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Abstract

This is a longitudinal study of the prototyping pess introduced to develop a new
service: remote assistance in a military contehts Torm of prototyping is original on
several accounts and contrasts significantly wigh ¥ision and prescriptions of Rapid
Prototyping. We demonstrate that it allowed i) é&meergence of a technical solution, ii)
evolution of the value proposition, and iii) thevd®pment of a rich and structured
ecosystem for the service.

Keywords: Complex services, service design, service protogypservice value
proposition, service ecosystem, remote assistaase, study, longitudinal case

Résumé

Cet article présente un cas d’étude longitudinshoant le processus de prototypage
mis en place afin de développer un nouveau seocdoglexe : la téléassistance dans le
domaine militaire. Ce prototypage est original @spurs titres et s'inscrit en contraste
avec la vision et les prescriptions @ypid prototyping Nous démontrons qu’il a permis,
pour le service i) I'émergence d’une solution teghe, ii) une évolution de la proposition
de valeur et iii) de structurer et de développevénitable écosystéme.
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INTRODUCTION

This article describes the initial steps in develgm new service: remote assistance
in a military context. More specifically, we showvi an atypical prototyping process has
been used to enable co-design of the service. fypitg is highly complex at different
levels, and we argue that prototyping is a wayesiponding to what Lynn Shostack
(1992, p.75) calls one of the most difficult asgeat dealing with a service: describing
it. Indeed, it is the immaterial nature of serviegsl their co-production with users that
makes the prototyping process more complex. Eveahefliterature emphasizes the
importance of “design and testing” at differentgets of the innovation process.g.
Scheuing & Johnson, 1989; Lovelock, 2004), theieleck of in-depth case studies that
could help us understand the specificity of prgbatg in services.

Thomke’s (2003) in-depth study of the Bank of Amariprototyping process
pioneered the study of experimentation in serviedsamovici & Bancel-Charensol
(2004) have also studied this question in relateothe French metro system. However,
this literature is confined to business-consumiatiemns and showcases relatively simple
services. By contrast, the services we look aha defence sector involve customer-
provider relationships that sometimes last for desaThe complexity of the ecosystem
of actors in public and private sectors, and tahe underlying products and systems —
e.g. missiles systems, fighter aircraft or nuck#smarines — are much more complex
than the most commonly studied services such ddrgarihe restaurant business, hotels,
or even healthcare. Such elements of complexityfared in many other Business to
Business sectors, but are particularly acute ird#fence sector. Hence this sector offers
insights into “complex services”, together with amderstanding of how to design and
prototype them.

Our goal in this paper is to study this questiothimcase of complex, B2B services.
This leads us to develop a longitudinal case stadyering the period from March 2013
to December 2016, of the remote assistance sdveiweeen a major defence contractor
and the French Navy. We focus on the role of pypiog in the design process. This case
is original on several counts and notably in iteation, the degree of co-design involving
the pilot customer (the French Navy), and the cladation between the individual
component parts of the prototype (artefacts, enwrents and processes) and the ‘live’
service. It contrasts significantly with the visiohRapid Prototypingg.g.Brown, 2008)
most often described and prescribed for servidegs,lour research makes three principal
contributions. Firstly, we present a prototypingprgach rarely - if ever - applied to
services. Secondly, we show that prototyping hablkex the development of the service
concept beyond solely technical and organisatiesles. We highlight this aspect by
retracing the various iterations of the serviceiggdroposition throughout the prototyping
process. Lastly, we describe the role of prototgpimconstructing the service ecosystem
(in the sense of Mitleton-Kelly, 2003).

The paper is organized as follows. Section 1 aealyise literature and describes the
conceptual framework. Section 2 presents the resesetting, data collection and the
process of analysis. The detailed prototyping mede presented in section 3. Section 4
reflects on the case and what arises from it.
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1. LITERATURE REVIEW : PROTOTYPING FOR COMPLEX SERVICES

Here, we begin with a section dedicated to a rewoéwhe literature regarding the
concept of service prototyping. Then we introduee goals and basic approach of the
case study that we develop in the second pari®ttntribution.

Whether directed to products or services, althayrgly areas still remain, the issue
of prototyping has been amply studied in the liter@ One of the broadest definitions of
the concept is certainly that of Tim Brown (2008)p

“The goal of prototyping (...) is to learn about thieengths and weaknesses of the idea and to
identify new directions that further prototypes htitake.”

This definition is very much in line with the bod¥literature on design thinking (in
fact, the title of the article Besign Thinkiny This definition of the prototype as resource
and intermediary recurs in many contributioagy(Jeantett al, 1996, Junginger, 2008,
Lim et al, 2008, etc.).

The literature on New Product Development (NPD) Bnoduct Design identifies
three key roles for prototyping in the product daesphasé(Thomke, 2003; Rhinowt
al., 2012).

The first of these roles relatesdgploration By helping visualise the object that is the
focus for exploration the prototype makes for meffective co-ordination between
contributors to the prototyping process. The secoiglis that of supportingvaluation
This enables users to experience the product, geevihe designer with feedback that
improves the overall understanding of user requamrisand expectations, allows ideas
to be tested, and involves users in the designegsocThe third role of prototyping as
identified by Rhinowet al. (2012) relates toommunicationTeam members are brought
closer together, enabling a shared experienceeofléisign object. In broader terms, the
prototype is often described as a way of demomstrahe progress made during the
design process in order to secure the commitmemiraect contributors outside the
design teamg.g.Houde & Hill, 1997 or Henderson, 1999).

The same considerations appear in service-relatdture addressing the issue of
prototyping. Johan Blomkvist & Stefan Holmlid (2Q10.5) distinguishes between
communication and learning in the utility of protping. The latter category is itself
subdivided into exploration and evaluation. Thardebns attributed to these three terms,
and the verbatim accounts of practitioners trabscrby the authors, are similar in overall
terms to those reported by Rhinetval (2012).

From this overview of product and service protatgpive conclude that for services,
as for products, prototyping has three main aimsplagation, evaluation and
communication. As the brief overview of the “protuand “services” prototyping
literature shows, there appear to be no major rdiffees between these two worlds. In

1 This also led Sihem Ben Mahmoud-Jowhal. (2014) to demonstrate that prototyping is a reddyi generic
term covering multiform methods and requiring speaiion. We present and use this characterisatfqrototyping
resources later in this section.

2 In this article the authors advance a servicetji@oer approach by developing 6 case studies. évaw
the article also refers to other trends in serviesgarch (p.2): design theory, management anslyiemic approach
(especially Product Service Systems or PSSs), asigl techniques (such as service blueprinting)
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fact, the key prototyping goals identified applyatly to products and services. We note
that Tim Brown (2008) makes no differentiation betm service and product

prototyping, and simply emphasises that althougitopypes of a service innovation are
not necessarily physical, they must neverthelesargble. He recommends filming the

service prototyping process to provide a matedeabrd of the experiment.

Now that we have discussed the purposes of prataypt us turn to its resources.
In the following paragraphs we present a charaaBdn of prototyping artefacts
developed by Sihem Ben Mahmoud-Jowhal. (2014). Although this was elaborated in
the context of new product development, we willerefo this work as the basis for
characterising the various experiments conductedearote assistance. We will also
demonstrate that it applies to the developmenbofpiex services.

Table 1 — Prototyping artefacts

Artefacts

Stimulators Demonstrators Prototypes
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Inspiration explore new and
unfamiliar knowledge

Create arich
experience that

Ideation (concep generates pathways fa
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O ideas
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@®© solution
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h . and validate an
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. innovative integrated
solution .
solution
Innovative .
- Provide a tool for
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development intg
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Source: Ben Mahmoud-Jouiet al, 2014
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The authors identify three types of prototypingetatt: the stimulators, the
demonstrators and the prototypes. These artefddtess different goals in the successive
phases of the development process.

Thestimulatorsplay a role in the earliest phases of the desigogss: “inspiration”
and “ideation”. The authors describe them as artefatended to “stimulate the creativity
of the designers [...]". They are described as fepeded” objects offering an
intentionally incomplete sensory experience (thenge used to describe them are
“strange, poetic and playful”) in order to triggririosity, surprise and reflection.

The main function of thdemonstratorss to coordinate exploration and demonstrate
the progress made as the basis for identifying itdagrated feasible and relevant
solution”. Their use is concentrated mainly in twacept selection phases, and in the
subsequent development and testing of a solutio@esponse to it.

Lastly, the function of therototypesis to demonstrate that the solution developed
(with the assistance of the demonstrators) meetsghcifications set by users. Placed at
the end of the development process, the use of€ssful) prototypes is presented as the
stage preceding the transition to the detailedgihesf a commercial solution, regardless
of whether that solution is a product or a service.

There is therefore an important literature on thie of prototyping in the innovation
process for products and services. However, comggrservice innovation, we can
identify two main weaknesses. First this literataieals with business to consumer
situations for relatively simple services. Thomk@&603a) study of Bank of America’s
is typical of this. Second, we highlight a lack infdepth case study of the service
prototyping process i.e. how it unfolds in orgatimas. The goal of our research is to fill
this gap by providing a fine-grained descriptiortteé prototyping process of a complex
business to business service. This will allow uddigcuss the literature on service
prototyping in the light of complex service design.

2. RESEARCH DESIGN AND DATA

To study the prototyping process of complex ses/ige took up an opportunity to work
with a major defence firm linked to the French na®@ur research was in the context of
a CIFRE contract, a French system that helps aHirena doctoral student. This gives us
the opportunity to follow the prototyping procedsaonew service: remote assistance.
Before describing our methodology for data coll@mttin detail we shall provide an
overview of this service, and analyze the desigiblems that it raises.

2.1 Case layout

In broad terms, remote assistance offers innovatiggs of treating equipment
malfunctions to the Armed Forces while on operatidro identify the innovation offered
by the remote assistance we can describe thditraall organisation of technical support
through the fictional example of a malfunction atowg on board a warship on
operational duty off the Arabian Peninsuté Appendix 1). On board a warship the crew
provides the first line of technical expertise fdiagnosis and repairs. Whenever
necessary, the crew can call upon military andfoiustrial expertise from the
manufacturer through “technical assistance” prooesiuWhere the equipment failure
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proves severe enough to justify such action, theshia would leave the theatre of
operations and put in to a friendly port. In ouaeple, this port would certainly be
Djibouti, where French forces maintain a permarpeasence. It would take around 72
hours to complete this passage. In the meantime, ntanufacturer would gather
specialised personnel and equipment to establilslgaosis, and prepare to carry out the
repair or replacement of faulty parts. Upon resofuf the malfunction the warship
would return to its operational area, represerdaimgther 72-hour passage in our example.
In this example the warship could be away fronmission for more than a week, even
though the repair or maintenance work itself mmyfiy take a few hours. Such downtime
has potentially significant financial and operatiboosts. Indeed, a warship exiting a
theatre of operations leaves a gap in military bdpya which, at best, can be filled by
another vessel (again at a cost), and which, astywmay compromise the whole mission.

Remote assistance consists in linking both on bead onshore industrial and
military expertise. This concept makes it possitdedrastically reduce the ship’s
downtime and avoid the need for the vessel to lehgeheatre of operations, thereby
limiting operational cost. The general operatingngple of remote assistance is
summarised in the following diagram.

e bbb hhh

Remote assistance Remote assistance
rooms (military) rooms (industry)

O O

ST P S -

Y Internet or
Military networks specific network
~
Secured network

Deployable kits

Figure 1 - The operating principle of remote assistance

To enable remote assistance the fictional shipumeaample would be fitted with a
'deployable kit' composed of audio and optical popgnt (such as cameras, borescopes,
Google glassegtc), communication means and cryptography equipnmenitder to send
and receive audio, images and data within secarsmtnissions. These 'deployable kits'
communicate with ‘remote assistance rooms' locatexilitary and industry premises.
Appendix 2 presents the typical layout of a “remadsistance room” to further illustrate
the concept.

2.2 Data collection and analysis

Data was collected over a two years period. Asqfdnts doctoral studies, and following
the paradigm of action research (David, 2000) |¢lad author was an active member of
the project team throughout the period from Novenit@l4 to December 2016. In
addition to this active contribution, the case gtdcew on the reports of many meetings
and available archive material.
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The choice of a longitudinal case study was didtéega number of considerations.
The first is the period covered by the case stadyund four years between March 2013
and December 2016. The many events we refer tah@ndhanges seen in the service
concept and prototyping methods used demand a alehrong-term perspective to
establish consistency. Such a lengthy period is atdatively unusual for service
prototyping. The second aspect is the complexitthenetwork of prototyping process
contributors. A single pilot body - the French Navwas selected at the very earliest
stage of the project. However, this body cannotréated as a single entity. In the case
study we make reference to all the contributorpdédenents and entities of the French
defence ministry) within the limitations regardiegnfidentiality in this sector. Here
again, referring to the diversity of contributorghwut placing the narrative within its
overall timeframe would have been prejudicial te study.

Following the paradigm of grounded research (Miwsd Huberman, 1994,
Eisenhardt, 1989; Yin, 2003), our analysis was niiaxta detailed field notes — interview
notes, transcripts of project meetings, companyig@nts — compiled into detailed case
studies for each phase of the prototyping procHss. process was iterative, since cases
were frequently updated after follow-up discussianth respondents. The case study
report was re-read by key informants and discudlsehg bi-annual research meetings
involving the author and members of the PhD stgesommittee involved in the
prototyping process. These meetings simultanearspled the results presented to be
confirmed, and the directions taken by the resetrdie discussed.

The remainder of this contribution discusses tingitoidinal case study (Yin, 2009)
of the prototyping process for remote assistamckght of the literature review presented
in the previous section, we will demonstrate 1)r#levance of the model developed by
Ben Mahmoud-Jouiret al. (2014) for complex service design; 2) the origityatif the
remote assistance case study relative to the roatnilgutions to service prototyping; and
lastly 3) the contribution made by this case stundyespect of the theory and practice of
professionals.

3. THE REMOTE ASSISTANCE PROTOTYPING PROCESS
The timeline in Figure 2 below, sets out the seqaeof events leading up to
implementation of the remote assistance projeotmfMarch 2013 to July 2016. The

author was involved in the project from Novembet£20nwards, and continued after the
completion of the prototype phase.
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Before

03/2013
o Project kick-off with the French Navy ;
o EMM approval for naval involvement in experimentations;
momlg o EMA clearance on cybersecurity aspects
o Evaluation of existing technical solutions
o First network architecture definition
First tests within industry premises with French 04/2014
Navy present (several solutions demonstrated)
o Choice of technical solution
4
months
09/2014 Experimentation protocol presented to EMM
EMM approval for carrying out experimentations
Success of firsttest on navy ship at dock >
Success of first test on navy ship at dock 10/2014
simulated network
Security study validated
11/2014 - .
o Definition of the test campaign protocole
4
Test campaign aboard a navy ship months
- D1 :Failure (warship arrived too late)
- D2 : Failure (onboard network configuration) o Remote assistance movie preparation and shooting
—> 04/2015 . :
- D5 :success of test at dock during the test campaign
- D6 to D8 : 5 successful 1 hour trials with
ship at sea (off the coast of Toulon) 4 5 Remote assistance movie released
months
o EMA & EMM approval for ‘end-to-end’ testing between a
09/2015 warship, a naval base and an industrial premise
Success of ‘end-to-end’ testing —» 10/2015
o Training of the crews of 2 navy ships for remote assistance
usage
11/2015 o Installation of deployable kits aboard the warships
o Industrial remote assistance room installed

Long-term experimentation (2 warships) —» Signing of a convention between the industrial and the navy

12 o Extension of the convention: 6 additional months + 1
12/2015 (14:00 — 18:00 UTC) : ‘live’ resolution of months additional warship

a technical incident aboard a ship in operations

Acronyms:
EMM: Etat-Major de la Marine (Chief of Naval Staff

EMA: Etat-Major des Armées (Joint Chiefs of Staff)
D: Day
UTC: Coordinated Universal Time

Figure 2 - Timeline of the remote assistance prototyping process

We identify four major stages within this timeline.the model produced by Sihem
Ben Mahmoud-Jouiret al. (2014, cf. Table 1), these correspond to the four finalesag
of the development process:

Concept selection: the initial experiments

Concept development: the sea trials

Solution evaluation and validation: end-to-endibest

Development of the solution into a new serviceglb&rm experimentation

PonhpE
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We present these four stages in the following payats.

3.1 Concept selection: the initial experiments

From a design viewpoint, remote assistance is fieglée in the sense that from its
inception the service has been co-designed witloaqustomer: the French Navy. From
2013, when the manufacturer decided to develop awsdrvice, there were a number of
formal and informal meetings between representatofethe manufacturer and of the
French Navy. These meetings culminated in the grguolf formal approval by the Chief
of Naval Staff and authorisation from the Joint &iof Staff regarding the security
considerations of information systems. Without éhégcisions, taken at a high level
within the Ministry of Defence, the prototyping pess we are describing would not have
been possible. The manufacturer's project teantdigig the decisive role played by a
naval officer in supporting the case for remotastiasce in the military hierarchy. The
presence of many former military personnel witlia tompany was also a determining
factor for the establishment of a successful diadog

Two experiments were conducted during this firstedlgoment phase. The first was
conducted on the manufacturer's premises in ApPK2 It sought to identify options for
the most visible and critical element of remotastaace: the deployable kit (see Figure
1). This first experiment selected two of the gigtéd deployable-kit solutions. One was
based on a single item of equipment, with integradptics and software similar in
appearance to an SLR camera; the other was a-tsdet! software interface interacting
with a number of optical accessories. Trials ofhbsblutions were conducted in the
presence of French Navy representatives. The erpatal protocol was limited to
demonstrating the capabilities and user-friendBraEsemote assistance kit. In practical
terms, the demonstration consisted of linking #raate assistance kits in one room to a
PC in an adjacent room using a hard-wired link. Tleéworking and configuration
aspects were therefore not demonstrated.

The second experiment was conducted approximaiteljnsenths later, in October
2014. It was conducted on board a naval vesseletb@t Brest naval base. This
demonstration replicated the approach tested ah#reifacturer’'s premises, and was not
therefore intended to demonstrate new functiomslitits major challenge was to measure
the constraints imposed by the onboard environmerdrrow passages and
companionways, confined and / or unlit spacsts, This “hands-on” testing was a
decisive step for remote assistance inasmuchgavé naval crews a clear impression of
how remote assistance could contribute to theioardboperations.

It was following this initial phase of experimentat that a preliminary formulation
of what remote assistance service could offer vea®ldped: "To provide a channel for
delivering the manufacture’s expertise requiredniable remote diagnostic analysis and
guided responsed! This value proposition reflects a very "techriicatceptance of
remote assistance.

3 This definition of the remote assistance value roffetaken from a Manufacturer’'s document dated of
November 2014.
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3.2 Concept development: the sea trials

As previously stated, the network aspects were adidressed by the initial
experiments. It is worth repeating that remotestigsce creates an interface between two
networks (see Figure 1) making this issue a ctiboa for the feasibility of the service.
One network is military, with satellite communicats between the warship on
operational duty and an onshore military base.dther is a specific or secured Internet-
based network connecting the military base withntt@aufacturer’s facilities.

These networks form a critical component of renmassistance, both in technical
terms (configuration, encryption, etc.) and in eoyplent: the suitability of available
bandwidth to achieve the required image quality #etency are two particularly
important aspects that could downgrade the sergiceyen make it impossible to use. It
was therefore decided to run a number of experigtentesolve these uncertainties.

Two types of test were planned for April 2015: Igieonducted in dock at the Port
of Toulon on one hand, and sea trials on the offlee. aims of this second phase of
experimentation were as follofvs

To validate communication between the warship ahé bnshore
installations;

To verify correct operation of the system at sea;

To verify the maximum and minimum levels of datansmission flow
provided by the network at sea;

To verify system user-friendliness and ease ofaepént, and to identify
any improvements required,;

To make the crew aware of the benefits of remagestsce;

To develop a working method to be shared by the ered the manufacturer's
technical staff.

We emphasise once more that exploration, evaluatiah communication goals
were explicitly assigned to this phase of the fqtimg process.

Given the various constraints imposed by the Frevanship selected to take part in
the experiment, the work was concentrated intotedglys. During the first five days the
dockside tests were conducted. These tests lifleedhbored warship to a control room
located in the Toulon naval base via a French Nesrgstrial network. For the following
three days, the warship was at sea off Toulon. Mgurthis period, satellite
communications were used to conduct five sessibios® hour each to test a range of
different remote assistance usage scenarios. Fbr teat - onshore and at sea - one
technical assistant provided by the manufactures p@sent on board the ship, and
another onshore.

This series of tests generated very comprehenseabfick, not only in terms of
technical issuese(g.image quality at different bandwidths), but aleaerms of usage
(e.g.using 'radio’ type diction to facilitate interact)o The manufacturer’s staff in charge
of the tests noted that:

4 These aims originated in the experimental protdcafted by the manufacturer

Page 10



“We had a positive response from [shore-based] Niaeasonnel. on
board [the warship], the crew had little involventémthe tests, as a
result of having more important operational prigeg. In informal
conversations, the ship's officers were emphatgtri@ssing the
importance of using the remote assistance systesmcaiaborative
resource with no suggestion of questioning thdsstflcrew members".

Following these tests, in July 2015 a second varsicdhe remote assistance value
proposition was proposed. It emphasized remotestassie as being part of a broader
concept of "extended support service for surfaceskwps”. Compared with the first form
of the value proposglthe second version puts less emphasis on theitatienefits of
remote assistance. This change reflects i) thatnthaufacturer’'s teams had a more
detailed understanding of the mechanisms at workhéremote assistance service,
beyond its technical aspects; and ii) that theltes&ds (in this case, the French Navy) had
appropriated the concept of remote assistancelateng experienced it.

3.3 Solution evaluation and validation: the end-to-enesting

The third part of the remote assistance prototypmogess consisted of 'plugging in’
the manufacturer's component of the remote assistaystem. Until this point, the
various demonstrators had been focused on comnitigmchetween two parties:
shipboard naval personnel and their colleaguesrashamaval bases. This third phase of
the prototyping process consisted of adding a thouht of contact: the manufacturer.
With this component in place, the remote assistaleoeonstrator covered the full range
of system functionality.

Implementing this end-to-end test required a highel of collaborative work
between defence ministry personnel and the manutatt teams. Interfacing a military
(ship-to-shore) network with a private network (geating the port with manufacturer
facilities) is by no means an easy task, and thferize Ministry had to be persuaded of
the merits of doing so.

The remote assistance presentation video produgdgtebmanufacturer played a
major role in this regard. This 3'09” video witlorvoiceover illustrated how remote
assistance can deliver technical support. It fotwuse

The process stakeholders

The system functions

The procedures implemented to deal rapidly with fomaitions in an
operational context.

The majority of this video was shot during the s8e&ds conducted in April 2015. It
therefore presents remote assistance in its trueomment. The video successfully
conveyed an image of the remote assistance cotwegresentatives of the French Navy
and of the manufacturer. It played a crucial roleonvincing the authorities to permit
the interfacing of military and civil networks inrder to conduct the 'end-to-end'
experiment that was achieved in October 2015.

5 "To provide a channel for delivering the manufaetwexpertise required enabling remote diagnostidyais
and guided responses".
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3.4 Development of the solution into a new service: ¢pterm
experimentation

Encouraged by the success of the end-to-end deratiost the decision was made
to conduct a long-term joint experimental programbieder the terms of an agreement
signed at the beginning of December 2015 by thedfr&lavy and the manufacturer, this
joint experimental programme involved the provisadiremote assistance kits on board
two warships for an initial period of six monthss@cond agreement signed in June 2016
extended the experimental programme for six moatit included a further warship.
Under the terms of this agreement the manufacphrmrded the French Navy with two
remote assistance kits as well as crew trainingpaupThe goal was to enable the pilot
customer to gain hands-on experience of the remsgistance system while in its real
operational environment.

No contractual commitment to provide a remote msce service was entered into
under the terms of this agreement. Neverthelegsrrmanent remote assistance unit was
installed in the manufacturer’s premises for thepaes of the experimental programme.
The following photograph shows this prototype regredsistance room.

Figure 3 — A (prototype) remote assistance room

Source: The manufacturer

In mid-December 2015 the opportunity arose to hserémote assistance system
under live conditions. While on operational dutyemf the naval vessels equipped with
the remote assistance system suffered a failuoaenof its systems. The crew were not
able to identify the cause of the problem. Conthatetially by phone, the remote
assistance unit was activated, and a remote assistink established. Within
approximately four hours, the collaborative effoofsthe crew and the manufacturer's
technical assistants had made it possible to iiyetite source of the malfunction and
replace the defective component. The warship wes dble to continue its mission.

The technical assistants who provided the supgovice made the following two
observations. On the one hand, the response hdidnced the relevance and suitability
of remote assistance to guide and/or confirm thé thagnostic analysis conducted by
the crew, provide advice on a rapid repair andaeausing further problems as a result
of ineffective attempts at repair. On the otherdyahey noted that the level of pressure
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imposed on the vessel's crew fell significantlytih@ment that the connection was made.
More specifically: "the crew members are reassibebaving someone to speak to, but
it is still important to build trust”. They see thbility to use the same terminology and
having a clear understanding of the constraint$yappon board an operational warship
as being essential for creating this climate afttr@ne of the technical assistants involved
was a former Petty Officer in the French Navy. Bbdity to understand (and use) the
appropriate military jargon very significantly fétated the communication process.
Lastly, the crew members commented that the phiyaiisence of the technical assistants,
so that they were not involved in the stressfulaibn on board, made it easier to assess
the issues involved. The success of this respoeseitély demonstrated the feasibility
and operational value of the remote assistancécserv

In March 2016 (three months into the long-term expental programme), a third
version of the remote assistance value propositvas defined: to offer "improved
systems availability, especially under operatiamlditions". This wording is radically
different from the previous two value propositions:

"To provide a channel for delivering the manufaetugxpertise required to
enable remote diagnostic analysis and guided regstn
To provide an "extended support service for surfaaeships”.

By this point, remote assistance was no longer asesimply a user need, but as a
way of improving the existing support for militaeguipment. This new value proposition
reflects a more general view of the remote asgistanoncept, addressing the fundamental
need of the users.e. hardware availability to deliver their missions. lida previous
value propositions, this version was not developaiély 'behind closed doors' by the
service provider. A series of meetings with thenEre Navy were held to refine the
concept (particularly in terms of the nature of teguirement). It provides a clear
example of the concept being co-designed by thecgeprovider and the prospective
customer. This co-design involvement is a clearicetibn that the experimental
programme has enabled all its stakeholders to r@eashared understanding of the
potential benefits and modalities of the emergienyise.

4. DISCUSSION OF THE CASE STUDY AND ITS CONTRIBUTIONS

In this section, we discuss the results from thgecstudy of remote assistance
prototyping. Firstly, we show how or case inscrilisslf within frameworks developed
in our literature review. Secondly, we argue anchaiestrate the originality of our case
study with respect to service prototyping. We, tipeovide evidence that prototyping
improves the quality of the design process for sewices. Indeed, as we will see, the
service concept changes during the process. Fimaky show how the prototyping
process contributed to the development of a seecosystem, a point rarely mentioned
in the literature

4.1 The case study inscribed in the theoretical frametvo

Chronologically described in the previous sectisre show here that remote
assistance’s prototyping process matches steptdprtie model of complex prototyping
developed by Sihem Ben Mahmoud-Jowhial. (2014) and presented in our literature
review.
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Table 2 — Theoretical framework vs. case study

Steps of prototyping
Phase 1 Phase 2 Phase 3 Phase 4
Industry | In dock | In dock .
premises #1 4o At sea End-to-end In operation
04/14 10/14 Trials 04/15 10/15 12/15t0 12/16
Stimulators No stimulator in remote assistance prototyping

Provide relevant
empirical support
for the analysis and
selection of
different concepts

—
G

-

o

Y

N—r

I

&)

S Provide a design

S )]

o 5 context to develop

£ © the concept into

G @ an innovative

= 2 integrated

% ) solution

() o Provide a design

c context to

o experiment and

%_ validate an

> innovative

- .

S mtegrgted

o solution

e Provide a tool for
o testing the fit of
5 Prototypes the developed
o solution with the
ad specification.

Interestingly, the table above allows us to highiithat the prototyping process for
remote assistance did not involve the use of “dawowus”. Targeted mainly at the
exploration of new knowledge and associated cosca@ppossible explanation for their
absence for remote assistance, is the relativeuiigt of both the provider and the
customer with regards of the issues addresseddyyrttotyping process. In other words,
both the manufacturer and the French Navy had pthdexperience in dealing with
technical malfunctions of the concerned equipmemipr to remote assistance
prototyping. As such, “inspiration” and “ideatiomlere greatly facilitated and pre-
existing knowledge was readily available for coricgglection. Hence, the prototyping
process started with demonstrators.

From the use of demonstrators and all the way tiirabe development of the new
service with the use of prototypes, our case saathered step-for-step to the theoretical
model. In that sense, we fully inscribe our case gsototyping case, reinforcing the
statement that models used for product are fulgvemnt for complex service design.
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Symmetrically, our case study provides insightgaaslistinctive traits of service
prototyping that do not appear in product developmExamples of such traits include
the interactional nature of services between custsrand providers (particularly seen in
the final stage of our case study) or the use ohaterial artefacts such the remote
assistance video. In the following three sectiovesdiscuss in greater details the inputs
of our case to service design.

4.2 A prototyping approach rarely applied to services

Although it closely matches the framework develoged products by Ben
Mahmoud-Jouinget al. (see previous section), the prototyping proceshave described
differs significantly from most of the service pwbtping case studies in the existing
literature. We identify three largely interdependeémsights that contribute to the
originality of our case study, notably with regatdsvell established “rapid prototyping”
(e.g.Brown, 2008) prescriptions and insights:

It involves a long-term experimental programme
The solutions tested are those to be implementedias service
The customer was very closely involved in desigrihregprototype

A long-term experimental programme

Prototyping included a series of experiments oveather long period of time,
between March 2013 and December 2016. Having appetgly three years and nine
months in total our case sets itself apart fromréped prototyping mindset, something
which is especially prevalent in design thinking. @demonstrated by Tim Brown (2008),
rapid prototyping presumes that a prototype musadémited as possible in terms of
time, effort and investment. This viewpoint is suarised as follows: “The more
‘finished’ a prototype seems, the less likely iteators will be to pay attention to and
profit from feedback.” (Brown, 2008, p.3)

The approach we have presented is diametricallysguab to this perspective. Our
prototyping approach has sought to gain experi@ma@®nditions that are as close as
possible to those of the 'live’ service, and isifaxl on lengthy test periods. The example
provided by the fourth phase of experimentationfefred to as the "long-term
experimental programme") is particularly significam this respect. Initially scheduled
for six months and subsequently extended for ehéursix months, this phase was
intended to make the remote assistance prototygéabie to the customer in order for
them to gain experience of it under live operati@aaditions.

A prototyping process that comes as close as ptess the reality of the intended
service

Following the same line of thought, and in contrasthat put forward by Tim
Brown, our prototyping approach sought to creatmalestrators and prototypes that
reflected the reality of the intended service asely as possible. In this sense, we turn
to the notion of fidelity as described by Stefaroittke (2003, p.7). Stefania Passetra
al. (2012) also use the concept of fidelity/resolutioriheir SPPF%ervice Prototyping
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Practical Framework® The authors use the term 'fidelity' to descrilee"tloseness"” of
particular aspects of the prototype to the finaktgual design"”, and the term ‘resolution’
to describe the "general level of verisimilitudetloé service prototype" (the sum total of
the fidelity of distinct aspects). They illustrdkes difference as follows:

Fidelity Resolution
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Figure 3 - Fidelity and resolution of a service prototype
Source: Passest al, 2012, p.10

The following table charts the six stages of thr@qiype as described in the previous
section. The presence of the component parts akthete assistance system within the
prototyping artefact is evaluated for each of tretages. The functions of the individual
prototyping artefacts at each stage in the devedmpiprocess, as defined by Sihem Ben
Mahmoud-Jouinget al. (2014,cf. Table 1), are shown at the bottom of the tablehén
terminology used by Passegaal. (ibid.), each ‘component’ represents a new 'level of
detail'.

6 It will also be noted that the authors make expleference to Brown (2008) and Ries (2011, notresfeed).
They stress that "Well-designed, small-scale pypies are an efficient way to learn and test spelifpotheses arising
from new concepts, but there is no single way aat'dight™.
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Table 3 - Incremental implementation of service coponents in the prototyping

Steps of prototyping
Industry | In dock In dock End-to- In
i At sea .
premises #1 #2 end operation
. 12/15 to
04/14 10/14 Trials 04/15 10/15 12/16
" Deployable kit + Multllple X X X X X
= software solutions
(@)
S Milit twork
ilitary networ
o :
£ | (Warship Port) Proxy X X X
() |
g Complete network] i :
O | (Warship Port ' * X X
% Industry)
%)
‘0 | Remote assistance
0 Proxy X
© rooms
e
O 1 1
% Service context i i Simulated X
=2 | |
Service procedures Simulated

*

This table provides an illustration of the complemaey nature, progressivity and
increasing complexity of the demonstrators andgiypes used for the remote assistance
service.

The deployable kits (containing tablets, camerasical accessories, etc.) and the
software interface are the most visible componehtee remote assistance service. It is
also the newest component for warship crews. Bidéinse, the remote assistance kit can
be considered as a 'boundary object' (Star, 1989ijl€; 2002) between the onboard
world and that of the onshore support function tipalarly for the manufacturer). As
Carlile (2002, p.452) explains:

“[A boundary object] provides a concrete meansifadividuals to
specify and learn about their differences and depegies across a given
boundary. [It] allows individuals to specify whaitety know — what they

worry about — as concretely as possible to the [eobat hand.”

Many authors highlight the role of these bounddngats in the development of new
service concepts generally, and prototyping inipaldr (e.g.Bertoni et al, 2016 and
Exneret al.,2016). This is one of the reasons why “deployalitl€’ kvere the subject of
particularly close attention during the initial glea of remote assistance prototyping, with
a number of demonstrators being tried out befomngle solution was stabilised in
subsequent demonstrators. At each subsequent gtaggame pattern continued, with a
new component added to the demonstrator untilitia prototype was arrived at, where
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only the service procedures were 'simulatedrhis incremental approactmade it
possible to refine the knowledge of all the renasistance stakeholders at every stage
in the prototyping process, and to refine the cphe@d resources to be implemented.
We also demonstrate that the prototyping processdilawed the Ben Mahmoud-Jouini
et al. (2014) model stage-for-stage, from "concept seettthrough to "solution
development into new products and/or service". Ta allows us to confirm the
relevance of the model for complex services.

In terms of resolution and fidelity, this calls taro main comments. The first is that
the level of resolution achieved by the final ptgpe is extremely high. However, this
very high resolution was achieved progressivelyh@yaddition of new "levels of detail”
or "components". The second comment is that foh eammponent, an initial "low
fidelity" iteration was included first. We there®demonstrate a progressive increase in
resolution as a result of cumulating the additiome~ components to demonstrators,
and the increasing fidelity of individual compongens stressed by Passetal. (2012
p. 9), there is no consensus in the literaturerdegg the optimum level of resolution for
a prototype. Our case study provides an elemesm ahswer in the case of complex B2B
services: incrementally raising the level of prgps resolution to the point where it
enables a comprehensive understanding and adagtibe individual components. We
also demonstrate that "boundary objects” providi@nesting point of entry into a 'high-
resolution’ prototyping process.

Very close customer involvement in the prototypimigpcess

The third original feature of the prototyping presave have described is the level
of customer involvement (the French Navy, in these). The idea that one or more
potential customers can - indeed should - takeipéne prototyping process is something
that meets with consensus in the literature, bottpfoducts and services. On the other
hand, the desirable degree of involvement var@s fauthor to author. Stefan Thomke's
article from 2003 published in thdarvard Business Reviean the prototyping process
used bythe Bank of Americe one of the most cited for service prototypiiige author
explicitly recommends identifying, isolating and iguitising suggestions for
experimentation, then scheduling them and desighi@g with no customer input. In the
proposed model (Thomke, 2003, pp.2, 5), customesorbe involved only after
prototype implementation. The aim is to work oupesmentation problemsithout
customersbefore the prototype is tested in a live environin&tefania Passes al.
(2012) include the audience as one of the factotheir Service Prototyping Practical
Framework The authors make clear that the prototype shoeildesigned from the outset
with the target audience in mind in order to adbptprototyping technique used (Passera
etal, 2012, p.11). Having the audience "in mind" isthe same as co-designing. Neither
the degree of customer participation nor the expeniation phase during which this
participation should take place are specified.

In the case of remote assistance, the pilot custbe@ame involved at a very early
stage and covered every aspect of prototypingudhcy its implementation. As the
timeline f. Figure 2) shows, the pilot customer was consudtethe very beginning of

7 In the long-term experiment we consider that seryrocedures are simulated, in the sense thatthept
form part of a contract, that they have not beabiksed, and that they have never been formalfyraged by the
service stakeholders. The way in which the respam$é@ecember 2015 unfolded demonstrates that conseose
prevailed over formality.
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the project. The co-design of the prototyping pssaacluded identifying the concepts to
be tested and the design of the experiment. Thise @gain, sets us apart from the
dominant vision of prototyping.

4.3 Innovative service concept generation through priytping

As stated in the first section of this paper, thee¢ key roles of prototyping are
exploration, evaluation and communication (Houdeli&, 1997; Blomkvist & Holmlid,
2010; Rhinowet al,, 2012). Although the overwhelming majority of laoits indicate that
these three functions of prototyping improve thaliy of the design process for new
services (particularly as a result of more innoxatproposals), this process is rarely
shown in case studies.

The remote assistance case study we have develwedoffers an interesting
perspective, in the sense that we have been alentonstrate how the service concept
evolved with the prototyping procéss

1.  November 2014: "To provide a channel for deliverthg manufacturer’s
expertise required to enable remote diagnostic yaizaland guided
responses";

July 2015: To provide an "extended support serfocsurface warships”;
March 2016: "To improve systems availability, espkg under operational
conditions".

wn

This development demonstrates a broader and manerageapproach to the
provision of remote assistance, moving away fromapproach focused on remote
assistance as a 'delivery channel' towards thgratien of remote assistance into the
broader objective of 'systems availability'. Itiearly an effect of experimenting with the
service. The widening of the concept into a moreegal approach occurred hand-in-hand
with the experimental programme being more closgggrated into the live environment
of the pilot customer.

Beyond actually showing how prototyping can help tfeneration of innovative
service concepts, we highlight that service congeptration is neither limited to early
phases of prototyping, nor limited to the “explavat function of prototypes.

In terms of technical artefacts, the remote assisteservice has seen no major
change involving the three versions of the valugppsition. The concept has evolved as
a result of incorporating other needs identifiedgod by the customer. This approach to
service innovation is described by Faiz Gallouj &ivier Weinstein (1997) as a
"recombinative innovation”. The authors explainttHanovation of this kind exploits
the possibilities opened up by new combinationsvafious final and technical
characteristics, derived from an established stdé&kowledge and a given technological
base or existing within a defined technologicajeictory” (p.550). In this instance, and
in the most complete version of the service conaeptote assistance makes it possible
to reconsider the way in which ‘'traditional' tectahisupport is delivered so that the
customer’s capacities are improved.

8 It is worth repeating that we evaluate the evolutif the service concept in the context of thedéit value

propositions developed in parallel with the propaiyg process.
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To arrive at this improved vision of remote assis®g all three functions —
exploration evaluation and communication— had a role to play throughout the
prototyping process. We support this argument bgtpg out that the iterations of the
value proposition formulation occurred in closelaobration with the pilot customer
(hencecommunication The new value propositions were identified,edsind reflected
upon with the customer in parallel with and asgné part of the prototyping process.

The timeline of the three iterations of the servdoacept also show that “ideation”
was not confined to the earliest stages of theiesprototyping. This goes against the
traditional vision of the prototyping procegsd Thomke, 2003). In Jouni&t al. (2012)
“phases of the creative process” (see Table 1)pliagon” and “ideation (concept
generation)” are the first two. They are suppokgdstimulators” that aim at “initiating
and help exploring new and unfamiliar knowledged dareating a rich experience that
generates tracks for original and relevant idedst.only did the prototyping process that
we described for remote assistance not involvanigttors”; our sequence of value
propositions shows that the functions of stimukitaere performed by demonstrators
and prototypes.

4.4  Prototyping as a way of creating the service ectsys

The remote assistance experimentation programmecaraducted from the outset
in close collaboration with the pilot customer: theench Navy. We identify three key
roles played by the Ministry of Defence during éxg@erimental period:

The role of co-designer;
The role of promoter;
The role of decision-maker.

The role of co-designer was fulfiled mainly by Navworkforce”: vessel
commanders (the “pashas” in naval lingo), the cnesmnbers responsible for shipboard
maintenance and the operation of weapon systerdsthanonshore support teams. All
contributed their operational experience to acheeekearer definition of requirements in
terms of functionality and operational constrailts.experts in their own vessels, these
are the same people who made the experimentatiocegs possible on board the
warships.

The second role is that of promoting the valuehef temote assistance service to
decision-making bodies. The operational persoreafky had a critical level of influence
in this role. Naval staff pay close attention te thpinion of the “pashas” since they are
commanders of their ships. The same is true cPittggramme Officers' (POs). For every
major armament programme, these POs are respoffisibdmsuring that the functions
delivered (in this case, those of a warship) ftélgpond to the requirements expressed by
the Naval Staff. They act as a go-between, conmgaiperational personnel with the
Naval Staff. Their support was a decisive factoiavour of remote assistance.

The third and last role is that of decision-makKdis role can be clearly observed in
the timeline of the remote assistance prototypingegss ¢f. Figure 2), with many
authorisations and agreements necessary throutiff@akperimental programme. All of
these decisions were taken at a very high levehbyJoint Chiefs of Staff and/or the
Chief of Naval Staff. Whether to authorise expentaé protocols (particularly in the
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context of cyber security issues) or to make (dlyebheavily committed) warships
available to take part in experiments at sea aidok, these decisions were required
between every two stages of the experimental prnogra

Identifying and convincing the right people in tharliest phases of the remote
assistance study represented a significant path@fwork involved in the remote
assistance experimental programme. In this contddrough knowledge of the
customer's organisational structures is a decfast®r. This knowledge was in large part
facilitated by the many former naval personnel rmaployed by the manufacturer.

Over and above these three roles, the experimpriaggtamme enabled the gradual
coming together of the extensive network of stakddms making up the service
ecosystem and gaining their commitment. This sereosystem concept is referred to
by many leading authors, including Stephen VargBdbert Lusch (2010). In a wider
context, the termBusiness Ecosystef@.g.Moore, 1996, Lewin & Regine, 1999, lansiti
& Levien, 2004) an&ocial Ecosysterte.g.Mitleton-Kelly, 2003) both refer, albeit with
a few variations, to the same general vision. Wegpathe definition given by Mitleton-
Kelly of a social ecosystem:

“Each organization is a fully participating agentweh both influences
and is influenced by the social ecosystem madéd alp @lated business,
consumers, and suppliers, as well as economiajr@ljtand legal

institutions”
(Mitleton-Kelly, 2003, p.30)

The community of participating stakeholders gragjuakpanded as the remote
assistance experimental programme progressed thitsustages. This trend is driven by
a number of factors.

The first is the increasing complexity of the expwmtal programme. The need to
involve the skills required for the effective insian of additional components in
demonstrators (military network, complete netwoeknote assistance rooms, etc.) made
it essential to involve an increasing number ofpanel and distinct entities. This applies
equally to the internal organisational structurethed manufacturer, the pilot customer
(the French Navy), the Ministry of Defence and shbcontractors. This upward trend in
prototype complexity increases not only the nundiesystem co-designers, but also the
number of 'decision-makers' required to make psmyp®ssible.

The second factor is the deliberate intention ef manufacturer to diversify the
environments in which the experiments were conalicBeveral different ships were
involved at the naval bases of Brest and Toulors &bain increases the number of co-
designers, although the main goal was to boosntimber of ‘promoters’, notably by
involving a growing number of ship commanders atieeohigh-ranking officers.

Finally, increasing the number of 'promoters' amelnumber of different events in
the experimentation process (especially the lispoase delivered in mid-December
2015) creates a word-of-mouth effect. Distributadrihe remote assistance presentation
video also contributed to this process of raisiwar@ness.

We outline the progressively growing ecosystemhm following Figure 6. There,
we highlight that, in the manner depicted in thecis-technical graphs” of Bruno Latour
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et al. (1990), the development of the different demonstsaand prototypes gained
support from increasing numbers of promoters tod¢h®ote assistance concept. We argue
that this phenomenon goes beyond the traditionddigcribed role of prototypes as
communication tools in order to secure the comnminaoé project contributors outside
the design team (Houde & Hill, 1997). The buy-inswachieved mostly by the
interlinkage of co-designers, promoters and decisi@akers roles in order to allow the
prototyping process to carry on. In other words)tebutors were rallied more around
the project of prototyping (with the aim of creafia ‘live’ service afterwards) than
around the different prototype demonstrations aqméements.

Customer side

Industrial side
Co-designers | Promoters | Decision-makers

(March 2013 to April 2014) Before initial experimentation

X X X XXX

X

New

The promoter promotes the - . .
P P Decision-makers authorise the Ideation and first contacts

pind No co-designer at this stage remote assistance to decision- . X . .
participants = = o initial experimentation (notably with the promoter)
makers
(April 2014 tojOctober 2014) During initial experimentation
Ner A limited ‘experimentation

A limited ‘experimentation . . Decision-makers authorise a team’ is set up. Experts are
participants The initial promoter rallies

team’ is set up. The initial pursuit of the following consulted to identify the main
other promoters . . .
promoter become also a co- prototyping phases risks and technical
designer by participating uncertainties.

(October 2014 to December 2016) During the followingjexperimentation phases
I

X X XXX
X

Other crew & specialised .. .
P Initial decision-makers (who

competences join the Existing promoters ‘recruit’ A dedicated project team is set
. 5 . s N have become also promoters) . ..
experimentation team’. New other promoters (word-of- .. up. New participants join the

. . . .. ) rally other decision-makers to . . . s
co-designers sometimes also mouth). Initial decision-makers . experimentation team’. Sub-
. allow the prototyping to move
are promoters (e.g. ship become also promoters. forward contractors are contacted.
commanders)

During the long-term experimental programme thaistituted the final stage of the
prototyping process, there was an involvement afoal all stakeholders with co-
designing and co-producing the future 'live' sezvic

CONCLUSION

We will summarise the lessons learned from the «dsdy as developed and
discussed here. As we have shown in the literatevéeew, the existing works on
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prototyping in services emphasizes a vision largelipenced by the design thinking
approach€.g.Brown, 2008). In this perspective a prototype ningsas limited as possible
in terms of time, effort and financial investmentdrder that the designers can extract
maximum benefit from the lessons of the prototypngcess. This approach focuses on
simple business-to-consumers services (e.g. Tho2GGsS).

As we have seen things change when dealing withpEmbusiness-to-business
services. Indeed, in this case the long time-frahmfechnical complexity of the service
infrastructure and the number of actors involvediiyathe prototyping process. In this
perspective the remote assistance case highligtes points.

Firstly, the prototyping process we described for temote assistance was both
lengthy and very close to the operational sernsopposing a fair amount of investments
both in terms of time and financial resources)wéts nonetheless evaluated as both
successful and rather innovative. We thus demdssiithat “product-type”, prototyping
with demonstrators and prototypes were very mugticgble to service design.

Secondly, through the case study of remote assistave have presented the
successive iterations of the service concept. Cailp such a long-term prototyping
process was a conscious choice with the aim offatang the service prototyping project
into the day-to-day live environment of the pilosstomer. We have shown that doing so
has provided a better understanding of customerin@gents and has led to significant
evolutions of the service concept. Therefore, wgued that concept ideation is not
limited either to the exploratory function of prttpes or to the earliest phases of
prototyping. The concept changes during the proedssh help to enrol the actors
involved.

Finally, from the very start of this lengthy proseand throughout all its stages, a
large number of stakeholders (including crew memb&arship commanders, members
of the Joint Chiefs of Staff, manufacturers andceumiractors) have all been involved in,
and associated with, the prototyping process. Bsrlinking the roles of co-designers,
promoters and decision-makers, the prototypinggsstas been a determining vector in
the construction of the 'live’ service environmasiit should be implemented. Here again
we have shown that this has contributed to resgleartain technical and organisational
difficulties, and promoting innovation within theomcept of service. This social
dimension of the prototyping process is fundamewntiaén dealing with business-to-
business services involving large organizationgoés beyond the “communication”
function of prototyping frequently mentioned in thterature. Here the prototyping
process plays a “conscription” role (Henderson,9)98 helps recruit the network that
will support the future operational service.

The remote assistance case thus provides impontsight for service design when
confronted with complex business-to-business sesvighis, of course, is only a first
step. The case was probably excessively complexadtgemilitary nature, which implies
very high reliability and secrecy constraints (arpcular in telecommunication network).
No doubt that further research is needed in thgontant and, until now, neglected area.
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