types (such as New Product Development, R&D, and projects
that provide a service to customers). This study will focusanpanies that
implement Stag&ate first and then adopt the new approach. This research will
also identify the recurring structures, roles, and responsibilities that define this
hybridapproach.
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Research Questions

This project will address five researduestions (listed below) to outline
exactly what will be coverei the research and how the purpose of this study will be
fulfilled.

RQ1: What is the structure of the AglitageGate approach when applied to
the different products (software, hardwased a combination of both) and
within different projects (New Product Development, R&D, and a project that
provide a service to customers)?

RQ2: What team roles are instituted by companies that use theSAaije
Gate approach?

RQ3: What are the responities of each team role when the Agiitage
Gate approach is in use?

RQ4: What effect does the AgifstageGate model have on project team
quality, specifically pertaining to 1) communication and 2) coordination?
RQ5: What is the lonterm strategy andision of each company that applies
the Agile StageGate approach?

Assumptions and Limitations

Although this paper will provide a brief overview of both Agile and Stage
Gate models separately (including the structure, roles, and responsibilities of
eah), the main focus will remain on the structure, roles, and responsibilities
associated with the Agi8tageGate hybrid approach. In addition, the associated
benefits and improvements produced by adopting the hybrid model will remain a
focal point. The in is not to focus on the details of each separate model, nor how
each stage or sprint is functioning individually. Instead, the organization and
communication of team dynamics will be examined, along with how each
different type of team operates withiretproject team as a whole and within the
rest of the organization

Literature Review

In this section, established information from current and previous research
will be presented regarding the Stdgate, AgileScrum and AgileStageGate
project managment methods, which is the main focus of this paper. This section
also will provide extensive information from different industry papers about what
has already been examined regarding the AjidgjeGate approach in terms of
the structures, roles, andspensibilities of this approach, along with project team
organization and resources for each implememntetod.

StageGate Models
The Structure and Principle of Sta@ate Models

The StageGate approach was adopted by industries waitd around 1990.
Since then, it has become a wealown model used to manage New Product
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Development. The model is designed to move a new product from idea to launch
(Cooper 1990)It aims to drive new product projects to the market, both quickly
and effectively. Themodgls st ructure is made up of
stage composed of a set of prescribed dwssional and parallel activities
(following a typical 5stage/sgate process, as shown in Figure 1).

In each stage, the project team members execute dask$ake action to
move the project forward. The necessary pieces of information related to each
stage are compiled and monitored closely in order to reduce risk and uncertainty
(Cooper 2006)A gate follows each stage, at which time a Go/Kill decision is
made. Each of these gates also serves as a checkpoint and a function of quality
control to ensure that the project is executed correctly. Over the past few decades,
StageGate models have evolved from a simple linear process to a more dynamic
and integragd process that can quickly respond to market changes and customer
needs \(Vhite 2008)

Figure 1.Flow of a Typical Stag&ate Model

Gote Go to
s m
Gate 1 Gate 3 Gate 4 Gate 5 PLR

Gate 2

Discovery: Stage 2:

| Staged: |
idea Srage 1: Build Stage 3: Srage 5:
Testing & Launch

1

|
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|

Business |

Generation Scoping e | Development | ictation

. - " ‘ ’ | ~

|
|
|

The Customer or User
Source:Cooper 2010

The phase oDiscovery is designed to discover business opportunities and
provide new ideas.

1. Scopng: The primary purpose of this stage is to build a robust
understanding of the project and define the general scope of the product
(Cooper 2015, 2010)

2. Building a business caseThe selected ideas are tested and developed in
regards to technical, finaatj market and operational aspects. This phase
aims to ensure that the product is feasible and corresponds to the market
requirements. A more detailed anddepth investigation takes place,
justifying the project and planning a robust business ¢2sep@ 2015,

2010)

3. Development:At this point, a specific criterion for the new product must

be met in order to move into this stage. The project team develops a
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detailed design of the new product and the result of this stage is a lab
tested producitGooper2015, 2010)

4. Testing and validating: A complete paradigm is tested and validated in
this phase to determine if there are any required changes before moving
on to the last stage. Marketing and branding validation is also checked
and testedGooper 2015, 2@).

5. Launch: In this stage, the commercialization process begins with a full
operation of production. The market and distribution plans are executed
and the project team is now ready to launch the prodieiger 2015,

2010)

6. Gates:Before each stage, thasea gate where a Go/Kill and prioritization
decision is made. These gates serve as quality control checkpoints to
ensure that the product has successfully met the six proven criteria, which
include 1) Strategic Fit, 2) Product and Competitive advanBdéarket
Attractiveness, 4) Technical Feasibility, 5) Synergies/Core Competencies
and 6) Financial Reward. By applying these criteria, any mediocre
projects are culled out at each gate. These gates are usually monitored and
controlled by senior managen®rn different functions. They are called
the gatekeepers and they own the resources required by the project leader
and team for the next stagéooper 2015, 2010)

StageGate Roles and Responsibilities

Project team members in all organizations and pjeeed to thoroughly
understand their roles and responsibilities in order to complete their specific tasks
and participate effectively in the project development. Roles and responsibilities
are an imperative component of the Stégge model and are codsred to be
one of the five primary artifacts of the Ste@ate approach. In his booW/inning
at new products Dr. Cooper, who introduced the Sta@ate model for the first
time in 1986, outlines the specific roles that are vital to the success ohatee St
Gate model. These include Project Team Members, a Project Leader, a Project
Manager (optional), Gatekeepers, a Process Manager, and an Executive Sponsor
(Cooper 2011)

Project Team is made of members from different departments (such as
technical, markting, operations, and sales) who come together to create a
crossfunctional team. Usually, the team starts the project and is accountable
for accomplishing their individual tasks, and the project deliverables within
the designated time frame.

Project Leader is a member of the Project Team and plays a critical part in
terms of leading by promoting the project, managing resources, and handling
the external interfaces of the project with senior management.

Project Manager is an optional role for the small@roject because the
Project Leader is also able to act as Manager. The responsibility of the Project
Manager is to ensure that the project functions well, and the project team
utilizes the project management tools and methods appropriately.
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Gatekeepersform a crosgunctional group that is usually made up of senior
management. This group owns the resources for the project and makes the
Go/Kill and prioritization decisions.

Process Manageris assigned by 72.2% of manufacturing companies to
supervise the gaig system and to ensure that the Project Teams understand
and maintain the process and its practic@eoper 2011) The Process
Manager may also facilitate gate meetings, coach teams, and provide training.
Executive Sponsorrole is activated for largergects and is usually a
member of the senior management. This role serves to mentor and guide the
Project Team and advise the Project Leader. The Executive Sponsor can also
overlap roles by simultaneously acting as a Gatekeeper.

Project Team Organizath and Resources

Providing the Project Team with sufficient resources and the right
organizational structure will strongly influence project outcomes. Having
dedicated resources that are available fortiimé use is one of the most critical
factors forproducing practical product innovation, as seen in Figure 2, 58.6% of
the best innovators have dedicated resources for product development, while
48.3% have a focused crdsmctional group (made up of marketing, operations,
and R&D departments). Overaly focused Project Team that makes use of
available resources has been proven to have a strong positive impact on
performancéCooper 2011)

Figure 2. Impact of Project Team Focus and Dedicated Resources on Performance
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ce Cooper 2011.

The organizéonal structure and composition of the Project Team dramatically
determine the success of product innovation, which includes the identification of
roles, responsibilities, and assigned tasks. The product innovation process is not
the mission of only oneiwdsion; it is multidisciplinary, crosunctional work. As
shown in Figure 3, more than 79% of the best innovators have &umossnal
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team with clearly assigned individuals and an identifiable Project Le@depér
2011)

Figure 3. Impact of New Ryduct Development on Innovation and Performance in
Project Teams
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Agile Project Management

New management techniques have emerged in the latter part ofthe 20
century as a response to the internet revolution and its assoeieteolbgies.
This evolution raised the criteria for successful projects. Companies are now
required to not only produce higjuality products but to produce them rapidly.
This evolving global economy is characterized by 1) a high degree of uncertainty
in business projects, 2) an increase in customer desire for speed, and 3) a quick
response to market changég¢hjte 2008)

Organizations and project managers must be equipped with persuasive
techniques (such as Agile project management) in order to havéilibhe ta
adjust quickly and respond to business needs. Agile project management is based
on the twelve principles from The Agile Manifesto that was first introduced in
2001. Agile project development relies heavily on the concept cbgihized
teams,who work closely with customers and collaborate between multiple
functions throughout many iterations. The focus is on the adaption of changes as
the project progressesliger 2011) Agile project management aims to help
companies maneuver the reality @intinuous change by allowing the project
team to work closely with customers, define their requirements, and incorporate
changes throughout the project life cy@ider 2011) Agile project management
is also considered to be a better way to overseadle problems associated with
traditional project management techniques (such as Waterfall) when managing
large IT projectsCQooper and Sommer 2016a)
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Applying Agile Methods through Scrum

In 1981, Ikujiro Nonaka and Hirotaka Takeuchi first identified Sesum
approach in the Harvard Business Review in a piece titled, "The New New
Product Development GameCdoper and Sommer 20163he authors utilized
the sport of rugby as a metaphor to show the effectiveness-ofgaifized teams
in innovative producdevelopment and delivery. Jeff Sutherland, Ken Schwaber,
and Mike Beedle applied this method to their field of software development at
Easel Corporation in 1993, which became the Scrum frame&tgler 2011)

Scrum is a dominant agile methodology anithisnded to guide teams in the
form of iterative and incremental delivery of a product. 42% of organizations use
Scrum, while another 54% of companies combine it with other techniques (Scrum
Alliance 2015). The Scrum approach focuses on the use of annepel
process that allows the team to respond rapidly, effectively, and efficiently to
market changes and customer needs. The Scrum framework is based on the idea
that fixed timeframes and costs will best control project requirements. In contrast,
traditional project management methods use fixed requirements to control time
and cost. The Scrum framework consists of Sprints, Product backlog, Sprint
Backlog, Sprint Planning meeting, Backlog Tasks, and Daily Scrum Meeting, as
shown in Figure 4Vedsmand eal. 2016)

Figure 4.Important Elements of the Agif&crum Method for IT Projects
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Figure 6: The important elements of the Agile-Scrum method for IT projects

SourceVedsmand et al. 2016

Sprints are the basic units of Scrum methodology. Each is ahimreof
continuous development and test iteration, usually lastidgwleels. The

Sprint can be seen as a container for other Scrum activities, such as the Daily
Scrum daily meeting, Sprint Review, Sprint Planning, and Sprint
Retrospectiveln the case of a big project and a larger team, many sprints can
be run simultaneously oconsecutively $chwaber and Sutherland 2017,
Sliger 2011, Schwaber 2004).

Product Backlog acts as the overall vision and map for product production.
The Product Backlog lists all the product features, functions, and requirements
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necessary to create a finesl product. It is managed by the product owner and
continuously updated based on product progress and customer needs. The
Product Backlog is prioritized based on the development strategy with the
essential items listed firstS¢hwaber and Sutherland 201Sliger 2011,
Schwaber 2004).

Sprint Backlog is a list of chosen items from the Product Backlog that are
developed in each Sprint. The development team agrees on how they will
deliver the requirements for the current Sprint during the Sprint Planning
Meeing. The Sprint Backlog provides a thorough overview of the work that
has been done, along with the remaining work required for completion
(Schwaber and Sutherland 2017, Sliger 2011, Schwaber.2004)

Sprint Planning Meeting is an event where the Scrumrtedetermines how

the team will accomplish the Sprint Backlog tasks. In this meeting, the Scrum
team selects items from the Product Backlog that will be achieved in the
subsequent Sprint. The team will also agree upon the definition of "done™ and
define theSprint goal $chwaber and Sutherland 2017, Sliger 2011, Cooper
and Sommer 2016a)

Daily Scrum Meetingis a daily 15minute meeting facilitated by the Scrum
Master. At this meeting, the development team discusses what they
accomplished in the last 24 hounshat they will do today, and what
challenges they are facing. The daily Scrum meeting is meant to improve
communication, remove obstacles, share knowledge, and make sound
decisions $chwaber and Sutherland 2017, Sliger 2011, Cooper and Sommer
2016a)

Sprint Review is conducted at the end of every Sprint when the delivered
product increment is presented to management and customers. The outcome
of the Sprint Review is a working increment, such as a prototype or a piece of
functioning software. The Produ@acklog is also revised, and the team
provides their input for the following SpriB¢hwaber and Sutherland 2017,
Sliger 2011, Cooper and Sommer 2016a)

Sprint Retrospective is often a thredour meeting for a ormonth Sprint.

The goal of the Sprint Respective is to evaluate the process and implement
the lessons learned into the next Sprint. The Scrum Master is responsible for
facilitating the meeting and ensures that the Sprint process is adequately
adhered togchwaber and Sutherland 2017, Sligerl2@ooper and Sommer
2016a)

Roles and Responsibilities of the Agerum Method

The Scrum team is a muftinctional and selbrganized team. The team
should have all the competencies needed to achieve all tasks for the product
increment. The AgikScrun framework has only three roles: Scrum Master,
Product Owner, and Development Teddliger 2011, Schwaber and Sutherland
2017)

Product Owner owns the Product Backlog and is responsible for
communicatingthe project vision to the team. The Owner focuses
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maximizing the product value and ensures everything is completed during the
Sprint. The Product Owner is also responsible for prioritizing and managing
the Product Backlogliger 2011, Schwaber and Sutherland 2017)

Scrum Master is the keeper of thecSr umés rul es and process.
Master usually facilitates team communication and ensures that the team
operates according to the Scrum rules. The Scrum Master also assists the team
in removing any external obstacles and negotiates with stakeholdermrevh
external to the teans(iger 2011, Schwaber and Sutherland 2017)

Development Teamtypically consists of 3 people who are responsible for
delivering the product requirements that were agreed upon beforehand at the
end of each Sprint. The team idf sganized and etocated, meaning that

they work in the same physical environment. The whole team is accountable
for the Sprint, meaning that they collaborate and help each other to solve
problems $liger 2011, Schwaber and Sutherland 2017)

Integration of the Agile Method into the StaGate Process

The Drive to Adopt the Agil&tageGate Model

As a result of the internal and external challenges faced by the manufacturers
in new product development, the Agi#ageGate has become a practical solution
to overcome these challenges. The high demand from the customers to shorten the
time-to-market, respond faster, and increase the flexibility during product
development also revealed the need for this new approach. Manufacturers have
recognized that the aditional methods are no longer feasible to deal with
challenges evolving from new complexity. Thus, a new approach and mindset are
needed to overcome these challenggoper and Sommer 2016a, Sommer et al.
2015) In recent years, various manufacturingipanies (especially Businebs-
Business organizations) have adopted the AgitgeGate hybrid method in
order to respond to market changes in the industry qui€ldgger and Sommer
2016a, Sommer et al. 2015)

Combining the AgileScrum Approach with faditional Gating Processes

The discussion on whether or not the St@gg¢e and Agile methods can be
successfully combined has already begun. Since identifying successful examples
of this combination is imperative for the future of the hybrid model, alfew
companies have begun to implement the agile methods into their existing Stage
Gate process. For example, Kadstrand Runeson (2005, 2006) studied three
large scale European technology companies, namely Vodafone, Ericsson, and
ABB (Karlstrom and Runesn2005, 2006)These three firms each integrated the
Agile approach into the Staggate process for their IT projects. The results of this
study revealed that the two approaches integrated seamlessly. Also, the new
approach improved the internal team comrioation, planning, and customer
feedback on the early stages, thus proving that the two models were compatible
(Karlstrom and Runeson 2005, 2006)
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Applying the Aqilg StageGate Approach to Physical Products

Although there is a shortage of research #xamines the application of the
Agile-StageGate approach for the development of physical products, one Danish
study chose to focus on five manufacturing companies that integrated Agile into
their StageGate systemGooper and Sommer 2016a, 2016b, Sonehat. 201%
The results of this study positively indicated that the AStiegeGate method
could be successfully implemented for physical products from an operational
standpoint. The study specifically revealed that the hybrid approach improved
efficiency, and reduced work effort by 25% per project and reduced rework by
nearly 20%(Cooper and Sommer 20160)hese five firms also reported that the
new approach increases the visibility of the processes overall, improves team
ownership, and increases mation. In addition, they noted a significant
improvement in the communication within the team and in the coordination across
the entire organizatiofCooper and Sommer 2016b)

Previous Instances of Main Research Questions Addressed by Other Researchers
This section examines what research has been conducted previously regarding

the five main research questions outlined in this paper. The previous research

available is somewhat limited, hence the purpose of thdgepth analysis

presented in this project.odever, all available information found in the literature

has been gathered and outlined below.

RQ1- What is the structure of the AgifstageGate approach when managing
different products (e.g., software, hardware, or a combination of both) and
different projects (e.g., new product development, R&D, or customer service)?

Combining Agile and Stag8ate methods does not necessarily mean
abandoningthe individualized nature of the Sta@ate approach. Instead, the
Agile-Scrum features can be integraiteit the Stag&ate model to maximize the
benefits of both Sommer et al. 2015)The AgileStageGate is most often
implemented during the Development and Testing stages. However, it has been
found that AgileStageGate functions effectively in all stages the project, as
shown in Figure 5(edsmand et al. 2016)

For instance, one case study conducted by Dr. Robert Cooper on a global
company called Thermrdalves (a disguised name) revealed that the Agjiteye
Gate approach should be applied acrossyes@age in order to achieve the
maximum benefit Cooper and Sommer 2016&nother example comes from a
GEMBA Innovation company in Denmark that applied the A§ilegeGate
approach to their version of the ideation and concept stages to great success
(Coper and Sommer 2016apther early adopters of the AgltageGate
approach reported that it could be used in the early stages, but that some
adjustment and modification is still need@boper and Sommer 2016&)gure 6
outlines the structure requiredl ¢ffectively integrate the Agi8&crum model into
the earlier stages of developmevieédsmand et al. 2016)
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Figure 5. Flow of an Integrated AgitStageGate Hybrid Model
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Figure 3:The integrated Agile-Stage-Gate hybrid model - a typical 5-stage, 5-gate Stage-Gate idea-to-
launch system, with Agile built into each of the stages (Source: Cooper & Sommer, IMM, 2016; footnote 6)

Source:https://innovationmanagement.se/2016/08/09/integratijilg-with-stagegate/

Figure 6. Example of the AgitStageGate Approach using Scrum (Including
Early-Stage Sprints)
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Figure 7: En example of the Agile-Stage-Gate® innovation process using Scrum, and showing showing
the early stage sprints

Source:https://innovationmanagement.se/2016/08/09/integraiiilg-with-stagegate/

Although manufacturing companies still tend to modify the ASilggeGate
hybrid to fit their needs and maximize their valuenost of the Agil&Scrum
features that are used in the IT industry (such as the Sprint, Product Backlog,
Sprint Review and Daily Scrum meeting) are still applied when using the- Agile
StageGate model. The AgitStageGate approach introduces a brand mey of
thinking and planning for manufacturing organizations. For instance, when using
the hybrid model, the project team can implement a-g@tethe-fly approach so
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that they only need to expend energy on what is mandatory in the current Sprint or
Stage Cooper and Sommer 2016a)

Unlike the planning process involved in traditional project management
methods, the Agilk&StageGate approach allows the Project Team to plan on the
fly for each Sprint in redime and respond more dynamically to product
improvenent. The hybrid model also enables the team to work more closely with
the customer and receive their feedback on the incremental release of the designs
and prototypes. This increased access to the customer is crucial since the
cust omer 6s \prmary driveafar improvarent, allovang the team to
move product development in the right direction. In the AgilgeGate model,
time-boxedSprints are still applied and last from 2 to 4 weeks, although they may
last longer for big or more complex prots. The Project Team is still required to
produce something physical for the customer and stakeholders at the end of each
Sprint. TheSprint Review occurs at the end of each Sprint with the aim to present
the Sprint result to the customer and management result of this Sprint, the
Scrum team presents a concept, prototype, or even a Voice of Customer study
"something tangible"Gooper and Sommer 2016a)

The Daily Scrum Meeting is one of the AgileéScrum tools that quickly
integrated into the Agil&tageGate approach. This is a short meeting, where the
project team meets every day foii 16 minutes to review the work progress. The
Scrum Master gives every member of the team the opportunity to provide the
status of what they achieved yesterday, whay texpect to do today and to
discuss any future problems they may foresee. During this meeting, the team
collaborates and shares their collective knowledge in order to solve the problem of
the day.

The purpose of th&etrospect Meetingis to improve thetandard way of
doing things. The team members discuss their successes and failures from the
previous Sprint and try to solve the key issues that prevented them from reaching
peak performance. In this meeting, each team member shares their concerns and
suggestions on how to seimprove for the next Sprint.

The AgileStageGate approach adopts most of the Ataum tools. The
Product Backlogis an agile tool that has also been adopted by /SjdgeGate.

The Product Backlog is equivalent to the produefinition (or requirements
specification) in traditional project management. Unlike standard product
definition, however, the Product Backlog does not contain a detailed specification
of the product but rather higtslThegght s
Product Backlog is a dynamic document in which items are prioritized, and the
most crucial obstacle is tackled first.

The Sprint Planning Meeting occurs at the beginning of each Sprint. The
Project Team takes the top priority items from the Pro@aaklog (which is
maintained by the Product Owner) and creates the Sprint Backlog, a list of the
most critical items to be implemented in the current Sprint. The Product Owner
decides what moves to the top of the list, while the team translates thesmitem
clearly defined actions and estimates the time needed to accomplish each task.

Gatesand Stagesare still applied in the Agil&tageGate hybrid approach.

Each Gate acts as a door where the Go/Kill decision is made, which allows a
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project to eithemove on to the next stage, or be rejected and thus discontinued.
The Stages provide a hidggzvel overview of the main phases of the project. Stages
and Gates provide the senior management with the ability to micromanage the
process and also obtain any resgey information about the actions being
implemented and the expected deliverables for each Stage.

The use of Gates is critical in the Agii#ageGate approach, but the question
of whether or not separate Gates should be used for products with hardware
components versus products with software components still remains. Most Agile
StageGate users find that having multiple Gates for different deliverables within
the same project is troublesome and not beneficial. It is more efficient to have one
Gate and om Gatekeeper to control each Stage and make the Kill/Go decisions.
Because of the high level of uncertainty in the early Stages, Gates in the Agile
StageGate approach are more flexible and focus more on what is delivered, not on
the Kill/Go decision struare.

RQ2/RQ3- Roles and responsibilities instituted by companies using the-Agile
StageGate model

In 2016, Cooper and Sommer presented the results of theirRtgieGate
hybrid model case study, which examined two global manufacturing companies
(Cooper and Sommer 2016a)he case study highlighted how these companies
did not adopt all Agilé&Scrum roles but continued to use one or more of the
familiar roles and traditional responsibilities (including Project Leader, Project
Manager, and Team MemberBpr instance, the companies used the title "Project
Leader" instead of "Product Owner" for the individual who was responsible for
leading the project. In the case of more complex, large scale projects, the
companies sometimes had a "Process Manager'semube is similar to that of
the traditional'Project Manager"Although the responsibilities associated with the
rolesdé terms wer e sStageGateapprodch thetites ssed i n
were markedly differeriCooper and Sommer 2016a)

In the Agile-StageGate modelthe Project Leaderis one of the project team
members and is responsible for pushing the project forward to its ultimate goal.
The Leader is responsible for managing the resources and handling the external
interfaces of the projéavith senior management, as well as generating a clear
value proposition and ensuring stakeholder commitment.

The Product Owner owns the Product Backlog and is responsible for
communicating the project vision to the team. The aim of this role is to docus
maximizing the product value and ensure that all necessary steps are completed
within the Sprint. The Product Owner is also responsible for prioritizing and
managing the Product Backlog and works closely with the development team to
ensure they are mayg in the right direction. The Product Owner shares some of
the same responsibilities as the Project Leader in traditional product development.
Some companies prefer to label the rol®wdject Leader asProduct Owner in
order to avoid confusion. In coast, thaesponsibility otthe Project Manager is
to verify that the project is functioning well and that all project management tools
and methods are being employed.
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Many Agile-StageGate users implement th&atekeeper Role at the
leadership level, whicktems from the StagBate system. This role allows senior
management to review the project periodically, kill weak projects, and make
resource commitment decisions so that the project team can secure the funding and
personnel needed to accomplish the gubj The resource commitment is
imperative in terms of accelerating the work and reducing thettinmearket
(Cooper and Sommer 2016dh addition, the Gatekeeper Role allows senior
management to track the projectds progres

The Project/Process Managerand theProject Leader are highly valuable
and essential roles in the AgtitageGate approach. The roles are best split
between two different people, preferably a Product Owner or Project Leader and a
Scrum Master. TheProject Manager or Scrum Master can often support
multiple projects at once, depending on the size and complexity of each project.
When managing smaller projects, the team leader will sometimes take on each role
and act as both a leader and project man&mode and Sommer 2016aBased
on the research results outlined in this paper, the roles and responsibilities in the
Agile-StageGate approach are noticeably different from company to company
and depend primarily on the size and complexity of each projeae ®ach
company tailors this new hybrid approach to fit their specific needs, the
terminology for these roles and responsibilities are inconsistently applied from
company to company and project to project, leaving room for ambiguity and
miscommunication.

RQ4 - What effect does the AgiBtageGate model have on project team
quality, including 1) communication and 2) coordination?

Team communication, coordination, and performance are essential
components to measure when operating under the-B8gigeGae approach. The
project team is ctocated and dedicated to one project with designated project
rooms. The team uses visual, physical scrum boards to produce efficient
developments and better communication. Scrum meetings are conducted daily
within the teams at their Scrum boards and are facilitated by the Scrum Master.
When operating from the AgiStageGate approach, the project team remains
intact for the lifespan of the project to ensure ownership and accountability.
Isolation from other parts of tle@ganization is the main challenge that arises from
having a dedicated team.

In the AgileStageGate approach, the Sprint board is still used to outline the
Sprint Backlog, which lists all the activities and tasks that must be completed
during the SprintThere are many ways to utilize the Sprint board, but the most
common format is to use three columns: -8aj, "Doing”, and "Done". The
Sprint board is a useful tool to track Sprint tasks and to monitor team activities
(Cooper and Sommer 2016a)

The Danishstudy revealed that employing the AgBéageGate approach
reduced work effort by 25% per project, reduced repeated work by nearly 20% and
improved efficiency overallGooper and Sommer 20160he five organizations
that were studied also observed arreéase in the visibility of processes, improved
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team ownership, and overall motivation. Additionally, the manufacturing firms
noticed a significant improvement in the communication within the team and in
the coordination across the whole organization.

In order to measure performance, the Danish researchers created their own
consistent metrics across all five of these companies. These metrics, as presented
in Figure 7, outlines the results of the Danish study and reveal significant
improvements, including &er response time to product changes and customer
requirements. The results also reveal an improvement in team communication,
ownership and project productivity.

Figure 7. Benefits from Implementing the Agi#ageGate Approach (Mean
Scores of 10 Respaents across 5 Firms)
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Source:Cooper and Sommer 2016

The results from the Danish study also align with the AgilgeGate case
studies that Dr. Robert Cooper conducted in the United States in 2016. The
American companies Dr. Cooper studied wereyeaaibpters of the AgilStage
Gate hybrid approach. Each of the five organizations reported an improvement in
product requirement modifications, better team communication and a reduction in
time-to-market response. Although Dr. Cooper's studies are sornémikiad in
scope, when his results are combined with the previous results of the Danish study,
the research strongly suggests that the Agileim method can be seamlessly
integrated into the Stageate system and that the two methods are remarkably
compatible Cooper and Sommer 2016a)

Several manufacturing firms have adapted the Agdeim approach at the
operational levelRommer et al. 20150pplying Agile-Scrum at this level allows
the project team to benefit from the broad range of communicaitbs provided
by the AgileScrum model versus the limited communication styles found in
traditional models, as seen in Figure 8.
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Figure 8. Communication Paths Provided by the A@lerum Model vs. Traditional
Communication Styles
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Source:Cooper and @&nmer 2015.

As seen inFigure 8, a spider communication flow is used in the traditional
methods where the Project Manager remains the focal point for all
communications. This structure strictly limits the amount of communication that
takes place betweeproject members. In contrast, adapting the A8teum
method within the hybrid approach opens up more communication pathways
between team members, which increases the sharing of knowledge and
collaboration within the project tearf@¢oper and Sommer 2016b)

RQ5- What is the londerm company strategy and vision when applying the
Agile-StageGate model?

Most AgileStageGate users keep the Sta@age unchanged at the
managemenlevel and implement AgilScrum at the operational leviglooper
and Sommer@L6a, Sommer et al. 2019)his strategy allows the organization to
manage its portfolio and allows the Portfolio Manager to clearly see the progress
of the project and status of the product backKidgoper and Sommer 2016a)
Using a virtual software todhat creates visual boards further enables companies
to not only manage individual projects but to monitor and control the full project
portfolio in realtime. In addition, these visual boards allow managers to run
analytics across the portfolio of all prots in order to see the actions and types of
tasks being implemented by specific people and departments. Managers are also
able to monitor and control the resource capacity in order to improve project
planning within the portfolio.

In traditional methodsthe Portfolio Manager receives periodical reports on
the projectbds status, which may delay th
time. In contrast, the enhanced capability inherent in the SgilgeGate model
allows potential problems to be immeeisgtidentified so that the required actions
can take place without dela@d¢oper and Sommer 20164AJthough there is still a
limited amount of research that focuses on the performance results achieved when
implementing the Agile&StageGate approach for phical products, the available
research still provides positive evidence that this new hybrid approach reduces
time-to-market and increases the success rate of profgotgpér and Sommer
2016b)
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Learning how to maneuver the uncertainty involved in newduymb
development is crucial to the ultimate success of a product. For innovative
products that use new technology and are new to the market, staying attuned to the
voice of the customer and performing technical assessments or market analyses
does not redwall risk when dealing with the uncertainties that exist prior to the
development stage. Understanding customer needs and values on a deeper level
can technically only be learned through experimentation. The -#prations
process in the AgilStageGae model provides an excellent environment in
which to experiment and test the prototype. The Project Team can begin by first
understanding the product requirements and then envision a technical solution
during the Development and Testing stages of thegrdrhe AgileStageGate
approach also allows the Project Team and the customer to learn more about the
product during the Development and Testing stages, especially for more innovative
products.

Everchanging product requirements pose a significantiectygge when it
comes to new product development. Traditional gating models often struggle to
respond and adapt to these changing requirements, especially by the time they
enter the late stages. In contrast, the ABtlegeGate approach rapidly builds a
prototype via the Sprints, which allows the customer and the Project Team to
implement any necessary modifications in the product design during the
developmenstage at a much lower cost.

Methodology
Research Method

Since the AgileStageGate model is &elatively new approach that has only
recently been adopted by the manufacturing industry, the structure, roles, and
responsibilities have not been clearly defined or standardized. Instead, each firm
adopts and modifies its own version of this hybrid apph. In order to examine
the similarities and differences among companies who have adopted this model in
more depth, a survey was created and conducted in order to investigate the
recurring patterns that emerge when the AgtlegeGate approach is implented.

Survey Design

The survey questions were developed by first reviewing the available
literature on the StagBate method, AgikScrum, and the AgitStageGate
approach, along with a round table discussion with Subject Matter Experts (SME).
to estabsh result expectations. As a result, the survey covers seven main
categories of research questions. This specific survey approach was selected
because obtaining data from participants who have varied experience with
multiple projects and products helpeddefine the structure of the Agiktage
Gate model, as well as the roles and responsibilities involved. The survey has 71
questions divided inteeven groups:
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. Participant experience and knowledge

. Structure and features in the Agi¢ageGate approach

. Project team roles in the AgietageGate approach

. Responsibilities in the AgitStageGate approach

. Communication and teamwork performance in the AS§tEgeGate
approach

. Company strategy for adapting the A¢8tageGate approach

. Agile-StageGate apprach performance rate

O wWNPEF

~N O

Respondents were asked to answer each question by selecting an agree/
disagree statement that ranged from 1 to-St(@ngly disagree,-Risagree, 3
Neutral, 4Agree, 5Strongly agree). For each research question, multiple answers
were presented based on differ@mbduct and Project Typesto understand the
similarities and differences that exist within the AgitageGate approach.

Data Collection and Visualization

The survey was launched online using the Qualtrics tool and dietilon
multiple social media platforms and on several Project Management websites and
was redistributed every three days for one month. The target population was
experts who already had experience with the ABikgeGate approach in the
manufacturing idustry. Following a one month posting, 144 responses were
collected with incomplete responses not considered for the research process.
Using Tableau Desktop Software multiple factors were applied to create specific
charts, such as product and projectetyfphe application of these factors and
variables helped to clearly highlight the elements that affect the implementation of
the Agile StageGate approach within different products and projects.

Respondents
A final 52 qualified respondents became theaalfipool from which the

research results were based upon. Overall, 97% of the respondents were in strong
agreement with all the survey questiassshown in Figure 9.
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Figure 9. Total Percentage of Responses
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those that are using a form of Agiftage Gate have been removed to conserve
publishing print space (Figuresili® were removed).

Results and Anaysis

Figure 16. Percentage of Companies that Implemented the &atee Model
First

Q9- Did your company implement Stage-Gate first before applying Agile?
Q9
) _ )
NO - )

0o 2 4 6 8 10 122 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Number of Respondents

To analyze the results of the six groups of survey questions, specific filters
were applied firstly to respondents who selected "Strongly Agree” to the survey
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questions(see Figure 9), followed by specific factors pertaining the differences
between the structures, roles, and responsibilities and additionally to each group
based on the product and project type that companies manage. A third filter was
applied to the typef project such as New Product Development (NPD), Research
&Development (R&D), and Services. Figure 16 indicates the Percentage of
companies that implemented the St&gpge model first, prior to the application of
Agile. All of the figures referenced b&care provided in the Appendix.

Common Structures and Features in the Ag§iiegeGate Approach

The results (Figure 17) show that the integration of the Agleim model is
not limited to a specific stage. Instead, manufacturing firms apply this model
throughout different stages of the St&gmte model. This finding reveals that the
integrated approach can be implemented throughout every stage. Dr. Robert
Cooper obtained the same results from his AgikgeGate case studies, which
revealed there is nohly a possibility of using the Agi8tageGate model during
Development and Testing but during the earlier stages asWeglsihand et al.
2016)

Common Structures and Features of the AStlgeGate based on Product Type
The results related to thiedaion were filtered based on the product and
project types $oftware, Hardware and Combination) in order to learn more

about the AgileStageGat e structur e. The surveyoés
structure of the AgikStageGate approach varies slightlyepending on the
participantds opi ni o software praducts(Figurafg) e , i n

respondents strongly agreed that companies integrate all the features of Agile
Scrum into the Stag&ate model. This means that the AgiiageGate approach
combines all AgileScrum and Stag&ate structures and features under one
model.

In contrast, the results that were in agreemeritdaiware andcombination
products have a lower percentage overall than for software products (Figures 19
and 20). It woud appear that companies are still determining how to best combine
both models when working with hardware and combination products. Regarding
the implementation of the Agi8crum into different stages, the results based on
the product type show that the iplementation of the Agik$crum model is not
limited to the Development and Testing stages and can effectively be applied to all
stages.

Common Structures and Features based on Project Type

Results filtered by project typeNPD, R&D, and Services) all the
established structures and features are still applied in the hybrid model, but with
different levels of agreement (Figures 21 and 22). Participants 33% of the time
indicated more familiarity integrating the AgittageGate model when managing
NPD projects.

Regardingservice projects, none of the respondents (Figure 23) strongly
agreed that the AgH8crum model is implemented throughout all the stages of the
project. Overall, the results in this section indicate that the early adopters are still
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attemptng to find the best combination of both the St@gee and AgileScrum
models. This result also highlights the room for improvement when it comes to
companies adjusting and modifying the hybrid approach during implementation.

Project Team Composition aitbles within the Agit&tageGate Approach

Figure 24 showed that the Project Team consists of a Product Owner, Scrum
Master and the Development team according to 47% of respondents. 50% of
participants reported that there is also a steering committethainthe project
team is cdocated and dedicated to one project.

The project teambs roles, indicated
Manager, Product Owner, Project Manager, Scrum Master and Business Analyst
are all recurring roles within thgile-StageGate approach.

Project Team Roles in the AgiftageGate Approach based on Product Type

100% of the respondents strongly agreed (Figure 26) that there is always a
Gatekeeper, Product Manager, Product Owner, Project Manager and a Scrum
Masterduring software development and 50% of the strongly agreed on the team
roles associated witHardware products, (Figure 27).

For products that havecambination of software and hardware components
71%strongly agreed that there is always a Product Managde Figure 28) and
64% introduced the Business Analyst as a hybrid role, who takes on the role of the
Project Manager and/or the Product Owner.

Based on the results of the survey, companies appear to adjust the project
team roles based on differembguct types. Therefore, an extensive analysis of the
surveyos results was conducted based
By comparing the results through the filter of product type, it was found that all
the roles have been integrated itte Agile StageGate approach for software and
combination products. The only exception is the Business Analysis role, which
does not get a high level of agreement as seen in Figures 26 and 28. Although the
participants strongly agreed that all these rebsted in the case of software
products, this could potentially create future conflict if the responsibilities are not
identified clearly, leading to impeded efficiency and productivity.

Project Team Roles in the AgitageGate Approach based on Praj&gpe

In New Product Development ProjectgFigure 29), 71% of respondents
strongly agreed that there are always Product Owner and Scrum Master roles,
while 57% strongly agreed that there are always Project Manager and Business
Analyst roles. FOR&D Projects, only 17% of respondents strongly agreed that
there are always Gatekeeper, Product Owner, Scrum Master and Business Analyst
roles in the AgileStageGate approach (Figure 30). In contrast, 0% of the
respondents strongly agreed that these roles ekigtdjects that providservices
to customers(Figure 31).

It was found that the Agi&tageGate approach integrates the team roles
based on the project type normally associated with NPD projects, while in contrast,
roles associated with R&D projects reeel a very low percentage of agreement
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and there was no agreement at all in the case of service projects. Thus it would
appear that the normal roles do not transfer over into services projects and R&D
projects.

Adjusted Project Team Roles after Adogtithe AgileStageGate Approach
(basedbn Productype)

Findings indicate that implementing the AgiéageGate hybrid model
requires organizations to modify aspects of roles and responsibilities to ensure that
individuals achieve their tasks and maximediethe benefits available within this
combination of models. Even more important, organizations must remove any
conflict between roles and ensure there is no interference between the
responsibilities of the project team. Findings indicate (Figure 3Rytmae of the
roles have been adjusted when companies adopted theStagieGate approach.

For example, 100% of participants strongly agree that the Project Manager takes
on most of the Scrum Master role for Software product development while in
contrast(Figure 33) shows that only 25% strongly agree that the Project Manager
takes on most of the Product Owner role for Hardware products.

Adjustments are made to the existing roles in the team roles when adopting
the new approach developing combination poisl For example (Figure 34) 43%
strongly agreed that the Product Manager takes on most of the Product Owner
role, 29% strongly agreed that the Project Manager takes on most of the Product
Owner role and 36% agreed the Project Manager takes on most $¢rtima
Master role, indicating that the roles in the hybrid approach can be slotted into
existing roles.

Adjusted Project Team Roles after Adopting the A8ileageGate Approach
(baseddn Project Type)

For NPD projects, 57% strongly agreed (Figure 35} tha Product Manager
takes on most of the Product Owner role. 50% strongly agreed that the Project
Manager takes on most of the Product Owner role. In the c&&fprojects,

Figure 36 shows that 17% strongly agreed that the Product Manager botbntakes
most of the Product Owner role, and that the Project Manager takes on most of
theScrum Master role. For projects providiggrvices again 0% strongly agreed

on the adjusted roles (Figure 37).

Results of this section show that most of the roles caeabiéy adjusted for
NPD, which differ from the roles applied to R&D and Services projects, indicating
that defining roles is often dependent on the type of project.

Project Team Responsibilities in the AgiitageGate Approach

Respondents 63% of themg (Figure 38) strongly agreed that the
responsibilities of thd’roject Manager are to manage the project in terms of
scope, cost and time using a project plan with defined deliverables, detailed
budgets and a milestone plan and 53% strongly agreed efrotiuct Manager
is responsible for providing a clear, prioritized Product Backlog, keeping track of
feedback and incorporating it as needed into the Product Backlog. Meanwhile,
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55% stronglyagreed that th&crum Master is responsible for facilitating the
Scrum process and communication, as well as tracking team performance.

Project Team Responsibilities in the Ag¢éageGate Approach (based on Product
Type)

Participants strongly agreed that all responsibilities of the project team were
identifiable inthe AgileStage Gate approach and understanding the similarities
and differences of these responsibilities was important. 100% of respondents
(Figure 39) strongly agreed that the responsibilities of Breject Manager
include managing the project in terofsscope, cost, and time using a project plan
with defined deliverables, detailed budgets and milestones and@%4tsirongly
agreed thathe Product Owner is responsible for providing a clear, prioritized
Product Backlog, keeping track of feedback ammbrporating the feedback as
needed into the Product Backlog.

The distribution of responsibilities fétardware products produced different
results as only 25% (Figure 48rongly agreedthat the responsibilities of the
Project Manager include managinghe project in terms of scope, cost and time
using a project plan with defined deliverables, detailed budgets, and milestones.
However, 100% strongly agreed thathe Scrum Master is responsible for
facilitating the Scrum process and communication, as aglkracking team
performance.

For combination products Figure 41) 57% strongly agreedhat the
responsibilities of th€roject Manager include managing the project in terms of
scope, cost and time using a project plan and 50% of participants strongly agre
thatthe Product Owner is responsible for providing a clear, prioritized Product
Backlog, keeping track of feedback. There were 43% that strongly agre#uethat
Scrum Master is responsible for facilitating the Scrum process and
communicatiopas well a tracking team performance.

The hardware product questions had less overall agreement regarding these
responsibilities. However, the participants were in 100% strong agreement on
most responsibilities applied to software produthss leads to the condgion that
project teams working on software products specifically have more defined and
clear responsibilities when operating within the AgitageGate approach.

Project Team Responsibilities in the AgBtageGate Approach (based on Project
Type)

For NPD projects, 64% of respondents strongly agreed that the responsibilities
of theProject Manager are to manage the project in terms of scope, cost and time
using a project plan with defined deliverables, detailed budgets and milestones
(Figure 42), while57% strongly agreed thtite Product Manageris responsible
for providing a clear, prioritized Product Backlog, keeping track of feedback, and
incorporating it as needed into the Product Backlog5&9d strongly agreed that
the Product Owneris responsild for the same tasks as the Product Manager.

For R&D projects, (Figure 43) 33% of respondents strongly agreed that the
responsibilities of th&roject Manager include managing the project in terms of
scope, cost and time with defined deliverables, detailetjets and scheduled
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milestones, whil&0% strongly agreed thdihe Product Owneris responsible for
the same tasks as the Product Managerbs@#@istrongly agreed thahe Scrum
Master is responsible for facilitating the Scrum process and communicaton,
well as tracking team performance.

When analyzing designated responsibilities $&rvice projects 100% of
respondents strongly agreed ttie Scrum Masteris responsible for facilitating
the Scrum process and communication, as well as tracking gegormance
(Figure 44). The results relating to responsibilities in regards to NPD and R&D
projects are robust and it is clear that the responsibilities aredefgled and
decisively assigned.

Communication and Coordination in the Ag8éageGate Appoach

Regarding project team communication, shared values and team coordination
when implementing the Agi8tageGate approach, 55% of respondents (Figure
45) strongly agreed that the approach allows the teahai@ their valuesand
lessonswith the est of the organization and 61% were in strong agreement that
the approachkreateseffective communicationamong project team members.

Project Team Communication and Coordination (based on Product Type)

Overall, there was a substantial level of agreementragards to
communicationand coordination. In the case sftware products 100% of
respondents (Figure 46) strongly agreed that the /AjdgeGate approach
encourages the team to share their values and lessons with the rest of the
organization and@% of participants were in strong agreement that the approach
creates and improves more effective communication and coordination and
improves team ownership and motivation. In contrast, only 25% strongly agreed
that the approach allows the team to bedtere their values and lessons with the
rest of the organization duritgirdware product development(Figure 47).

When developing @roduct that has a combination of component$7%
(Figure 48) strongly agreed that the AgitageGate approach encouragibe
team to share their values and lessons with the rest of the organization, while 64%
were in strong agreement that the approach creates more effective communication.

Findings indicate that adopting the Agi¢éageGate approach has different
results lased on how the model is applied, whether in software, hardware, or
combination productsdt would appear that the approach has a positive impact on
communication, coordination and ownership for software products and improves
each of these areas respedyivén contrast, the approach has less impact when it
comes to improving communication, coordination and ownership for combination
products.

Project Team Communication and Coordination (based on Project Type)

In the case oNPD, 50% of respondents (Figud®) strongly agreed that the
Agile-StageGate approach encourages the team to share their values and lessons
with the rest of the organization, while only 57% were in strong agreement that the
approach creates effective communication within the projeech.td=or R&D
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projects, only 17% of respondents (Figure 50) strongly agreed that the- Agile
StageGate approach encourages the team to share their values and lessons with
the rest of the organization and 33% of participants were in strong agreement that
the gproach creates effective communication within the project team, improves
overall communication and coordination and enhances team ownership and
motivation.

For services projects 100% of respondents strongly agreed that the Agile
StageGate approach enc@ges the team to share their values and lessons with
the rest of the organization (Figure 51). The project type filter revealed that NPD
projects have the best impact on team communication and coordination when
integrated with the approach. We can thuschale that companies are more
familiar with the approach when managing NPD Projects.

Agile-StageGate Tools

Respondent§1% (Figure 52) of the time strongly agreed that if the eross
functional teams cannot be present in one placéitaal meeting tod can be
used in lieu of daily i¥person standps and45% of participants strongly agreed
that the project team hasdaily scrum meeting 53% strongly agreed that the
Scrum Task Boardis still used and2% strongly agreed that ti#&print Review
meeting § still implemented so that the team can demonstrate the completed
features and receive stakeholder feedback.

Aqgile-StageGate Tools (based on Product Type)

When developingsoftware products, 100% of respondents (Figure 53)
strongly agreed that a vidlumeeting tool can be used in place of daitpénson
standups if the crosgunctional teams cannot be present in one place, while just
50% strongly agreed that the project team has a daily scrum meeting and that the
Sprint Review meeting is still appll. For hardware products, 50% of
respondentgFigure 54) strongly agreed that a virtual meeting tool can be used
instead of holding daily person standps if the cros§unctional teams are not
present and 50% strongly agreed that the Scrum Task Bostitl applied in the
Agile-StageGate approach. Focombination products, 50% of respondents
(Figure 55) strongly agreed that if the cr@sctional teams cannot be present in
one place, a virtual meeting tool can be used instead.

Most of the AgileScium tools, such as the Sprint Review meeting and Daily
Scrum Meeting, are still applied in the AgitageGate approach. However,
some modifications do take place, like the possibility of holding a virtual meeting
instead of an Hperson meeting. It seertigt these tools are more applicable when
developingsoftware and combination products with respondents indicating a
very strong agreement that the project team is not isolated from the rest of the
organization during software product development. In astitthe results show
that the project team is somewhat more isolated from the rest of the organization
for other types of product development. Isolation may therefore decrease if
companies dedicate more focus and attention to the project team wherhesing t
approach for hardware and combination products.
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Aqgile-StageGate Tools (based on Project Type)

In the case oRNPD projects, 71% of respondents (Figure 56) strongly agreed
that a virtual meeting tool can be used instead of holding dgilgrison standps
and 64% of participants strongly agreed that the project team has a daily scrum
meeting.

For R&D projects, 17% (Figure 57) strongly agreed that a virtual meeting
tool can be used in lieu of daily-person standps if the cros$unctional teams
are notpresent in one place and 50% strongly agreed that the Scrum Task Board is
still used in the AgileStageGate approach. When analyzisgrvices projects,
0% (Figure 58) strongly agreed that a virtual meeting tool can be used instead of
daily in-person stagitups as well as 0% strongly agreed that the project team has a
daily scrum meeting. When managing different projects, it is essential to identify
what kind of communication tools are most effective within the AgibgeGate
approach. The survey resulisvealed that AgikStageGate tools (such as the
virtual meeting, daily scrum meeting, Scrum Task Board, and Sprint Review
meeting) were used extensively for new product development projects.

Organizational Strategy when Adapting the A@tageGate Aproach

The fifth research question (RQ5) aimed to identify factors that encourage
companies to adopt this relatively new AgiitageGate approach and how this
adoption integrates into their overall company stratéf#o (Figure 59) strongly
agreed thatthe approach allows the company to better deal with uncertain
situations and effectively manage complex projects=&3d strongly agreed that
this approach allows senior management to be more involved with all stakeholders.

Organizational Strategy in thAgile-StageGate Approach (based on Product
Type)

In the case o$oftware products 100% (Figure 60) strongly agreed that the
Agile-StageGate approach allows the company to better deal with uncertain
situations and effectively manage complex project% S@ongly agreed that this
approach allows senior management to be more involved with all stakeholders and
100% strongly agreed that this approach more effectively integrates the voice and
needs of the customer throughout every step of the process.

In the case ohardware products, only 25% (Figure 61) strongly agreed
with most of the statements in this section wiib86 strongly agreed that Agie
StageGate is an efficient approach that allows companies to more quickly respond
to the increasing demandrfnew and innovative products. In contrési%
(Figure 62) strongly agreed that the approach allows the company to deal with
uncertain situations and effectively manage complex projects for products with a
combination component and3% strongly agreed #t this model allows senior
management to be more involved with all stakeholders.

It can be concluded that the AglktageGate approach is markedly beneficial
in terms of allowing senior management to be more involved with all stakeholders
and helping companies to retain control over projects on both the strategic and
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executive levels. The hybrid model also seems to enable companies to respond
quickly to market changes and align the projects with the company strategy.

Most participants strongly agreed tbhampanies can achieve excellent results
on very critical goals using the hybrid approach, such as handling uncertain
situations and managing complex projects effectively. In the case of software and
combination products, participants also strongly agthad this new approach
enables companies to respond quickly to market changes and gives them the
ability to align projects with the company strategy. It can therefore be concluded
that companies managing software products have an excellent chance te achiev
results in line with their longerm strategy by adopting the AglitageGate
approach.

Organizational Strategy in the AgifttageGate Approach (based on Project Type)
In the case oNPD, 50% of respondents (Figure 63) strongly agreed that the
Agile-StageGate approach allows the company to better handle uncertain
situations, effectively manage complex projects and allows the senior management
group to be more involved with all stakeholde&s5g% strongly agreed it helps
companies overcome the chaties of developing smart and connected products
at a lower price point andl% strongly agreed that this approach provides the
company with the ability to align the proj
For R&D projects findings reveal that the level of agment on each
guestion related to organizational strategy is less extreme and most responses were
at or under 50% (Figure 64) when compared to the results of the NPD section. For
example, 50% of participants strongly agreed that the AgdgeGate apprach
allows senior management to be more involved with all stakeholders.
When it comes t&ervices projects it was strongly agreed (Figure 65) that
the new approach is more efficient and allows companies to respond more quickly
to the increasing demand foew and innovative products. Based on the project
type analysis, the Agit§tageGate approach has promising results when it comes
to i mproving the companyds strategic goal s
goals of aligning projects with the commpy's strategy during new product
development projects.

Agile-StageGate Performance Rate

To measure the overall achievement when implementing the-3igitge
Gate approach, criteria such as productivity, prioritization and reducedotime
market were sed to measure the effectiveness of this approach based on
participant's experienceb3% of respondents (Figure 66) strongly agreed that the
approach enables companies to reduce -tirmearket and improve the
prioritization process and@1% strongly agreedhe approach improves product
quality andproductivity, with58% agreeing that profitability increases.

Aqgile-StageGate Performance Rate (based on Product Type)
In the case oboftware products 100% (Figure 67) strongly agreed that the
Agile-StageGateapproach enables companies to reduce-tiamearket, improve
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the prioritization process and productivity as seen in. In addBi@# strongly
agreed that product quality improves and profitability increases. Fbhatteare
products, 50% of the respondds (Figure 68) strongly agreed that the approach
enables companies to reduce titoenarket and0% strongly agreed the approach
improves product quality and overglioductivity. In the case otombination
products, 50% (Figure 69) strongly agreed thédtet Agile StageGate approach
enables companies to reduce timmenarket, while 71% agreed the model
improvesproduct quality angrroductivity.

The survey results reveal that the AgiitageGate approach has beneficial
results when it comes to improvitige prioritization process, product quality and
overall productivity. However, these results are more substantial when the hybrid
model is applied tgoftware and combinationproduct development, rather than
hardware products when comparing Figures 6768ntb Figure 68. It is obvious
from the survey findings that the approach has a positive influence on the
IT/Software industry and may be a result of this industry implementing the hybrid
approach first (before combination and hardware products) andotieehefs had
more time to test the effectiveness of the hybrid model. These promising results
will likely encourage companies to apply the hybrid approach on the hardware
products in the futurekempeneers 2019)

Agile-StageGate Performance Rate (basedRvoject Type)

In the case oNPD, 64% of participants (Figure 70) strongly agreed that the
Agile-StageGate approach enables companies to reducetthmarket and6%
agreed it improves product quality, whilEl% agreed the model improves
productivity and 79% agreed the approach increases profitability.

In the case oR&D projects, 67% of respondents (Figure 71) strongly
agreed that the Agi8tageGate approach enables companies to reducettime
market, improve product quality and productivity whBé% of participants
agreed the model improves the prioritization process and increases profitability. In
stark contrast, 0% of participants (Figure 72) strongly agreed on the items listed
when evaluatingervice projects

After examining the results of thAgile-StageGate, it is clear that the
approach has a significant impact on improving product quality, productivity, and
increasing profitability when firms adopt the approach to maN®je andR&D
projects as seen in Figures 70 and 71. In contrast, ¢#we approach has a lower
percentage when it comes to services projects.

Conclusions

An overview of the standard structure, roles, and responsibilities in the Agile
StageGate approach in which most participants strongly agreed, patterns emerged
from thestudy results and that those consistent patterns improve productivity and
efficiency within the team. Table 1 presents all the structures, roles, and
responsibilities of the AgitstageGate approach that emerge for each product and
project type and alsor@vides the total percentage for each category that the
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participants strongly agreed on. The percentages greater than 50% were highlighted
to identify the most common features when implementing the &gigeGate
approach. The purpose of this table iglentify the differences and similarities of

the AgileStageGate approach when it is implemented to manage different
product and project types. By studying these results, manufacturing firms can learn
how this approach is performing in each category,tyhablems it best solves

and what areas of the hybrid approach still need to be improved.

Tablel.Tot al Percentage of the Main Surveyos
Product type % Strongly agree Project type % Strongly agre

Task group NewProduct

Software | Hardware| Combination Development| R&D | Services
Q7- For what type of projects does
your company use the Agilgtage 70% 25% 5%
Gate approach?
Q8- For what type of products does
your company use the Agilgtage 10% 20% 70%
Gate approach?
B. Common Structurand Features o o o o o o
of the AgileStageGate Model e 25% 42% 48% 31% | 0%
C. Project team roles within the 3 0 o 8 0 o
Agile-StageGate model 60% 17% 47% 56% 19% | 7%
D. Responsibilities in the Agile 64% 43% 49% 56% 20% | 14%
StageGate model
E. Communication and teamwork
performance in the AgilStageGate | 75% 22% 44% 51% 25% 0%
model
F. Organization strategy of adaptin
Agile-StageGate model and 77% 20% 44% 50% 29% | 18%
changes
G. Agile-StageGate rate 80% 40% 61% 70% 60% | 0%
Q67-The AglIeStageQate approach 50% 50% 71% 86% 67% | 0%
improvesproduct quality.
Q68 The Aglle-StageGate approachl 1500, | 59y, 71% 71% | 67%| 0%
improves productivity.
Q69The AgileStageGate approachl 500, | o504 57% 50% | 50%| 0%
improves the prioritization process.
Q?OThe AglIe_Sta_geGate approach 50% 25% 579% 79% 50% | 0%
increases profitability.
Q71The Agile StageGate approacl
enables companies to reduce time| 100% 50% 50% 64% 67% | 0%
to-market.

The result of this research provides strong evidence that the hybrid approach
is a promising model ken it comes to managing combination products. These
findings support most of the research outcomes that were outlined in the literature
review. The study also reveals that the hybrid approach can improve the
managemenbdf Product Development projects aslwThis is a very promising
result for manufacturing firms that are willing to adopt this hybrid approach for
combination products and Product Development projects.

One of the most important findings that has emerged from this study is that
highest bendf that comes from integrating of the Agiierum model is not
limited to a specific stage, from initiation to the final stage. Instead, manufacturing
firms can apply this model throughout all different stages of the -&atgemodel.
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In addition, the stuglshows that most of the Agiecrum features and StaGate
processes are not only effectively applied when the Agile and-Giaigemodels

are combined, but also improve overall performance. Although some companies
prefer to keep some of the traditionales like Project Manager when they adopt

the new approach, the study reveals that the roles in the hybrid approach can be
slotted into existing roles as needed and that companies do not need to hire new
employees for these positions.

My initial assumptio nine months ago before diving deeply into this research
was that the hybrid approach would have the greatest impact when managing
products that have a combination component (software and hardware). However,
the study has revealed that the A@lageGake approach also greatly improves
the efficiency and productivity of software products as well, even though the
benefits of applying this approach are clear based on the survey results,
surprisingly only 10% of manufacturing companies use the hybrid apptoac
manage software products. Perhaps in the future, there will be a higher percentage
of companies that apply the hybrid approach as they will see the direct benefits to
their team communication and market response time.

The hybrid approach has also b@eoven to positively impact many aspects
of the management process, such as increasing productivity and reducitay time
market (specifically in the case of software products). Companies currently use
this approach most often for combination productsreewd product development
projects, according to 70% of participants, as seen in Table 1. There is also a
positive impact on product quality, productivity and profitability when dealing
with combination products and managing new product development projests
operating within this hybrid model. Over .
early adopters are still attempting to find the best combination of both the Stage
Gate and Agilescrum models. This result also highlights how much room there is
for improvement and clarification when it comes to companies adjusting and
modifying the hybrid approach during implementation. The maturity of the hybrid
model has not yet been reached; therefore its full potential is still unknown. It is
clear from the resustof this research that the AglitageGate approach does not
work for every kind of products and projects. More detailed studies should be
conducted to examine the application of the new approach on each type of product
and project that is mentioned mg study.

The focus of this study was on the participants who strongly agree on the
survey questions to best identify patterns that emerge. However, there were still a
significant number of respondents selected "somewhat agree" and these answers
should @ considered in future studies as well. In the future, more studies should
be conducted to investigate why the hybrid approach does not work for projects
that provide service to customers and what should be adjusted in this hybrid
approach in order for tb be the most effective option for companies to manage
services projects.

The AgileStageGate approach was initially created to find a better solution
for complex combination products. This study confirms that the hybrid approach is
in fact the best omin for combination products, but that there is also much
improvement to be gained when applied to software products as well. In
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conclusion, defining the consistent structure, roles, and responsibilities of this new
approach is what led to these findingsd the results provide a roadmap for future
companies that want improved productivity, efficiency and communication within
manufacturing production.
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Appendix
Figures 1615 were not used.

Figure 17. Agile-StageGate Structure within Companies that have Implemented
StageGate First

Question Text Text Responses

M Somewhat disagree

W Neither agree nor disagree
B Somewhat agree

W Strongly agree

Agile-Scrum is implemented throughout all the stages.

All of Agile-Scrum’s features (product backlog, sprint
backlog, daily scrum meeting, sprint review, and
retrospective) are applied when Agile-Scrum and Stage-..

All of Stage-Gate’s pr (ideation, concept, b
case, development, testing, and launch) are applied when
o Agile-Scrum and Stage-Gate merged.

In the Agile-Stage-Gate approach, the number of Stages
and Gates are modified to fit the company’s need (ex.
shortened to 3 gates and stages, instead of 5).

The Agile-Scrum approach is only implemented during
Development and Testing stages.

There is only ever one Gate for each stage to make Kill/Go
decisions, regardless of the number or Sprints.
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Figure 18. Participants Describe the AgiStageGate Structure for a Software
Product

Question Text

Text Responses
I Neither agree nor disagree
W Strongly agree
M Strongly disagree

Agile-Scrum is implemented throughout all the stages. 100%

All of Agile-Scrum'’s features (product backlog, sprint
backlog, daily scrum meeting, sprint review, and
retrospective) are applied when Agile-Scrum and Stage-..

100%

All of Stage-Gate’s processes (ideation, concept, business
case, development, testing, and launch) are applied when
Agile-Scrum and Stage-Gate merged.

100%

In the Agile-Stage-Gate approach, the number of Stages
and Gates are modified to fit the company’s need (ex.
shortened to 3 gates and stages, instead of 5).

100%

The Agile-Scrum approach is only implemented during
Development and Testing stages.

There is only ever one Gate for each stage to make Kill/Go
decisions, regardless of the number or Sprints.
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Figure 19.Agile-StageGate Structure for Hardware Products

Question Text Text Responses

M somewhat disagree

¥ Neither agree nor disagree
M Somewhat agree

W Strongly agree

M strongly disagree

Agile-Scrum is implemented throughout all the stages.

All of Agile-Scrum’s features (product backlog, sprint
backlog, daily scrum meeting, sprint review, and
retrospective) are applied when Agile-Scrum and Stage-..
All of Stage-Gate’s processes (ideation, concept, business
case, development, testing, and launch) are applied when
Agile-Scrum and Stage-Gate merged.

In the Agile-Stage-Gate approach, the number of Stages

and Gates are modified to fit the company’s need (ex.
shortened to 3 gates and stages, instead of 5).

The Agile-Scrum approach is only implemented during
Development and Testing stages

There is only ever one Gate for each stage to make Kill/Go
decisions, regardless of the number or Sprints.
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Figure 20.Agile-StageGate Structure for Combination Products

Question Text Text Responses

W Somewhat disagree

W Neither agree nor disagree
B Somewhat agree

W Strongly agree

M Strongly disagree

Agile-Scrum is implemented throughout all the stages.

All of Agile-Scrum's features (product backlog, sprint
backlog, daily scrum meeting, sprint review, and
retrospective) are applied when Agile-Scrum and Stage-..

All of Stage-Gate's processes (ideation, concept, business
case, development, testing, and launch) are applied when
Agile-Scrum and Stage-Gate merged.

In the Agile-Stage-Gate approach, the number of Stages
and Gates are modified to fit the company’s need (ex.
shortened to 3 gates and stages, instead of 5).

The Agile-Scrum approach is only implemented during
Development and Testing stages.

There is only ever one Gate for each stage to make Kill/Go
decisions, regardless of the number or Sprints.
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Figure 21.The AgileStageGate Structure is Filtered by Project Type

Question Text Text Responses
B Somewhat disagree

Agile-Scrum is implemented throughout all the stages. W Neither agree nor disagree

B Somewhat agree
All of Agile-Scrum’s features (product backlog, sprint I sStrongly agree
backlog, daily scrum meeting, sprint review, and

retrospective) are applied when Agile-Scrum and Stage-..

All of Stage-Gate's processes (ideation, concept, business
case, development, testing, and launch) are applied when
Agile-Scrum and Stage-Gate merged.

=) In the Agile-Stage-Gate approach, the number of Stages
and Gates are modified to fit the company’s need (ex.
shortened to 3 gates and stages, instead of 5).

The Agile-Scrum approach is only implemented during
Development and Testing stages.

There is only ever one Gate for each stage to make Kill/Go
decisions, regardless of the number or Sprints.
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Figure 22.Agile-StageGate Structure for R&D Projects

Question Text Text Responses

B Somewhat disagree

W Neither agree nor disagree
B Somewhat agree

W Strongly agree

Agile-Scrum is implemented throughout all the stages.

All of Agile-Scrum’s features (product backlog, sprint
backlog, daily scrum meeting, sprint review, and
retrospective) are applied when Agile-Scrum and Stage-..

All of Stage-Gate’s processes (ideation, concept, business
case, development, testing, and launch) are applied when
Agile-Scrum and Stage-Gate merged.

- Inthe Agile-Stage-Gate approach, the number of Stages
and Gates are modified to fit the company’s need (ex.
shortened to 3 gates and stages, instead of 5).

The Agile-Scrum approach is only implemented during
Development and Testing stages.

Thereis only ever one Gate for each stage to make Kill/Go
decisions, regardless of the number or Sprints.
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Figure 23.Agile-StageGate Structure for Service Projects

Question Text Text Responses

M Neither agree nor disagree

100% M Somewhat agree

Agile-Scrum is implemented throughout all the stages.

All of Agile-Scrum’s features (product backlog, sprint
backlog, daily scrum meeting, sprint review, and
retrospective) are applied when Agile-Scrum and Stage-..

100%

All of Stage-Gate's processes (ideation, concept, business
case, development, testing, and launch) are applied when
Agile-Scrum and Stage-Gate merged.

100%

=) In the Agile-Stage-Gate approach, the number of Stages
and Gates are modified to fit the company’s need (ex.
shortened to 3 gates and stages, instead of 5).

The Agile-Scrum approach is only implemented during
Development and Testing stages.

There is only ever one Gate for each stage to make Kill/Go
decisions, regardless of the number or Sprints.
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Figure 24. Project Team Composition and Characteristics in the Agisge
Gate Model

Question Text

The Development Team is made up of
cross-functional sub-teams that work together
as one team, regardless of the product&€™s
type or department (whether software or har..

Text Responses

M Strongly disagree

B Somewhat disagree

[ Neither agree nor disagree
B Somewhat agree

. . I Strongly agree
The Development Team is self-directed and

usually has less than 10 members.

o The project team is co-located and dedicated to
one project only.

The project team mostly consists of Product
Owner, Scrum Master and the Development
Team.

There is a steering committee, which consists
of line managers and management
stakeholders.
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Figure 25.Project Team Roles in the AgiBtageGate Approach

Question Text Text Responses

M Strongly disagree

B Somewhat disagree

W Neither agree nor disagree
B Somewhat agree

I Strongly agree

In the Agile-Stage-Gate approach, there is
always a Gatekeeper role.

In the Agile-Stage-Gate approach, there is
always a Product Manager role.

In the Agile-Stage-Gate approach, there is
always a Product Owner role.

In the Agile-Stage-Gate approach, there is
always a Project Manager role.

In the Agile-Stage-Gate approach, there is
always a Scrum Master role.

The Agile-Stage-Gate approach introduces
the Business Analyst as a hybrid role, who
takes on the role of the Project Manager or ..
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Figure 26. Project Team Roles in the AglitageGate Model for a Software
Product

Question Text Text Responses Text Responses

W Strongly agree
M Somewhat agree
W Neither agree nor disagree

In the Agile-Stage-Gate approach, there is

100%
always a Gatekeeper role.

Strongly agree

In the Agile-Stage-Gate approach, there is st |
always a Product Manager role. rengly agres
In the Agile-Stage-Gate approach, there is

always a Product Owner role. 100%

Strongly agree

In the Agile-Stage-Gate approach, there is

100%
) always a Project Manager role.

Strongly agree

In the Agile-Stage-Gate approach, there is

St |
always a Scrum Master role, rongly agras

w
=]
S

The Agile-Stage-Gate approach introduces Somewhat agree
the Business Analyst as a hybrid role, who
takes on the role of the Project Manager or
Product Owner.

Neither agree nor
disagree

50%

o

1
Number of Respondents

n
w

Figure 27.Project Team Roles in the AgitageGate Model when Developing
Hardware Products

Question Text Text Responses

M Strongly disagree

B Somewhat disagree

M Neither agree nor disagree
B Somewhat agree

[ Strongly agree

In the Agile-Stage-Gate approach, there is
always a Gatekeeper role.

In the Agile-Stage-Gate approach, there is
always a Product Manager role.

In the Agile-Stage-Gate approach, there is
@ always a Product Owner role.

In the Agile-Stage-Gate approach, there is
always a Project Manager role.

In the Agile-Stage-Gate approach, there is
always a Scrum Master role.

The Agile-Stage-Gate approach introduces
the Business Analyst as a hybrid role, who
takes on the role of the Project Manager or ..
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Figure 28.Project Team Roles in the AgiBtageGate Modéwhen Developing
Combination Products

Question Text Text Responses

B Somewhat disagree

[ Neither agree nor disagree
B Somewhat agree

M Strongly agree

In the Agile-Stage-Gate approach, there is
always a Gatekeeper role.

In the Agile-Stage-Gate approach, there is
always a Product Manager role.

In the Agile-Stage-Gate approach, there is
@ always a Product Owner role.

In the Agile-Stage-Gate approach, there is
always a Project Manager role.

In the Agile-Stage-Gate approach, there is
always a Scrum Master role.

The Agile-Stage-Gate approach introduces
the Business Analyst as a hybrid role, who
takes on the role of the Project Manager or ..
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Figure 29.Project Team Roles for New Product Development

Question Text Text Responses

M Strongly disagree

M Neither agree nor disagree
B Somewhat disagree

B Somewhat agree

M Strongly agree

In the Agile-Stage-Gate approach, there is
always a Gatekeeper role.

In the Agile-Stage-Gate approach, there is
always a Product Manager role.

In the Agile-Stage-Gate approach, there is
~ always a Product Owner role.

In the Agile-Stage-Gate approach, there is
always a Project Manager role.

In the Agile-Stage-Gate approach, there is
always a Scrum Master role.

The Agile-Stage-Gate approach introduces
the Business Analyst as a hybrid role, who
takes on the role of the Project Manager or ..
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Figure 30.Project Team Roles in the AgiBtageGate Model for R&D Projects

Question Text Text Responses

W Neither agree nor disagree
B Somewhat agree
W Strongly agree

In the Agile-Stage-Gate approach, there is
always a Gatekeeper role.

In the Agile-Stage-Gate approach, there is
always a Product Manager role.

In the Agile-Stage-Gate approach, there is
~ always a Product Owner role.

In the Agile-Stage-Gate approach, there is
always a Project Manager role.

In the Agile-Stage-Gate approach, there is
always a Scrum Master role.

The Agile-Stage-Gate approach introduces
the Business Analyst as a hybrid role, who
takes on the role of the Project Manageror ..
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Figure 31. Project Team Roles in the AgiBtageGate Model for Services
Projects

Question Text Text Responses

M Neither agree nor disagree

In the Agile-Stage-Gate approach, there is
100% M Somewhat agree

always a Gatekeeper role.

In the Agile-Stage-Gate approach, there is
always a Product Manager role.

In the Agile-Stage-Gate approach, there is

100%
~ always a Product Owner role.

In the Agile-Stage-Gate approach, there is
always a Project Manager role.

In the Agile-Stage-Gate approach, there is
always a Scrum Master role.

100%

The Agile-Stage-Gate approach introduces
the Business Analyst as a hybrid role, who
takes on the role of the Project Manager or ..

100%
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Figure 32.Project Team Roles for Software Products

Question Text Text Responses

I Strongly agree
B Somewhat disagree
W Strongly disagree

For companies that have adopted the
Agile-Stage-Gate approach, the Product Manager
mostly takes on the role of Product Owner.

For companies that have adopted the
Agile-Stage-Gate approach, The Project Manager and
© Product Owner roles exist only for the large projects.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Product Owner.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Scrum Master.
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Figure 33. Project Team Roles after Adopting the A@lageGate Model for
Hardware Products

Question Text Text Responses

W Neither agree nor disagree
B Somewhat disagree
M Strongly disagree

For companies that have adopted the
Agile-Stage-Gate approach, the Product Manager

mostly takes on the role of Product Owner. I Strongly agree

B Somewhat agree

For companies that have adopted the
Agile-Stage-Gate approach, The Project Manager and
@ Product Owner roles exist only for the large projects.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Product Owner.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Scrum Master.
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Figure 34. Project Team Roles after Adopting the A@lageGate Model for
Combination Produs

Question Text Text Responses

W Neither agree nor disagree
M Somewhat disagree

W Ssomewhat agree

W Strongly agree

For companies that have adopted the
Agile-Stage-Gate approach, the Product Manager
mostly takes on the role of Product Owner.

For companies that have adopted the
Agile-Stage-Gate approach, The Project Manager and
® Product Owner roles exist only for the large projects.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Product Owner,

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Scrum Master,
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Figure 35.Adjusted Project Team Roles for New Product Development

Question Text Text Responses

W Strongly disagree

For companies that have adopted the B Somewhat disagree

Agile-Stage-Gate approach, the Product Manager

W Neither agree nor disagree
mostly takes on the role of Product Owner.

B Somewhat agree

I Strongly agree

For companies that have adopted the
Agile-Stage-Gate approach, The Project Manager and
~ Product Owner roles exist only for the large projects.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Product Owner.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Scrum Master.
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Figure 36. Project Team Roles after Adopting the A@lageGate Model for
R&D Projects

Question Text

[
n
=
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Text Responses

B Strongly disagree
For companies that have adopted the

Agile-Stage-Gate approach, the Product Manager
mostly takes on the role of Product Owner.

[ Neither agree nor disagree
B Somewhat agree
M Strongly agree

For companies that have adopted the
Agile-Stage-Gate approach, The Project Manager and
~ Product Owner roles exist only for the large projects.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Product Owner.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Scrum Master.
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Figure 37. Project Team Roles after Adopting the A@lageGate Model for
Services Practs

Question Text Text Responses

B Somewhat agree

For companies that have adopted the W Strongly agree

Agile-Stage-Gate approach, the Product Manager
mostly takes on the role of Product Owner.

100%

For companies that have adopted the
Agile-Stage-Gate approach, The Project Manager and
~ Product Owner roles exist only for the large projects.

100%

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Product Owner.

For companies that have adopted the
Agile-Stage-Gate approach, the Project Manager
mostly takes on the role of Scrum Master.

100%
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Figure 38.Project Team Responsibilities within the AgitageGate Approach

Question Text

If there is a Project Manager role, their responsibility is to
manage the project in terms of scope, cost and time using a
project plan with defined deliverables, detailed budgets an..

Text Responses

B Somewhat disagree

M strongly disagree

M Neither agree nor disagree
M Somewhat agree

W Strongly agree

The development team is responsible for estimating, making
‘task commitments, and reporting the daily status to each
other in the daily scrum.

The Kill/Go decision is made by the Gatekeeper through the
Gate after the sprint(s) finishes for each stage.

The Product Manager is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Product Owner is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Scrum Master is responsible for facilitating the Scrum
process and communication, as well as tracking team
performance.

The steering committee and Gatekeeper are responsible for
Kill/Go decisions.
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Figure 39.Project Team Responsibilities for Software Products
Question Text

If there is a Project Manager role, their responsibility is to manage
the project in terms of scope, cost and time using a project plan
with defined deliverables, detailed budgets and a milestone plan.

Text Responses

M Neither agree nor disagree
M Somewhat agree

I Strongly agree

The development team is responsible for estimating, making task
commitments, and reporting the daily status to each other in the
daily scrum.

The Kill/Go decision is made by the Gatekeeper through the Gate
after the sprint(s) finishes for each stage.

The Product Manager is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Product Owner is responsible for providing a clear, prioritized
Product Backlog, keeping track of feedback and incorporating it as
needed into the Product Backlog.

The Scrum Master is responsible for facilitating the Scrum process
and communication, as well as tracking team performance.

100%

2 3

The steering committee and Gatekeeper are responsible for Kill/Go
decisions.

o
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Figure 40. Project Team Responsibilities in the AgiitageGate Approach for
Hardware Products

Question Text

If there is a Project Manager role, their responsibility is to manage
‘the project in terms of scope, cost and time using a project plan
with defined deliverables, detailed budgets and a milestone plan.

Text Responses

M Neither agree nor disagree
B Somewhat agree

M Strongly agree

The development team is responsible for estimating, making task
commitments, and reporting the daily status to each other in the
daily scrum.

The Kill/Go decision is made by the Gatekeeper through the Gate
after the sprint(s) finishes for each stage.

The Product Manager is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Product Owner is responsible for providing a clear, pri
Product Backlog, keeping track of feedback and incorporating it as
needed into the Product Backlog.

The Scrum Master is responsible for facilitating the Scrum process
and communication, as well as tracking team performance.

The steering committee and Gatekeeper are responsible for Kill/Go
decisions.
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Figure 41. Project Team Responsibilities in the AgitageGate Approach for
Combination Products

Question Text

If there Is a Project Manager role, thelr responsibility Is to manage
the project In terms of scope, cost and time using a project plan
with defined deliverables, detailed budgets and a milestone plan.

Text Responses

M Somewhat disagree

W Neither agree nor disagree
M Somewhat agree

W Strongly agree

The development team Is responsible for estimating, making task
commitments, and reporting the daily status to each other in the
dally scrum,

The Kill/Go decislon Is made by the Gatekeeper through the Gate
after the sprint(s) finishes for each stage.

The Product Manager Is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
Incorporating It as needed Into the Product Backlog.

The Product Owner Is responsible for providing a clear, prioritized
Product Backlog, keeping track of feedback and Incorporating it as
needed into the Product Backlog,

The Scrum Master |s responsible for facllitating the Scrum process
and communication, as well as tracking team performance.

The steering committee and Gatekeeper are responsible for Kill/Go
declsions,
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Figure 42.Project Team Responsibilities for New Product Development

Question Text

If there is a Project Manager role, their responsibility is to
manage the project in terms of scope, cost and time using a
project plan with defined deliverables, detailed budgets an..

Text Responses
B Somewhat disagree

W Neither agree nor disagree
B Somewhat agree

The development team is responsible for estimating, making
task commitments, and reporting the daily status to each
other in the daily scrum.

W Strongly agree

The Kill/Go decision is made by the Gatekeeper through the
Gate after the sprint(s) finishes for each stage.

The Product Manager is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Product Owner is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Scrum Master is responsible for facilitating the Scrum
process and communication, as well as tracking team
performance.

The steering committee and Gatekeeper are responsible for
Kill/Go decisions.
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Figure 43. Project Team Responsibilities in the AgiitageGate Approach for
R&D Projects

Question Text Text Responses

If there is a Project Manager role, their responsibility is to W Neither agree nor disagree
manage the project in terms of scope, cost and time using a
project plan with defined deliverables, detailed budgets an.. ¥ Somewhat agree
[ Strongly agree

B Strongly disagree

The development team is responsible for estimating, making
task commitments, and reporting the daily status to each
other in the daily scrum.

The Kill/Go decision is made by the Gatekeeper through the
Gate after the sprint(s) finishes for each stage.

The Product Manager is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Product Owner is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Scrum Master is responsible for facilitating the Scrum
process and communication, as well as tracking team
performance.

The steering committee and Gatekeeper are responsible for
Kill/Go decisions.
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Figure 44. Project Team Responsibilities in the AgitageGate Approach for
Services Projects

Question Text

If there is a Project Manager role, their responsibility is to
manage the project in terms of scope, cost and time using a
project plan with defined deliverables, detailed budgets an..

Text Responses
B Somewhat agree
W Strongly agree

The development team is responsible for estimating, making
‘task commitments, and reporting the daily status to each
other in the daily scrum.

The Kill/Go decision is made by the Gatekeeper through the
Gate after the sprint(s) finishes for each stage.

The Product Manager is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Product Owner is responsible for providing a clear,
prioritized Product Backlog, keeping track of feedback and
incorporating it as needed into the Product Backlog.

The Scrum Master is responsible for facilitating the Scrum
process and communication, as well as tracking team
performance.

The steering committee and Gatekeeper are responsible for
Kill/Go decisions.
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Figure 45.Project Team Communication and Coordination

Question Text Text Responses

B Somewhat disagree

W Strongly disagree

I Neither agree nor disagree
B Somewhat agree

W Strongly agree

The Agile-Stage-Gate approach accelerates the development
process by eliminating any unnecessary tasks.

The Agile-Stage-Gate approach allows the teams to share their
values and lessons learned with the rest of the organization.

The Agile-Stage-Gate approach creates more effective
communication within the project team and the rest of
management.

The Agile-Stage-Gate approach improves team communication and
coordination.

The Agile-Stage-Gate approach improves team ownership and
motivation.

Number of Respondents

Figure 46.Project Team Communication and Coordination for Software Products

Question Text Text Responses

W Strongly agree
The Agile-Stage-Gate approach accelerates the development W Somewhat agree

process by eliminating any unnecessary tasks.

The Agile-Stage-Gate approach allows the teams to share their
values and lessons learned with the rest of the organization.

L)

The Agile-Stage-Gate approach creates more effective

communication within the project team and the rest of 100%
D management.

100%

The Agile-Stage-Gate approach improves team communication and
coordination.

100%

The Agile-Stage-Gate approach improves team ownership and

motivation. 100%
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Figure 47. Project Team Communication and Coordination in the A§tlge
Gate Approach for Hardware Products

Question Text Text Responses

@ Strongly agree

B Somewhat agree

W Neither agree nor disagree
B Somewhat disagree

M Strongly disagree

The Agile-Stage-Gate approach accelerates the development
process by eliminating any unnecessary tasks.

The Agile-Stage-Gate approach allows the teams to share their
‘values and lessons learned with the rest of the organization.

The Agile-Stage-Gate approach creates more effective
communication within the project team and the rest of
management.

The Agile-Stage-Gate approach improves team communication and
coordination.

The Agile-Stage-Gate approach improves team ownership and
motivation.
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Figure 48. Project Team Communication and Coordination in the Agtlge
Gate Approach for Combination Products

Question Text Text Responses

M Somewhat disagree

W Neither agree nor disagree
M Somewhat agree

W Strongly agree

The Agile-Stage-Gate approach accelerates the development
process by eliminating any unnecessary tasks.

The Agile-Stage-Gate approach allows the teams to share their
values and lessons learned with the rest of the organization.

The Agile-Stage-Gate approach creates more effective
communication within the project team and the rest of
managamant.

The Agile-Stage-Gate approach improves team communication and
coordination.

The Agile-Stage-Gate approach improves team ownership and
motivation.
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Figure 49.Project Team Communication @&oordination for New Development
Products

Question Text Text Responses

M Strongly disagree

M Somewhat disagree

M Neither agree nor disagree
B Somewhat agree

@ Strongly agree

The Agile-Stage-Gate approach accelerates the development
process by eliminating any unnecessary tasks.

The Agile-Stage-Gate approach allows the teams to share their
values and lessons learned with the rest of the organization.

The Agile-Stage-Gate approach creates more effective
communication within the project team and the rest of
management.

The Agile-Stage-Gate approach improves team communication and
coordination.

The Agile-Stage-Gate approach improves team ownership and
motivation.
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Figure 50. Project Team Communication and Coordination in the A§tlge
Gate Approach for R&D Projects

Question Text Text Responses

B Somewhat disagree

W Neither agree nor disagree
B Somewhat agree

I Strongly agree

The Agile-Stage-Gate approach accelerates the development
process by eliminating any unnecessary tasks.

The Agile-Stage-Gate approach allows the teams to share their
values and lessons learned with the rest of the organization.

The Agile-Stage-Gate approach creates more effective
communication within the project teamand the rest of
management.

The Agile-Stage-Gate approach improves team communication and
coordination.

The Agile-Stage-Gate approach improves team ownership and
motivation.
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Figure 51. Project Team Communication and Coordination
Gate Model for Services Pegjts

Question Text

in the Agikge

Text Responses

B Somewhat agree
The Agile-Stage-Gate approach accelerates the development W Strongly agree
process by eliminating any unnecessary tasks.

The Agile-Stage-Gate approach allows the teams to share their
values and lessons learned with the rest of the organization.

The Agile-Stage-Gate approach creates more effective
communication within the project team and the rest of
management.

The Agile-Stage-Gate approach improves team communication and
coordination.

The Agile-Stage-Gate approach improves team ownership and
motivation.

)
o
N

Number of Respondents

Figure 52.Implemented Tools in the AgiBtageGate Approach

Question Text Text Responses

Inthe Agile-Stage-Gate approach, a virtual meeting tool
can be used instead of holding daily in-person stand-ups
if the cross-functional teams cannot be present in one
place.

Inthe Agile-Stage-Gate approach, the project team has a
daily scrum meeting.

Inthe Agile-Stage-Gate approach, the project team is
isolated from the rest of the organization.

Inthe Agile-Stage-Gate approach, the Scrum Task board
is still applied to track the progress of the tasks for each
feature.

Inthe Agile-Stage-Gate approach, the Sprint Review
meeting is still applied so that the team can demonstrate
the features that were completed and to get the
stakeholders feedback.

Inthe Agile-Stage-Gate approach, thereis a
communication between the cross-functional teams
outside the daily meeting.
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H strongly disagree

@ Neither agree nor disagree
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Figure 53.Agile-StageGate Tools for Software Products

Question Text

In the Agile-Stage-Gate approach, a virtual meeting tool
can be used instead of holding daily in-person stand-ups
if the cross-functional teams cannot be presentin one
place.

In the Agile-Stage-Gate approach, the project team has a
daily scrum meeting.

In the Agile-Stage-Gate approach, the project team is

isolated from the rest of the organization.
100%

In the Agile-Stage-Gate approach, the Scrum Task board
is still applied to track the progress of the tasks for each
feature.

Q9/ Q8

100%

In the Agile-Stage-Gate approach, the Sprint Review
meeting is still applied so that the team can demonstrate
the features that were completed and to get the
stakeholders feedback.

In the Agile-Stage-Gate approach, thereis a
communication between the cross-functional teams

outside the daily meeting. 100%
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Figure 54.Agile-StageGate Tools for Hardware Products

Question Text

In the Agile-Stage-Gate approach, a virtual meeting tool
can be used instead of holding daily in-person stand-ups
if the cross-functional teams cannot be present in one
place.

In the Agile-Stage-Gate approach, the project team has a
daily scrum meeting.

In the Agile-Stage-Gate approach, the project team is
isolated from the rest of the organization.

Q9 / Q8

In the Agile-Stage-Gate approach, the Scrum Task board
is still applied to track the progress of the tasks for each
feature.

In the Agile-Stage-Gate approach, the Sprint Review
meeting is still applied so that the team can demonstrate,
‘the features that were completed and to get the
stakeholders feedback.

In the Agile-Stage-Gate approach, there is a
communication between the cross-functional teams
outside the daily meeting.
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Figure 55.Agile-StageGate Tools for Combination Products

Question Text

In the Agile-Stage-Gate approach, a virtual meeting tool
can be used instead of holding daily in-person stand-ups
if the cross-functional teams cannot be present in one
place.

In the Agile-Stage-Gate approach, the project team has a
daily scrum meeting.

In the Agile-Stage-Gate approach, the project team is
isolated from the rest of the organization.

Q9 / Q8

In the Agile-Stage-Gate approach, the Scrum Task board
is still applied to track the progress of the tasks for each
feature.

In the Agile-Stage-Gate approach, the Sprint Review
meeting is still applied so that the team can demonstrate
the features that were completed and to get the
stakeholders feedback.

In the Agile-Stage-Gate approach, there is a
communication between the cross-functional teams
outside the daily meeting.
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Text Responses

M somewhat agree
M strongly disagree
[ strongly agree

Text Responses

M strongly disagree

I Neither agree nor disagree
M Ssomewhat disagree

M somewhat agree

I strongly agree

Text Responses

M strongly disagree

[H Neither agree nor disagree
W somewhat disagree

M Somewhat agree

[ strongly agree
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Figure 56.Agile-StageGate Tools for New Product Development

Question Text

In the Agile-Stage-Gate approach, a virtual meeting tool
can be used instead of holding daily in-person stand-ups
if the cross-functional teams cannot be present in ene
place.

In the Agile-Stage-Gate approach, the project team has a
daily scrum meeting.

In the Agile-Stage-Gate approach, the project team is
[ isolated from the rest of the organization.

In the Agile-Stage-Gate approach, the Scrum Task board
is still applied to track the progress of the tasks for each
feature.

In the Agile-Stage-Gate approach, the Sprint Review
meeting is still applied so that the team can demonstrate!
the features that were completed and to get the
stakeholders feedback.

In the Agile-Stage-Gate approach, thereis a
communication between the cross-functional teams
outside the daily meeting.
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Figure 57.Agile-StageGate Tools for R&D Projects

Question Text

In the Agile-Stage-Gate approach, a virtual meeting tool
can be used instead of holding daily in-person stand-ups
ifthe cross-functional teams cannot be present in one
place.

In the Agile-Stage-Gate approach, the project team has a
daily scrum meeting.

In the Agile-Stage-Gate approach, the project team is
N~ isolated from the rest of the organization.

In the Agile-Stage-Gate approach, the Scrum Task board
is still applied to track the progress of the tasks for each
feature.

In the Agile-Stage-Gate approach, the Sprint Review
meeting is still applied so that the team can demonstrate
the features that were completed and to get the
stakeholders feedback.

In the Agile-Stage-Gate approach, thereis a
communication between the cross-functional teams
outside the daily meeting.
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Figure 58.Agile-StageGate Tools for Service Projects

Question Text

In the Agile-Stage-Gate approach, a virtual meeting tool
can be used instead of holding daily in-person stand-ups
if the cross-functional teams cannot be present in one
place.

100%

In the Agile-Stage-Gate approach, the project team has a

. X 100%
daily scrum meeting.

In the Agile-Stage-Gate approach, the project team is
~ isolated from the rest of the organization.

100%

Inthe Agile-Stage-Gate approach, the Scrum Task board
is still applied to track the progress of the tasks for each
feature.

100%

In the Agile-Stage-Gate approach, the Sprint Review
meeting is still applied so that the team can demonstrate)
the features that were completed and to get the
stakeholders feedback.

100%

In the Agile-Stage-Gate approach, thereisa
communication between the cross-functional teams
outside the daily meeting.

100%
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B Somewhat disagree

M Strongly disagree

W Neither agree nor disagree
B Somewhat agree

I Strongly agree
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Figure 59.0rganizational Strategy when Adopting the A§gtageGate Approach

Figure 60. Organizational Strategy Using the AglitageGate Approach for
Software Products

Figure 61. Company Strategy for AgietageGate Approach for Hardware
Products
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