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The vision of the Eflinded DIGILOGI@roject is to boost the cooperation and partnership between African
and European Digital Innoviah Hubs (DIHsS)nd foster innovation especially of SMEs, young innovators,
startups and miecapsso paving the way tdéhe development and uptake of digital innovations for the
promotion of competitive, inclusive and sustainable prospdrithoth continerts.

5

Work Package (WP) 4 of tidGILOGI@roject, IMPLEMENT, contributes to fulfilling th&GILOGIEsion
through DIHs working together to support innovators in addressing logStiefienges

WP4 seeks to establish networks between European Afnidan innovative entrepreneurs and potential
investors to foster an enabling environment for stags.

Through its five tasks, Work Package 4 (WP4) encompasses definiGdraltdnge® a 02 1JS | yR 20 2S¢
formulation of the call for proposals to adeks logisticehallengesassessment of proposals, a boot camp
for selected proposal teams, and a ydang programme of support for selected teams.

In WP4, the scope of logisti€hallengesnd of associated objectives for addressing logistiedlengesare
defined in Task 1, and are reported here in this deliverable (D4.1).

In this document, Deliverable 4.1., scope is explained in terms of logiStiabengegopics, Challenges
participants, andChallengegechnologies. Scope is related to the overalabof the EU that the digital
transformation must work for all people. No one should be left behind.

Objectives are explained in terms of futgpeoofing startups. This is appropriate as the survival rate of
startups is very low generally, and logistiesidst climatechange related events in Africa and Europe is a
particularly challenging setting for startups.

Also, objectives are explained in terms of natby@sed solutions, high reliability organizations, and
generative learning.

Throughout,Challengescope and objectives are related to the overall objectives of the wBd&ELOGIC
project.
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ThisDIGILOGI@eliverable (4.1) is based on work carried out in Task 4.1 of Work Package 4. First in this section,

an overview of thdIGILOGI@roject is provided in order to relate WP4 to the overall project and its dilierk
PackagesNext, a summary of the fivegks inDIGILOGIZA 2t n Aada LINS&aASYGiSR Ay 2NRSNJ
other tasks. Then, an overview of the deliverables from WP4 is provided in order to relate Deliverable 4.1 to
further deliverables that will follow within WP4. Subsequently, the streetf this document is setut.

1.15L DL [thwihIW9 / ¢

DIGILOGI a project fundedy Horizon Framework Programnte boost cooperation and partnership among

European and African Digital Innovation Hubs (DIHs). WithinDil&lLOGI@roject, DIHs aim to support

innovators, starfups, and SMEs to jointly develop smart logistics solutions in close cooperation with industries

and venturesDIGILOGIE€ees the horizontally connecting logistics industry at the converging point of interest

and priorities for digital iff 2 @ G A2y F2NJ 820A+f | yR o0dzaAySaa RS@St2LIVS
sustainable prosperity.

Tampere @
(Finland) /ﬂ\

FIGURE: DIGILOGIC OVERVIEW

As summarized in Figure 1, the objectives of EH&ILOGIEroject are listed below.

w To establish a PaBUAfrica network of initially five DIHs focused on the topic of smart logistics and
achieve seamless collaboration between the hubs and their pool of emerging technology innovators.

w To strengthen the DIHs technology transfer capabilities to advance @filmaovators and ICT
professionals for better job opportunities.

w To empower African youth, especially women and vulnerable groups with entrepreneurial and digital
literacy skills to significantly increase good quality employment opportunities, includiifg se
employment.
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To demonstrate the market relevance BfGILOGI@etwork of DIHsS engaging at least 200 innovators
in the call forChallengesto participate in the collaborative projects, and value creation in different use
cases suggested by stakeholdaeeds.

To ensure post project sustainability and growth of i&ILOGIE€cosystem

As summarized in Figure 2, tiHGILOGI@roject is structured into six work packages, and WP7 that covers
ethics requirements. The objective of WP1 CONNECT is to creatiastimg partnerships between the engaged
EUAU DIHs to achieve concrete, tangible, and sustainable impact on digitabitnmmoin Africa. WP2 GROUND

aims to establish a common knowledge base on the logistics value chain as well as to transfer knowledge on

digitization for the logistics cases addressed&ILOGICThe goal of WP3 LEARN is to develop an enabling
environmentmanaged by EAAU DIHs for digital stattps in Africa. These stanps are to be supported by
market driven peer learning and consequent upskilling in digital and entrepreneurship doméing.
IMPLEMEN® abjective is to foster an enabling environment fodigital startups as well as to establish
networks between European and African innovative entrepreneurs and potential investov®5 BOOST covers

iKS

L Yy YAY3

FYR AYLX SYSyiGlidGAzy

2T

WP6 MANAGE is the project management work package dtBH# OGI@roject.

WP6 MANAGE

l OWPI CONNECT EU-AU DIHs Ecosystem Building for systems change o

iKS

LINEP2S Ol Qa

FIGURE: DIGILOGIC WORK BREAKDOWN STRUCTURE
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A summary of the five tasks in WP4 is shown in Table 1. As can be seen in Table 1, Task 4.1 (T4.1) provides the
basis for the subsequent four tasks. In common with all WP4 task, T4.1 is led by VTT in collaboratigtiweth B
and MEST in Africa, amHMin Europe.

TABLH: WORK PACKAGE 4 TASKS

Lead Duration

Based on the work in and collaboration with WP1 and WP2
Challenges Scope | will define the overall scope and objectives of the four
and Objectives. Challenges, as input to the documentation describing the
"Call for Challenges”. Contributors: B-HIVE, DHM, MEST.

The outcome from this Task is the “Call for Challenges” set
of comprehensive documentation to inform the
formulation and evaluation of proposals to address the
challenges. Contributors: B-HIVE, DHM, FINN, MEST.

The purpose of this Task is to select 12 logistics projects
from the submitted proposals for progression to T4.4. Boot M21 - M22
Camp. Contributors: B-HIVE, DHM, FINN, MEST.

This task will involve organization of a 3-day Boot Camp
T4.4 Boot Camp that brings together the proposal teams selected in T4.3. VIT M23 — M24
Contributors: All.

T4.1 VTT M6 - M12

T4.2 Call for Challenges VTT M13 - M20

T43 Proposal Selection
Report

The selected teams will receive tailored mentoring,
coaching, and facilities access in order to carry out their
projects. This will involve in-process joint assessment and VTT M25 — M36
on-going formulation of team-specific support.
Contributors: B-HIVE, DHM, MEST.

Monitoring and

145 Reporting

A timeline for WP4 is shown in Figure 3. This encompasses the definition of lagjistfiengego be addressed

in T4.1; the launch of call for proposals in T4.2; evaluation of proposals in T4.3; the boot cal@ptdams
selected from the proposals in T4.4; and the implementation of projects by the 12 teams in T4.5. The
implementation projects will involve tailored mentoring, coaching, and facilities access provided by the
DIGILOGI€onsortium, boards, and othexxperts. Also, the timeline highlights that projects will be invited to
showcase their results at tHeIGILOGIEinal Demonstration Day, which is scheduled for October 2023.

WP4 Timeline

Projects Implementation
2023

Mentaring, coaching and
facility access will be

provided to the 12 teams by

Proposals Evaluated rovides :
Digilogic consortium

October 2022 members, Digilogic Boards’
. The best three members, and other experts.
Challenges Defined proposalsin each of
December 2021 four Challenge
Define the 4 categories will be
selected.

Challenges, as input to
Call for Challenges

Bootcamp (I.':embo dz?;g
ctober
N ber/D ber 2022
Call for Proposals ' o\rim er./ ecezl er'th' The best developed projects
May 2022 N so far as Is possible within will be invited to showcase

travel constraints, the 12 selected
teams will attend physical/ virtual
Bootcamp to refine their
proposed solutions to logistics
challenges, and begin planning of
the support they will receive
throughout 2023

Promotion of the call
through the whole
consortium and its
networks

their results at Digilogic's
Final Demo Day

FIGURB: WORK PACKAGE 4 TIMELINE
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Asummary of the four deliverables from WP4 is shown in Table 2. Deliverable 4.1 (D4.1) provides the basis for
the subsequent three deliverables. In common with all WP4 deliverables, D4.1 is led by VTT and is a public report.

TABLE: WORK PACKAGE 4 DELIVERABLES

Del No. Deliverable

Challenges Scope and Objectives (R, PU, M012, Leader VTT). This Deliverable defines the overall scope and objectives

D4.1 of the logistics Challenges, as input to Deliverable D4.2, describing the “Call for Challenges”

Call for Challenges (R, PU, M17, Leader VTT) This Deliverable is a set of documentation, which describes

D42 all the requirements and procedures relating to the Call for logistics-focused projects.

Proposal Selection Report (R, PU, M22, Leader VTT). This deliverable provides a summary of the Challenges proposals
and teams that were selected following the evaluation process. It includes statistics regarding the number of proposals
submitted, net value of the total number of proposals and the cost of funding the selected proposals.

D43

Challenges Conclusion Report (R, PU, M34, Leader VTT). This Deliverable is a compilation of the individual projects

D44 reports that are made as the projects progress.

As shown in Table 3, two of tHGILOGICIN2 2S00 Qa YAt Sad2ySa FINB gAGKAY

for proposals to address logisti€hallengesat M17, and the completion of the Boot Camp at M24.

TABLB: WORK PACKAGE 4 MILESTONES

M35 Launch of DIGILOGIC Challenges DIGILOGIC Challenges published M17

MS57 Bootcamp Bootcamp held 24

1.45h/ ; a9b¢ {¢w; / ¢} w9

The remainder of this deliverable document comprises four further sections. Next, in section 2, the methodology
for work carried out in T4.1. is described. Then, in section 3, the scope of the logfistiengedo be addressed
in terms of topics, partipants, and technologies. Subsequently, in section 4, the objectives of/eare

2

programming of support for the 12 teams selected in T4.3 are discussed. In the concluding section, 5, a summary

of T4.1. work is provided, and next steps in WP4 are outlined.
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As described below, the method of work in T4.1 has been to carrynaltiple iterations of reference to mukHi
vocal literature and obtaining expert inputs frodlGILOGIConsortium partners, fronDIGILOGIEligh Level
AdvisoryBoard and Impact and Innovation Boaas well asrom grass roots organizations.

2la, [b/ ! [ [ L¢Ow!C] w9

Multi-vocal literature reviews encompass formal academic literature and other types of publications [1].
Reference was made to peesviewed academic literate about innovation entrepreneurship in scientific
22dzNy I f &d C2NJ SEI YLX ST (KS &AO0OASYGATAO 22dz2NY I £ LI LISNI ¢
odzaiySaa LIXly O2YLISGAGAZ2Y AY bAISNRI ¢ homick[R](Dfovidesi LJdzo £ A
NAI2NRdza lylfteasSa 2F FftOSNYIFGABS YSGK2Ra ¥F2NJ SOt dzk G
reveals the profound difficulties of evaluating which staps will go on to be successful. Other types of
publications inclde publicly available online information produced by businesses, communities, institutions,
governments, and/or NGOs. Such publications are not necessarily peer reviewed and controlled by commercial
publishers, but can provide clear representations of ficacinformation. For example, the online publication

from Fortune magazine, Why Startups Fail, According to Their Foundess/fortune.com/2014/09/25/why-
startups-fail-accordingto-their-founders provides insights into the reasons why staps have such a low

success rate.

229.t9w¢ / hbe¢wL. ' ¢Lhb{

Expert inputs have been obtained through iterations of discussions Bli@ILOGIConsortium partners. Also,
expertinputs have been obtained through discussions with membeBIGILOGIZ&E | A IK [ S@St | RJA a
(HLAB) an®IGILOGIZA LYLJI Ol IyR Lyy2@LGA2y . 2FNR oOoLL.U0®

In particular,DIGILOGI@rganised the first Highevel Advisory Meeting on Wednesday 21st 2091, which

included Flora Tibazarwa, Programme Director SAIS Programme, Mark Mwangi Founder CEO Amitruck, Fabio
Scala Director at BNIBanco Nacional de Investimento, Professor Olayinka B&eist, Associate Dean, Lagos
Business School, Patlantic Uniersity, Professor Rajkumar Roy, Dean, School of Mathematics, Computer
Science and Engineering City, University of London, Holger Schneebeck Global Innovation Manager for Deutsche
Post DHL, Chuka Alumona Franklin Alumona, Direéwbal GTM Transformaticand Distributor operations,

Procter & Gamble, Mark Allison, Supply Chain and Logistics Executive, RTT Steven Gray Director Wardour Global
and Eric Lwao Manager Postal Services for the Zambia Information and Communications Technology Authority
(ZICTA).

During the meeting, a preliminary formulation of ti@hallenge$cope and Objectives was presented, and HLAB
members provided feedback. Subsequently, there was a fallpuneeting with Flora Tibazarwa and Olayinka
DavidWest, which involved very idepth discussion.

In addition,DIGILOGIGrganised its first Impactral Innovation Board Meeting on Wednesday 18th of August,

with the participation of six expert Board members, Nanko Madu Senior Programme Manager of AfriLabs, David
Coleman Founder and CEO of Cole Collective, Sesinam Dagadu Founder of SnooCode, Onyekachi Wa
Executive Director at the African Foundation for Development (AFFORD), Juha Kunnas Head of Product at Vakava
Technologies, Obaro M. Osah AGM, SME South, SME Group at the Bank of Industry.

Again, during the meeting, a preliminary formulation of tbledlengesScope and Objectives was presented, and
1IB members provided feedback. Subsequently, there were two fallpuneetings with David Coleman.
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These interactions with HLAB members and 1B members informed further developmentGliaiengeScope
and Objectives. Furthermore, they involved obtaining agreement from HLAB and IIB members that they could
contribute to evaluating proposals in T4.3, and to providing coaching support in T4.5.

As well as obtaining inputs from experts in AEGILOGIConsortum and itshoards, discussions have also been

carried out with experts involved in African grass roots innovation and entrepreneurship including International
Development Innovation NetworBouthern Africa Developing Countries (IBIN 5/ 0 | YR dGakdi K | T NA
Roots Innovation Programme. This is important to address the aim of the European Union, as summarized by

Wdzi G ' NLIAE I AYySy>S GKS 9dzNRPLISIY [/ 2YYA&aaA2ySNI F2NJ LyG S

work for all people. Noone shoudS f STi 0SKAYyRE ®
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In this section, the scope of logisti€hallengesencompassed by WP4 is described in terms of topics to be
addressed, geographic and demographic inclusivity, and breadth of technological options to be considered.

3.4¢ht L/ {

As summarized in Figure 3, building on work carried out at the beginning @IBROGI@roject in Task 1.1
Creating a common vision and bringing in key stakeholders into the initiative, and in Task 1.2 Rapid system
mapping and opportunity spotting, scepof topics for the Challengesare defined as warehousing,
transportation,point of sale, and end consumer.

I 1 R =

Warehousing Transport Point of sale End
consumer
Tracking +  Environmentally + Tracking + Addressing
Pooling of friendly vehicles + Addressing + Tracking
resources +  Matching + Routing +  KYC analytics
+ Cold chain storage * Routing + Inventory and + Biometric ID
« Automatization + Tracking ordering + Smart lockers
technologies technologies
+ Cold chain for retailers
monitoring and
+ Vehicles and distributors

drivers’ security

FIGURE: CHALLENGES TOPICS
3.1.1 Warehousing

The topic of warehousing encompasses issues such as the automatization, cold chain storage]itigeof
resources, and the tracking of inventory.

3.1.2 Transport

The topic of transportation includes issues such as cold chain monitoring, driver safety, environnfaatally
vehicles, load matching, routing, tracking, vehicle safety.

3.1.3 Point of sale

Thetopic point of sale covers issues such as addressing, inventory technologies for distributors and retailers,
ordering tecmologies for distributors and retailers, routing, smart payment, and tracking.

3.1.4 End consumer

The topic end consumegncompasses issues such as addressing, biometric identification (ID);ykniow
customer (KYC) analytics, smart lockers, and tracking.

Funded by the Horizon 2020
Framework Programme of the European Union
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3.2.1 Roles

Roles are being members of the @2allengeseamsand being providers of support to the Thallengeseams.
Support will be provided as teaspecific mentors or as subjespecific coaches. Support can be provided by
members of theDIGILOGI€onsortium; members oDIGILOGIBoards; and experts from outside BfGILOGILC

All teamspecific mentors will be memiog of the DIGILOGI€onsortium. Teamspecific mentors wilprovide

each team with its maipoint of contact throughout the ongear support programme. Subjespecific coaches

will provide expert support for the transfer of specific technologies or for the transfer of specific methodologies
to several teams. Subjespecific coaches can be frowithin the DIGILOGI€Consortium andfrom DIGILOGIC
Boards In addition, they can be from ositle ofDIGILOGLGor example, from government offices interested in
start-up initiatives and/or from large companies interested in connecting with stpgt Coordnation of roles

will be carried out via the DIGILOGIC Community Platform.

3.2.2 Geographical inclusivity

Ly FOO2NRIyOS 4AGK (GKS 9! Qa LINA2NARdGe GKIG a¢KS RAIAGIH
f STl o ®podalf ® addressdogistiGhallengesvill be considered from teams with participants frdahe

widest geographical scope withthe reach of the DIGILOGIC consortium. In particutdrallengeseam

members can come fromarban areas and from rural areas of the following countries: Ghana, Nigeria, Zambia,
Finland, Germany, Italy. Also, from Botswana, Kenya, Malawi, Mozambique, Namibia, South Africa, Zimbabwe.

As illustrated in Figure 5, participants from rural areas cambalved through rural innovation centres, such as

those in Botswana, which are connected to the wider International Development Innovation NeBgatkern

Africa Developing Countries (IDBMDC) [3]. This is consistent with the primary objective ofDi&LOGIC

project to boost the cooperation and partnership between African and European innovation hubs.

IDIN-SADC Consortium
Innovation Centers

Rural Innovation Centers
and Chapters in Botswana

-
13:‘:’ SAIS Letshego
g

":.0 ) SAIS Letshego

FIGURE: GEOGRAPHIC INCLUSIVITY

3.2.3 Demographic inclusivity

There will be diversity among members of the GRallengeseams and among providers of support to the 12
Challengedeams. As one of the overall objectives of tH2IGILOGI@roject is to empower African youth,

especially women and vulnerable groups, proposabsddress logisticshallengeswill be considered from teams

thatare attheidead (i F 3Sd® a2NB2GFSNE Ay | OO2NRIyOS gAdisnmikS 9! Q&
62N] F2NI Fft LIS2LX S b 2-stagy SaripKvdlldzé donsideBed frof Fuilal abe§sKas Yy R€ T
well as urban areas. This can be facilitated through collaboration with grass roots organizations such as
International Development Irovation NetworkSouthern Africa Developing Countries (IEHADC) and South

P TNAOI Q& DN} &daa w22da Lyy20FaGA2y t NB IdalenyeSvll alsoype | RRA (A
considered from scalstage starups. This is because they can alsoirbportant to another ofDIGILOGKZ &
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overall objectives: to strengthen the DIHs technology transfer capabilities to advance African innovators and ICT

professionals for better job opportunities.

3.3¢9/ | bh[ hDL 9 {

As summarized in Figure 6, comprehensive detatechnology analyses will be carried out using rigorous

methodologies in order to determine which technologies can bring significant net benefits relieily [3
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For example, asummarized in Figure 6a, technology analyses will encompass potential negative effects as well
as potential positive effects. At the same time, the dependencies upon which effects depend will be analysed in
detail in terms of causal mechanisms (Figure &b) the causal contexts (Figure 6c¢) npwhich those
mechanisms depend. Technology anealjswhich will be led by VThegin during the evaluation of proposals,
continue during bootcamp, and throughout the 12 projects as necessary.

Solutions to address logistichallengescan take into account the potential of a wide range of technologies,

including: artificial intelligence, augmented reality, big data analytics, digital twins, distributed leelgeriotes,

Internet of Things, ndxgeneration wireless, platforms and marketplaces, secure data exchange and data
sovereignty, smart payment, virtual reality, 3D printing. From the outset, the potential of alternative
technological options will be evaluated in terms of their general nees level and their situation readiness

level. For example, their readiness level in rural African situations compared to urban Europe situations. This will

serve to address another dDIGILOGIZE 2 @SNI ff 202SO0GAQPSayY ¢2 siei NBy (K¢
capabilities to advance African innovators and ICT professionals for better job opportunities.
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In this section, the objectives of the programme of support for theCh2llengeseamsselectedare described
in terms of futureproofing, naturebased solutions, generative learning, and high reliability.

41h 9w+ L 9?2

As explained in more detail in the following ssictions, the objectives of the WP4 epear programme of
support to the 12 teams selected to address logistitallengesare as follows:

to add to the capacity of the 12hallengeteams to grow sustainaplby cadevelopment of theifuture-
proofing [7] expertise (section 4.2);

including principles froomature-based solutionsfor high performance adaptation (section 4.3) e.g.
active inference (for example, please refer BFIGILOGI@ews piecs in Annex 2and Annex 4
introductory DIGILOGI{urnal paperin Annex 3 [8]and detailedDIGILOGI@aper in Annex 9]);
together with methodologies with proven potential to increase life spans &igh reliability
organizations (section 4.4) [10,11] throulife engineering [12,13 total quality management and
associated métodologies such as six sigma [14;15

with tailored mentoring / coaching / facilities access based on joirgrotess calesign, monitoring,
evaluation, andyenerative action learning16] for continuous improvement (section 4.5).

42C ¢ ' wdhhCLbD

Startups are founded by entrepreneurs with the aim ofvééoping scalable enterprises. However, despite start
up founders aiming for growth, the average failure rate of stggsis approximately 90 percent [17,1L8Thus,
rather than grow, nine out ten statps do not even survive. Moreover, predicting which stgy will be
successful is so difficult that it can be more effective to allocate sgarfunding randomly rather than on the
basisof analyzing startizLJa Q LJf ]. Accordiagly dmEw perspectives are needed to better enable-stdria Q
survival and growthThis is particularly important for stadps that will need to move goods amidst physical
shocks / stresses caused by widespread climmatated environmental changes [26]. Thus, irDIGILOGIGs
explained further in sections 4.3, 4.4., 4.5, we aim to develop the fytuoefing capacity of the 1€hallenges
team startups. Futureproofing involves anticipating future shocks / stresses and applying methods to minimize
their effects [79].

43b1 ¢9mw { 95 {h[' ¢Lhb/{

In 2021, it is argued that, in order to avoid exacerbating climate change and to develop the resilience of human
enterprises to climate change, natubased solutions are preferred [27 R8Naturebased solutions are very
relevant for addessing uncertainties in logistics. This is because success in logistics involves addressing
uncertainties about natural science fundamentals: matter, information, and energy. For example, uncertainties
about goods to be transported (matter), about routestructions (information), and about fuel consumption
(energy). Moreover, reference to natural sciences can be especially important forupsgrtand for large
organizations, where uncertainties are introduced into logistics unpredictably by extreme weathets and

other disruptions emerging from nature. One natdrased framework that can be applied for logistics stgys

is the active inference framework. This is focused on taking action in the world in order to reduce uncertainty
about how to survivelmportantly, active inference is applicable to all levels of life from brain cells to individual
people to large enterprises. Hence, it is very relevant to sipd that want to grow from one person with an

idea to a small team to a large organizati@i2p).
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High rdiability organizations (HRO) [10]Have reliable and effective operations amidst the dynamic complexity

of inter-related technologies operating in unpredictable environments. HROs employing five main priasiples
follows: (1) high awareness of the state of operating systems and processes; (2) acceptance that the work to be
done is complex with the potential to fail in new and unexpected ways; (3) preoccupation with the potential for
failure, which recognizes ae misses and uses them as opportunities to improve; (4) deference to the expertise
of those who do the work rather than those who manage those who do the work; and (5) practicing for resilience
by training for potential operating disruptions. These HRi@giples are very relevant to logistics stas that

seek to grow from an individual to an organization, using new combinations of technologies, amidst
environmental and competitive uncertainties. Furthermore, HRO principles and practices can be contptemen
by reference to methods in througlife engineering [2,13 and total quality management #115, which can

make marketofferings and companies more resilient amidst change.

4509 b 9w! ¢L+9 [9! wbLbD

Generative learning is the process of transforming incoming information into usable knowledge. Generative
learning involves actively constructing meaning fronbtslearned information by mentally reorganizing it and
AYGSaNI GAy3 Al sladgekKwithiy geteetivéiéainiag) the/niind is yio? aspassive consumer of
information. Rather, the mind actively constructs its own interpretations of information and draws inferences on
those interpretations. This form of active cognitive processing ersalel@ners to develop an understanding of

the material that they can apply in new situations. Accordingly, theyasr programme of support for the 12
challenge teams will be based on jointgrocess cedesign, monitoring, evaluation and improvement of
mentoring, coaching, and facilities access for generative action learning. In particular, the 12 challenge teams
will be active in the tailoring of their own programme to suit their own needs as they emerge throughout the
year. This will involve selectingdtailoring from support options including the following options:

sustainable business design (e.g. customer;aset, and beneficiary journey; go-market strategy for
flexible growth including new technologies and business models for digital Igistic

critical evaluation and implementation planning for new technologies;

continuous improvement methodologies for highliability in changing times including deased
design;

financial sustainabilityincluding opportunities to access funding in AU and EU;

growing as resilient teamsnentoring cedesigned with each team for each team (e.g. purpose and
resilience as founders and teams in Africa and Euxope

physical and mental webleing for highperformance;

storytelling and pitching skills;

developing pivoting skills as a core competence in relation to new technologies and business models for
digital logistics;

planning team building for different growth trajectories, and developing team suppostiils;
Africa/Europe ecosystem development/navigation (e.g. community building through identifying
important shared stakeholder networks for each team

initiating and managing investor relations;

resilient value chain management;

operating within diferent regulatory environments;

Africa- Europe unique selling proposition.

To foster generative learning throughout the epear programme, there will be monthly reviews during which
each team will give rating of the jointly tesigned mentoring and of access to facilities used the previous
month. Also, the 12 teams will giveefgback about how much impact on the development of their capabilities
they anticipate the mentoring / facilities they have participated in will have (no effect; small effect; large effect:
with narrative examples of types of impact anticipated). In additieach team will make suggestions for
improvements to the support already provided and make predictions of consequent improvement to
development of capabilities (e.g. from no effect to small effect; from small effect to large effect; from large effect
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to huge effect). This is important for future applications within and beyDih@ILOGIlG-urthermore, each team
will provide a review of its market relevance status, what support is needed next, what resources they may need
to change, what practicahallengeson the ground are getting better/worse.

Based on ths review, there will beco-design of support for the coming month. These monthly activities are
consistent with best practice in generative learning, which involves learners being active in sumnheaiziimg
and envisging future use [1p
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Work Package 4 of thBIGILOGI@roject, IMPLEMENT, is focused on carrying out actions with 12 teams of
innovators that address logistichallenges In accordance with the first overall objective@iGILOGICGhis will
contribute to increasing collaboration with the DIHs and emergingvators across Africa and Europe.

Also, WP4 will strengthen the DIHs technology transfer capabilities to advance African innovators and ICT
professionals for better job opportunities. In addition, work done in WP4 will contribute to empowering African
youth, especially women and vulnerable groups with entrepreneurial and digital literacy skills to significantly
increase good quality employment opportunities, including-sefiployment.

Furthermore, WP4 will involve value creation in the different ussesaof the 12 teams as suggested by
stakeholders needs. Moreover, WP4 will contribute to ensuring posfect sustainability and growth of the
DIGILOGI€cosystem, through interaction with experts in other networks of hubs such as those HSADN.
Thus WP4 makes contributions to all DIGILOGIZE 2 OSNI t t 202S0GAGSad

In this deliverable, 4.1, the scope of logisti€kallengesand of associated objectives for addressing logistics
challengeshave been described. In particular, scope has been explained in terms of loGistiltsngesopics,
Challengegarticipants, andChallengesechnologies. Scope has been related to the overall goal of the EU that

the digital transformation must work fall people. No one should be left behind. Objectives have been explained

in terms of futureproofing startups. This is appropriate as the survival rate of stgus$ is very low generally,

and logistics amidst climatehange related events in Africa and Hueds a particularly challenging setting for
start-ups. Also, objectives have been explained in terms of nabaseed solutions, high reliability organizations,

and generative learning through joint-lIN2 OSaa GF Af 2NA Yy 3 2 F-ubtkamsi Q & dzLJLI2 NI

52b9 - ¢ { ¢ 9t {

This document, deliverable 4.1, will provide the basis for further work in WP4 that leads to deliverable 4.2 Call
for Challenge$R, PU, M17, Leader VTT). This next deliverable will be a set of documentation, which describes all
the requirements and procedures relating to the call for logisfmsused projects. It will include text explaining

what type of projects are expected, how (and by when) to submit a proposal, the maximum time duration,
maximum funding, reporting scheme, etc. Alsowill explain procedures and criteria for the evaluation of
proposals. An important feature will be the necessity to be associated with a local DIH that is willing to mentor
and monitor the projects. This deliverable will be publicized widely by WRBanig different media channels.
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There are fouannexes: the bibliography; futuseroofing startups newspiecéntroduction to active inference
nature-based solution paper: anditure-proofing startups paper.
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Startup Fitness

In 2022, the DIGILOGIC project will make a call for proposals from innovators to develop novel solutions to
address challenges in logistics in Africa, in Europe, and between the two continents. From the proposals,
12 teams will be selected for a one-year programme of expert mentoring and access to the facilities of the
project partners. The expert mentoring will address the need to future-proof startups. This is essential

because the current survival rate of startups is very low.

Dr Stephen Fox, of DIGILOGIC project partner VTT, draws upon decades of natural sciences research in his new
journal paper, which relates business survival to fundamental principles for the survival of living things in

changing environments.

Dr Fox explains these principles in terms of charts that are widely used in business practice. In particular, radar
charts, process control charts, and bar charts. These are used to explain the essential need for businesses, as
other living things, to continually reduce information gaps between themselves and environments as both
change. In particular, it is imperative for businesses to reduce information gaps by paying continual attention
to signals from the external environment and by updating their business models as they do so. In other words,
businesses always need to maintain their fit with the changing environments in which they intend to survive:
i.e. maintain their ecological fitness. In the opinion of two co-founders of DIGILOGIC project partner,
BongoHive, Silumesii Maboshe and Simunza Muyangana, these findings from natural science research are
relevant to BongoHive itself and to the many startups that it supports through its wide range of programmes.
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Abstract: Active inference theory (AIT) is a corollary of the free-energy principle, which formalizes
cognition of living system’s autopoietic organization. AIT comprises specialist terminology and
mathematics used in theoretical neurobiology. Yet, active inference is common practice in human
organizations, such as private companies, public institutions, and not-for-profits. Active inference
encompasses three interrelated types of actions, which are carried out to minimize uncertainty
about how organizations will survive. The three types of action are updating work beliefs, shifting
work attention, and/or changing how work is performed. Accordingly, an alternative starting
point for grasping active inference, rather than trying to understand AIT specialist terminology and
mathematics, is to reflect upon lived experience. In other words, grasping active inference through au-
toethnographic research. In this short communication paper, accessing AIT through autoethnography
is explained in terms of active inference in existing organizational practice (implicit active inference),
new organizational methodologies that are informed by AIT (deliberative active inference), and
combining implicit and deliberative active inference, In addition, these autoethnographic options for
grasping AlT are related to generative learning.

Keywords: active inference; autoethnography; business models; environment; free energy principle;
gap analysis; generative learning; joint agent-environment systems; process control; radar charts;
survival; variational free energy

1. Introduction

Many human organizations do not survive [1,2]. Apropos, it is recognized in orga-
nizational studies that better understanding is needed of interactions between inference,
action, and learning [3-5]. Active inference theory (AIT) is relevant to this aim, as AIT
encompasses interactions between inference, action, and learning at all levels of life from
cells to societies [6]. In addition, AIT is applicable to automation technologies, which are
becoming more widely used by human organizations [7].

However, AIT comprises specialist terminology and mathematics from theoretical
neurobiology [8,9], which can obscure that active inference is an everyday experience in
human organizations. In particular, active inference encompasses three interrelated types
of actions, which can be carried out to minimize uncertainty about how organizations
will survive. The three types of action are updating work beliefs, shifting work attention,
and /or changing how work is performed. Accordingly, an alternative starting point for
grasping active inference, rather than trying to understand AIT specialist terminology and
mathematics, is to reflect upon lived experience. In other words, grasping active inference
through qualitative autoethnographic research, which involves self-reflection on personal
experience and connecting those reflections to wider contexts [10].

In this short communication paper, autoethnography is related to wider contexts
through a common method in organizational practice: gap analysis with radar charts [11,12].
This is done to illustrate accessing AIT through common practice in human organizations.
Next, in Section 2, an introduction to major constructs in active inference is provided in
terms of radar charts. Then, in Section 3, a description is provided of active inference
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within established methods in organizational practice (i.e., implicit active inference). Subse-
quently, in Section 4, combination of implicit and deliberative active inference is discussed,
with deliberative active inference being explicit application of AIT in the development of
organizational practice. In conclusion, in Section 5, generative learning of AIT is related to
autoethnography involving reference to active inference practice in human organizations.

2. Active Inference Constructs
2.1. Varying Survival Information Deficit (i.e., Variational Free Energy)

Living things aim to minimize their uncertainty about how they will survive in the
environments in which they are situated. Uncertainty comprises information gaps between
living things” models of themselves in the environment and their actual selves in the real
environment, for example, an information gap between an organization’s sales forecast
and its actual sales (e.g., forecast sales of 120 products per week versus actual sales of
100 products per week). One information gap can be related to another. For example,
sales forecasts and actual sales are related to cash flow forecasts and actual cash flow
(e.g., 120,000 euros income per week versus 100,000 euros income per week). A technical
term used in theoretical neurchiology for such information gaps is surprisal.

As illustrated in Figure 1, which uses the radar chart gap analysis format, information
gaps combine in the survival information deficit. This varies as living things change and
as environments change. In neurobiology terminology, the varying survival information
deficit can be described as variational free energy. The bigger the survival information
deficit, the worse the fit with the environment. As illustrated in Figure lc, there is an upper
limit to survival information deficit beyond which survival is not possible. In neurobiology
terminology, this maximum survival information deficit can be described as variational
free energy upper bound [13,14].

(a) (b) (c)

Figure 1. Varying survival information deficit. {a) Organization (inner shape) has good fit with the environment {outer
shape) due to minimal survival information deficit (green): organization can prosper in the environment. (b) Survival
information deficit increases but is tolerable (orange): organization can survive in the environment. (c) Survival information
deficit increases further and is not sustainable (red): organization cannot survive in the environment unless it improves
its fit with the environment. The red area illustrates the maximum survival information deficit for the organization in its
current environment.

As with other living things, different human organizations have different maximum
survival information deficits at different times as they change and as environments change.
For example, an organization with large cash reserves can survive the information gap
(i.e., surprisal) of slightly fewer sales than it forecast. Subsequently, however, when the
company has used up all its cash reserves, the same company may not be able to survive
lower sales than it has forecast because its financial outgoings (i.e., costs) will be more than
its financial incomings (i.e., revenue).
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2.2. Forecasting Errors (i.e., Prediction Errors)

As summarized in Figure 2, in order to reduce survival information deficit, organi-
zations can take actions along numerous parameters to change themselves and/or the
environments in which they are situated. From an ecological perspective, these survival
parameters can be described as fitness components [15]. The term generative process
refers to the actual structure of the world that generates observations that are made by the
organization. Generative model refers to how the organization expects the observations to
be generated [14]. In practice, a generative model corresponds to a business model [16].

Generative Process Generative Model

organization predicts incorrectly that its new market offering will meet customers’ expectations

organization predicts incorrectly that its next new market offering will meet customers’ expectations

organization predicts incorrectly that its next new market offering will maintain its cash flow

marketing survival parameter prediction error

financial survival parameter prediction error
organization predicts incorrectly that its new market offering will maintain its cash flow

marketing survival parameter prediction error

(b)

financial survival parameter prediction error

Figure 2. Forecasting errors. (a) Expected minimal survival information deficit (green) in the organization’s generative model
of itself in its environment is increased by forecasting errors about survival parameters to tolerable survival information
deficit (orange). (b) Expected tolerable survival information deficit (orange) in the organization’s generative model of itself

is increased by forecasting errors on survival parameters to unsustainable survival information deficit (red).
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Organizations” actions are based on their forecasts about the effects of their actions
on their survival parameter information gaps. These parameters can include, for example,
marketing, product development, procurement, production, delivery, finance, etc. Together,
parameters can comprise an organization’s business model [16], which can be described as
a generative model in the context of theoretical neurobiology terminology. Forecasts are
statements of survival preferences. For example, a preference for surviving in competitive
markets through high volume sales of economy goods. Forecasts are predictions of future
observations rather than plans that will be inevitably realized. This is because organizations
cannot know all causal factors in the environment that can affect their preferred observa-
tions, such as preferred observations of high-volume sales. Rather, many causal factors
are hidden from the organization. They can be hidden because of the general difficulty
of acquiring perfect information. In addition, they may be hidden because of deliberate
concealment, such as competitors keeping secret their rapid development of new products.
Apropos, in the context of theoretical neurobiology terminology, factors that contribute to
causing observations are referred to as hidden states.

Actions are taken iteratively to reduce differences between what is forecast to be
observed and what is observed (i.e., to reduce prediction errors). Actions can involve
making use of existing information (L.e., exploiting existing information) and/or searching
for other information (i.e., exploring for new information). Attention and work can be based
more on internal beliefs than information coming from the environment if an organization
has more confidence in internal beliefs than in information coming from the environment;
or vice versa. Actions can be updating beliefs about how to survive, shifting focus of
attention in trying to survive, and/or changing work performed in order to survive.
Actions can involve changing self and/or environment in order to improve fit between self
and environment.

Figure 2a illustrates an organization making forecasting errors in marketing and in
finance. In particular, the organization forecasts incorrectly that its new market offering
will meet customers” expectations, and that sales from its new market offering will maintain
its cash flow. Consequently, its actual survival information deficit is more than its expected
survival information deficit. Figure 2b illustrates that the organization does update its
generative model so that its expected survival information deficit is larger but tolerable.
However, the organization does not take the needed action of shifting its attention to pay
closer attention to customers” expectations. In addition, the organization does not take
the needed action of changing its work to provide a new market offering that better meets
customers’ expectations. Hence, the organization’s actual survival information deficit in
the generative process of the environment is more than its expected survival information
deficit and increases beyond tolerable to unsustainable.

2.3. Organizational Identity (i.e., Expected Free Energy)

As illustrated in Figure 2a, forecasting errors can combine to increase actual survival
information deficit. Then, as illustrated in Figure 2b, actual survival information deficit
can lead to an organization updating its expected survival information deficit. In the
context of theoretical neurobiology terminology, expected survival information deficit can
be described as expected free energy. It is important to note that while forecasts can be
made for survival parameter information gaps, forecasts cannot be made for expected
survival information deficit.

In the context of theoretical neurobiology, explanations of why expected free energy
cannot be predicted involve specialist mathematics. By contrast, those working in organi-
zational practice can make reference to everyday experiences to understand why expected
survival information deficit cannot be forecast. For example, from an internal perspective,
different survival parameters involve different types of information, such as product sales
in product units and cash flow in financial currency. Accordingly, survival information
gaps cannot be added together into an overall amount. From an external perspective,
market responses are different on different survival parameters. For example, competitors
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may introduce new products and banks may change financial arrangements. Again, these
changes cannot be added together into an overall amount. Moreover, there can be unpre-
dictable interactions between different external organizations and other causal factors in
the environment that are hidden from the organization. For example, sudden weather
events can disrupt both supply into the organization and demand for its products.

Hence, rather than being a forecast, expected survival information deficit is an ex-
pectation of the impression that an organization will make on its environment. This can
be considered in terms of organizational identity, which encompasses how an organiza-
tion prefers to see itself and would prefer to be seen by others [17,18]. For example, an
organization could prefer to be seen as an organization with a strong financial base that
provides its customers with good value products. As observations of an organization
will be different among different people, expected survival information deficit can be
considered as an average.

3. Implicit Organizational Active Inference

Active inference is implicit in some existing practices in human organizations. In this
section, a short summary is provided that goes beyond extant literature [19] by relating
process management charts to AIT surprisal and to countervailing preferences for suprisal
minimization within human organizations [20]. As shown in Figure 3, organizations can
plan and monitor survival parameter actions using bar charts, such as Gantt charts [21].
These charts are widely used in project activities, such as product development. Figure 3a
illustrates that the bars on such charts can provide summaries of preferred, expected, toler-
able, and unsustainable outcomes from actions. The forecast is that the action outcome will
be within the expected range. There is a forecasting error because, as shown in Figure 3b,
the actual action outcome is outside the expected range on the survival parameter.

surprisal —»

(a) preferred forecast unsustainable

(b)

Figure 3. Gantt chart style activity bar. (a) The planning bar shows the preferred, forecast, tolerable,
unsustainable ranges for the activity. The term surprisal is applicable to the tolerable range and
unsustainable range. (b) The bar shows the actual activity outcome, which is more than expected but
within tolerable limits.

As shown in Figure 4 below, organizations can also plan and monitor survival param-
eter actions using statistical process control charts [22]. These charts are widely used in
repetitive activities, for example in mass production. Figure 4 shows that such charts can
have upper control limits (UCL) and lower control limits (LCL), within which are upper
warning limits (UWL) and lower warning limits (LWL). UWL and LWL indicate the limits
of expected deviation from the mean that represents the preferred process outcome. UCL
and LCL indicate the limit of tolerable deviation from the mean. The forecast is that the
process will stay within the expected deviation from the mean, i.e., between the UWL
and the LWL. In Figure 4, the actual processes have been operating within the expected
deviation from the mean (i.e., between UWL and LWL) but have begun to drift outside the
expected range. Thus, there is a forecasting error.
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Figure 4. Statistical process control chart. The forecast is that the process will stay within the expected deviation from
the mean. UWL (upper warning limit) and LWL (lower warning limit) indicate the limits of expected deviation from the
mean that is the preferred process outcome. UCL (upper control limit) and LCL (lower control limit) indicate the limit of
tolerable deviation from the mean. The actual processes have been operating within the expected deviation from the mean
(i.e., between UWL and LWL) but have drifted outside the expected range. Thus, there is a forecasting error. The term
surprisal is applicable to the tolerable range and unsustainable range.

It is routine for organizations to make precise forecasts about survival parameter
actions. These can include sales forecasts for a new market offering and forecasts of cash
flows from those sales (Figure 2). They can also include durations for product development
projects that are intended to bring new products to market before competitors (Figure 3). In
addition, they can include manufacturing dimensions for new product parts (Figure 4}. As
illustrated in Figure 2, predictions errors on individual survival parameters are interrelated
in affecting survival information deficit. However, their interactions are characterized
by dynamic complexity between each other and as they interact with the environment.
For example, launching a new product later than predicted during product development
planning can give competitors an advantage. Also, manufacturing outside of predicted
dimensions can lead to poor product operation, which leads to potential customers buying
competitors’ products. Both of these can lead to lower than predicted sales and lower than
predicted cash flow. However, effects on sales and cash flow are also dependent upon the
actions of competitors. Thus, survival information deficit cannot be predicted precisely.
Rather, process charts are applied to individual internal processes on individual survival
parameters. They do not enable organizations to control the environment, which can exert
determining influence over survival information deficit. Hence, predictions about the
outcome of an action, or a series of actions, on a survival parameter are not predictions
of survival information deficit. Rather, they provide a basis for expectations about the
survival information deficit.

Within active inference theory (AIT), there are not process management constructs
such as those in Gantt charts and SPC charts. Rather, there are preferred observations and
the fundamental goal of surprisal minimization. Accordingly, there are not gradations such
as tolerable and unsustainable in AIT. However, organizations need process management
charts in order to manage countervailing preferences within organizational silos [20]. For
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example, a product development department may prefer to spend more money and take
more time than competitors to minimize product surprisal. In other words, to minimize the
gap between the product to be offered by the organization and potential customers” ideal
product. By contrast, the sales department would prefer to introduce a new product ata
lower price and before its competitors. This being preferred to minimize sales surprisal,
i.e., to minimize the gap between sales forecasts and actual sales. Apropos, process
management charts are used to address the potential for organizations” personnel to
minimize the source of surprisal that is most important to them, but to increase another
source of surprisal that is less important to them. In addition, process management
charts address the potential for causes beyond the control of the organization to affect
processes. For example, SPC charts used in manufacturing address the potential for the
properties of natural materials to affect the accuracy of their machining. Consider, for
example, the potential for knots in hardwood to decrease the precision of their machining
into furniture components. This can lead to machining drifting above warning limits
towards control limits. This can happen despite the best efforts of personnel to keep
machining within warning limits: i.e,, to minimize machining surprisal. Here, there can
again be countervailing preferences that need to be managed. For example, machining
surprisal could be minimized by the organization buying hardwood that has far fewer
knots. However, such hardwood could be far above the financial budget for manufacturing
the furniture components. Thus, machining surprisal could be minimized at the expense of
budget surprisal. So it is that minimizing surprisal in human organizations can involve
managing multiple countervailing preferences with the aid of process management charts.

4, Combining Implicit and Deliberative Organizational Active Inference

Deliberative active inference involves making reference to AIT literature in the de-
velopment of new organizational practice. One detailed example of deliberative active
inference is reported in [23]. As summarized in Table 1 below, there can be five generaliz-
able characteristics of deliberative active inference. First, there is an aspect of organizational
survival that is not addressed successfully already by implicit organizational active infer-
ence. Second, AIT literature suggests new directions for addressing the issue. Third, AIT
can be related to other theoretical resources from research in the natural sciences. Fourth,
new methods based on deliberative active inference can be related to established constructs
from organizational studies. Fifth, new methods based on deliberative active inference can
be related to established organizational practice. The remainder of this section describes a
new example in which these five characteristics are considered, and in which there can be
combination with implicit active inference from the outset. In particular, implicit active
inference in the use of radar charts [11,12].

Table 1. Characteristics of Deliberative Active Inference.

© 2020-2023DIGILOGIGvww.DIGILOGI@&frica

Characteristic

Example

Issue in organizational survival not addressed successfully by
implicit active inference in extant methodologies

Reciprocal synchronicity of organizations and
their environments

AIT literature suggests new directions for addressing the
organizational issue

AIT studies concerned with joint agent-environment systems

AT can be related to other theoretical resources from natural
science research

Natural science research concerned with joint learning and
development of agents and envircnments

New deliberative active inference method can be related to
established constructs from organizational studies

Organizational lifecycles and organizational design

New deliberative active inference method can be related to
established organizaticnal practice

Business model design and set-based design
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As summarized in Table 1, an aspect of organizational survival that is not addressed
successfully by implicit organizational active inference is the fit of organizations with
the environments in which they intended to survive and grow. In particular, fit is not
addressed in terms of the reciprocal synchronicity of organizations and environments as
they jointly learn to adapt to each other into order to co-exist successfully. AIT literature
suggests new directions for addressing this issue through studies concerned with joint
agent-environment systems [14] and model structure learning [24]. AIT can be related
to other theoretical resources from research in the natural sciences concerned with joint
learning and development of agents and environments [25]. New methods based on
deliberative active inference can be related to established constructs from organizational
studies, for example, organizational lifecycles [26] and organizational design [27]. New
methods based on deliberative active inference can be related to established organizational
practice in business model design [16] and set-based design [28].

In order to survive, organizations need to adapt their business models, which set-out
their what (e.g., market offerings), their how (e.g., operating processes) and their why
(e.g., value proposition). Here, it is important to note that notion of business models
being generative models is established in organizational studies. For example, it has
been argued that business models generate virtuous cycles, or feedback loops, that are
self-reinforcing [16]. However, this notion does not address the fundamental problem that
self-reinforcement of a business model can lead an organization not learning sufficiently
about environmental changes in order to undertake necessary business model adaptation.
For example, it is possible for a global provider of instant photographs to recognize that
its technology would be superseded by digital photography. Nonetheless, failure to carry
out work to adapt in order to provide digital photography can lead to the organization
not surviving [29]. More generally, an organization may not survive if its attention and its
work are based more on its out-of-date internal beliefs than on new information coming
from the environment [30,31]. This fundamental problem is addressed directly in studies
concerned with joint agent-environment systems, for example, with formulations such
as a stubborn agent might persist in its behavior despite contrary evidence [14]. From
an organizational perspective, contrary evidence could be, for example, falling product
sales, decreasing revenues, cash flow problems, and other contractions that can lead an
organization into a so-called death spiral [32].

AIT literature concerned with model structure learning provides important insights
into how organizations can keep themselves open to learning from the environment,
rather than learning only to reinforce their existing internal model. In particular, AIT
literature encompasses a generative model being equipped with open slots for learning
about new concepts. These open slots facilitate model expansion, which can be followed
by model reduction in order to prevent models becoming overly complex [24]. Similar in
organizational practice is set-based design. This isan approach to design that involves being
open to multiple design options simultaneously, rather than successively criticizing and
modifying a single design option [28]. However, set-based design is focused on product
development and business model design can be focused on reinforcement. Apropos,
changing business models from one to another often involves the abrupt change of so-
called pivoting [33] rather than continual synchronous adaptation with the environment.
By contrast, reference to AIT literature highlights the need for continuous learning with
the environment [14] and the need to keep open slots for model expansion together with
procedures preventing models from becoming overly complex [24]. Thus, reference to AIT
stimulates consideration of set-based business model design in practice in accordance with
fundamental active inference questions: should we change our work, should we shift our
attention, and /or should we update our current generative model in accordance with new
learning from the environment. Throughout, radar charts can be used to regularly map
both the organization and the environment as shown in Figures 1 and 2 above.
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5. Conclusions

Theoretical neurobiology terminology and mathematics used in AIT may not be the
best starting points for explaining AIT to the widest range of potential beneficiaries. An
alternative is for explanation to begin with individuals engaging in autoethnography,
i.e, self-reflection on personal experience and connecting reflections to wider contexts [10].
This may be a better alternative for many because all living things that survive are already
practitioners in what is intended to be described by AIT terminology and mathematics. In
particular, AIT is concerned with the daily experiences of trying to minimize uncertainty
about how to survive by updating beliefs, shifting attention, and performing work, which
may or may not be influenced by information from the environment depending upon
confidence in beliefs. Thus, understanding of active inference can begin by reflecting upon
lived experience, such as poor marketing leading to cash flow problems that undermine
organizational survival (Figure 2). Then, that lived experience can inform selection and
application of AIT constructs when seeking better explanation and improvement of efforts
to survive amidst changing environments.

Autoethnography can involve consideration of implicit and deliberative active infer-
ence in organizational practice using common methods such as radar charts. Importantly,
relating AIT to widely used methods such as radar charts has potential to facilitate genera-
tive learning of AIT by people who do not have a background in theoretical neurobiology.
Generative learning is the process of transforming incoming information into usable knowl-
edge. Generative learning involves actively constructing meaning from to-be-learned
information by mentally reorganizing it and integrating it with one’s existing knowledge,
for example, existing knowledge of methods applied in organizational practice. Within
generative learning, the mind is not a passive consumer of information. Rather, the mind
actively constructs its own interpretations of information and draws inferences from those
interpretations. This form of active cognitive processing enables learners to develop an
understanding of incoming information that they can apply in new situations [34]. For
some, the specialist AIT terminology and mathematics used in theoretical neurobiology
may provide the best format of incoming knowledge to transform into usable knowledge.
For many others, charts and other methods used in everyday organizational practice may
provide a better starting point.
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Future-proofing startups

In 2022, the Digilogic project will make a call for proposals from innovators to develop novel solutions to
address challenges in logistics in Africa, in Europe, and between the two continents. From the proposals, 12
teams will be selected for a one-year programme of expert mentoring and access to the facilities of the project
partners https:/digilogic.africa/the-challenges/. The expert mentoring will address the need to future-proof
startups. This is essential because the current survival rate of startups is very low. Future-proofing involves

anticipating future challenges and applying methods to minimizes their effects.

One major challenge facing startups is how to deal with stress caused by multiple uncertainties. In order to
provide a sound basis for future-proofing related to stress management, Dr Stephen Fox, of Digilogic project
partner VTT, draws upon decades of natural sciences research in his new journal paper: https://Mmww.mdpi.com

/1099-4300/23/9/1155 Future-proofing startups: Stress management principles based on adaptive calibration
model and active inference theory. Active inference involves taking action in the world in order to reduce
incertainty about how to survive. Importantly, active inference is applicable to all levels of life from brain cells
o individual people to large enterprises. Hence, it is very relevant to startups that want to grow from one

person with an idea to a small team to a large organization.

Eminent neuroscientist Professor Dr Karl Friston, who leads active inference research globally, has witnessed
increasing interest in findings from his research that reveal fundamental natural processes. In particular,
fundamental natural processes that can have determining influence over human actions and their outcomes,
Professor Friston considers that natural sciences research can be very relevant for addressing uncertainties in
logistics. This is because success in logistics involves addressing uncertainties about natural science
fundamentals: matter, information, and energy. For example, uncertainties about goods to be transported
(matter), about route instructions (information), and about fuel consumption (energy). Moreover, reference to
natural sciences can be especially important for startups, and for large organizations, where uncertainties are
introduced into logistics unpredictably by extreme weather events and other disruptions emerging from

nature.
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Abstract: In this paper, the Adaptive Calibration Model (ACM) and Active Inference Theory (AIT)
are related to future-proofing startups. ACM encompasses the allocation of energy by the stress
response system to alternative options for action, depending upon individuals’ life histories and
changing external contexts. More broadly, within AIT, it is posited that humans survive by taking
action to align their internal generative models with sensory inputs from external states. The first
contribution of the paper is to address the need for future-proofing methods for startups by providing
eight stress management principles based on ACM and AIT. Future-proofing methods are needed
because, typically, nine out of ten startups do not survive. A second contribution is to relate ACM
and AIT to startup life cycle stages. The third contribution is to provide practical examples that
show the broader relevance ACM and AT to organizational practice. These contributions go beyond
previous literature concerned with entrepreneurial stress and organizational stress. In particular,
rather than focusing on particular stressors, this paper is focused on the recalibrating /updating of
startups’ stress responsivity patterns in relation to changes in the internal state of the startup and /or
changes in the external state. Overall, the paper makes a contribution to relating physics of life
constructs concerned with energy, action and ecological fithess to human organizations.

Keywords: active inference theory (AIT); adaptive calibration model (ACM); double-loop learning;
conservation of resources; free energy principle; physics of life; startups; stress; triple-loop learning

1. Introduction

Startups are founded by entreprenecurs with the aim of developing scalable enterprises.
However, despite startup founders aiming for growth, the failure rate of startups is approx-
imately 90 percent. Thus, rather than grow, typically only one out of ten startups survive.
Moreover, predicting which startup will be successful is so difficult that it can be more
effective to allocate startup funding randomly rather than on the basis of analyzing startups’
plans [1-4]. Accordingly, new perspectives are needed to better enable startups’ survival
and growth: especially amidst the challenges introduced by widespread climate-related
environmental changes [5-10]. Here, future-proofing is relevant. This involves anticipating
future challenges and applying methods to minimizes their effects [11-15].

A long established method for improving the performance of organizations is the
definition of principles that can guide operations successfully in a wide variety of set-
tings [16,17]. In 2021, it is argued that, in order to avoid exacerbating climate change and
to develop the resilience of human enterprises to climate change, nature-based methods
are preferred [18,19]. Hitherto, however, underlying principles that guide the organization
of nature have not been considered as a basis for providing principles for future-proofing
startups. This is despite the nature-based term, ecosystem, being widely used in connection
with startups [20,21]. By contrast, in this paper, the Adaptive Calibration Model (ACM) [22]
and Active Inference Theory (AIT) [23] are related to the future-proofing of startups.

ACM addresses the allocation of finite time and energy by the stress response sys-
tem to alternative options for actions, depending upon individuals’ life histories and
changing external contexts [22]. ACM is relevant to organizational life cycles from an
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entrepreneur with a startup idea through to the few startups that grow to become large
organizations. For example, the need to manage stress is recognized in literature concerned
with entrepreneurs [24,25] and large organizations [26,27]. Active Inference Theory (AIT)
is a physics of life process theory [23], which is a corollary of the Free Energy Principle
(FEP) [28]. Within AIT, living things, including humans, implement internal generative
models in order to survive. This involves humans surviving by taking action to align
their internal generative models with sensory inputs from external states. In accordance
with FEP, this is done to address the existential need for active systems to minimize the
long-term average of unwanted surprise from external states: ie., from the world [28].
Within stress studies incorporating AIT, stress arises from existential information entropy
in trying to align the internal state with the external state: i.e., stress arises from uncer-
tainty about survival [29,30]. Apropos, stress can lead to the collapse of higher goals in
internal generative models [29], and stress can lead to the formulation of maladapted
internal generative models with negative prior expectations that override positive sensory
inputs [30].

As explained in the following sections, ACM and AIT can provide physics of life
principles for addressing the potential of the stress response system to support or to
undermine survival through action. ACM and AIT are related to future-proofing startups
in the five remaining sections. In Section 2, ACM is related to life cycle phases of startups.
In Section 3, ACM and AIT are related to business model development and marketing. In
Section 4, ACM and AIT is related to startup practice in terms of the need for living things to
maintain non-equilibrium steady states (NESS). In Section 5, stress management principles
for the future-proofing of startups based on ACM and AIT are proposed. In Section 6,
principal contributions are stated and directions for further research are proposed. ACM
and AIT are applied together in this paper because under active inference, self-organizing
systems must select between alternative courses of action hased upon their expected
potential to align sensory data predicted by the internal generative models with those data
generated by external states. However, AIT does not define what are the sequences of
stress management actions (i.e., policies) that the self-organizing system can select between.
Hence, ACM complements AIT by offering a defined set of stress responsivity patterns that
do offer stress management policies that a startup can select between.

Three contributions are intended from the paper. First, to make a contribution to
addressing the need for future-proofing methods for startups. Second, to relate ACM
and AIT to startup life cycles in order to provide principles for recalibrating /updating
stress response patterns to changes in startups’ internal states and changes in the external
state within which startups seek to survive. This is different to previous studies that
have focused on particular stressors [24-27]: rather than on recalibration/updating of
stress responsivity patterns. Third, to provide practical examples that show the broader
relevance ACM and AIT to organizational practice. Previous research has explained the
relevance of AIT to human organizations that offer high volume low variety goods and/or
services: e.g., mass production organizations deploying quality management systems.
However, previous research has highlighted the need to for further investigation of AIT’s
relevance to human organizations [31]. Overall, the paper makes a contribution to relating
physics of life constructs concerned with energy, action, and ecological fitness to practice in
human organizations.

2. Adaptive Calibration Model (ACM): Startup Life Cycle

ACM addresses ways by which living things deploy stress response systems to allocate
finite time and energy throughout their life cycle in order to survive [22]. Startups can have
four lifecycle stages: business model development, transition, scaling, and exit. During
business model development, organization is typically informal. During transition, the
loosely structured informality of the initial stage changes to a more structured form that
can facilitate rapid scaling. During the scaling phase, functional specialists take roles once
covered by generalists, and formal procedures replace ad hoc decision making. At some
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point, an “exit” is undertaken through initial public offering of shares, private sale, merger,
or acquisition [32]. In terms of ecological fitness, these four stages can be considered as two
phases: arrival of the fittest and survival of the fittest [33]. In particular, the arrival of the
species with the highest ecological fitness for an environmental niche is brought about by
natural innovation processes. Subsequently, the survival of the fittest takes place through
preservation of fittest through natural selection of useful adaptations. Ecological fitness
is the potential of living things to survive in environmental niches through competition,
cooperation, and/or construction that changes the environment [34].

At the outset of a startup when it is one person with an idea, the startup’s stress
response system can be its founder’s stress response system, which will involve interactions
between the person’s the sympathetic system, parasympathetic system, and hypothalamic-
pituitary-adrenal axis (HFA). The sympathetic nervous system prepares the body for the
“fight or flight” response during any potential danger. This is complemented by the
parasympathetic nervous system that inhibits the body from overworking and restores the
body to a calm and composed state [35]. Meanwhile, the HPA controls reactions to stress
and regulates many body processes, including energy storage and expenditure. As the life
cycle of a startup progresses, these functions need to be replaced by well-resourced formal
operating procedures [27,36],

The allocation of time and energy during life cycle stages is crucial as both are limited.
Hence, there are trade-offs between their allocation to different components of ecological
fitness. For example, between investing in exploitation of existing information to promote
current market offerings versus investing in exploration for new information to enable new
market offerings. Within ACM, each trade-off is a decision node in allocation of resources,
and each decision node influences the next decision node, which opens up some options
while closing off other options, in a chain over the life course [37].

Within ACM, there is no one best life course. Rather there is adaptive developmental
plasticity that involves interaction between internal and external variables. With regard
to internal variables, the stress response system acts as an integrative mechanism, which
mediates the development of alternative life strategies that are adaptive in different envi-
ronmental conditions. This leads to conditional adaptive developmental variation through
what is described in organizational studies as double-loop learning [38]. In particular,
information encoded by the stress response system during development feeds back on the
long-term calibration of the system itself. This double-loop learning results in adaptive
patterns of stress responsivity, stress appraisals, and consequent individual differences
in life history-related behavior. With regard to changing external variables, at different
locations at different times there can be changing resource availability, environment charac-
teristics, and uncertainty. The purpose of adaptive developmental plasticity is to maximize
ecological fitness [22]. In terms of ACM, the move from one life cycle stage to the next can
be switch points for the calibration of stress responsivity. For example, in the life cycle of
startups when there are crises of leadership and bureaucracy during moving from informal
to formal structure [32].

Through the stress response system, Adaptive Calibration Model (ACM) addresses
the coordination of allostatic responses. Allostasis is the process of achieving internal
stability through physiclogical or behavioral change—in contrast with homeostasis, which
maintains internal stability by maintaining the organisim’s internal state at a set point [22].
Also, ACM encompasses the encoding and filtering of information from the environment,
thus mediating openness to environmental inputs. In particular, the stress response system
continuously “samples” the environment, and its pattern of activation over the years
provides a representation of key dimensions of the environment, which can then be used
to orient the individual’s developing life history strategy. Different strategies may require
different calibrations of the stress response system. In addition, ACM encompasses the
regulation of traits and behaviors that can affect ecological fitness [22].

Within ACM, four prototypical patterns of stress responsivity are posited: sensitive
(1), buffered (II), vigilant (III), and unemotional (IV). Sensitive pattern (I) is characterized
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by openness to the physical and social environment, which enable rapid adjustment to
temporary perturbations in the environment through low risk cooperative life history
strategies. Buffered pattern (Il) is characterized by low-to-moderate stress responsivity in
active engagement with the social environment involving long-term relationships. Buffered
pattern is distributed widely across environmental conditions compared to sensitive pattern
that is more likely in protective, low-stress developmental contexts. Vigilant pattern (III)
develops in stressful contexts, where they enable people to cope effectively with dangers
and threats in the physical and social environment. In the vigilant pattern, psychological
resources are employed to monitor and cope with possible sources of threat and /or social
competition, rather than to maximize learning and relaxed exploration as in the sensitive
pattern (I). In the unemotional pattern (IV), there is generalized unresponsivity that inhibits
social learning and sensitivity to social feedback, which can also increase risk-taking by
blocking information about dangers and threats in the environments. Different stress
responsivity patterns can lead to different appraisals of the same event: i.e., different stress
appraisals of the same event [22].

A summary of ACM for startups is provided in Figure 1. Based on [22], this diagram shows
that the stress response system (SRS) filters and/or amplifies unpredictable/uncontrollable
events and threats/dangers in relation to support system that can offset them. At the same
time, SRS filters and /or amplifies novelties in the environment and social feedback. Filter-
ing and /or amplification regulate life history traits in terms of decisions about allocation of
time and energy to competitive actions, cooperative actions, and/or construction actions.
Initially, SRS is situated amidst psychomotor characteristics of founders. Subsequently, SRS
is situated with organizational characteristics such as policy statements. Throughout, these
include stress responsivity patterns (I, II, III, or IV), which affect and are affected by the SRS
as it is calibrated through double-loop learning during active inference. In the following
sections, adaptive calibration through active inference is related to startup lifecycle stages.

psychomotor /
organizational
characteristics
including stress
response pattern
h

novelties in the
environment

unpredictable /
uncontrollable

competitive
events actions
threats / filtering / allocation of construction
dangers amplification time and energy actions
l cooperative
support system agnons

adaptive calibration

through double-loop
learning

in active inference

social feedback

Figure 1. Adaptive Calibration Model for Startups.
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3. Business Model Development and Transition: Arrival of the Fittest
3.1. Business Model Development: Formulation of Internal Generative Model

The first phase of a startup can involve five activities [39]. First, formulating fal-
sifiable hypotheses about a startup idea. Second, embedding these hypotheses into a
designed business model. Third, developing a minimum viable product in order to test
the business model. Fourth, customer development through identifying “earlyvangelist”
customers from whom to receive feedback that can inform discovery and/or creation of
many more customers. Fifth, running tests with multiple iterations to make decisions about
whether or not to persevere with the startup idea. Together, these five activities span build-
measure-learn-feedback that can lead to the startup having a well-defined business model
encompassing its value proposition, market segments, cost structure, revenue streams,
etc., [39]. Common across the five activities are opportunity creation, effectuation, and
bricolage. In startup scholarship concerned with opportunity creation, opportunities for
entrepreneurial profit are formed endogenously through action amidst uncertainty where
outcomes are difficult to determine [40,41]. Similarly, within scholarship concerned with
effectuation, opportunities are often endogenous to actors who focus on what can be done
to move toward a yet-to-be-determined near-term future end point [42,43]. Additionally,
within scholarship concerned with bricolage, actors are creative. In particular, they use
whatever is at hand to create new solutions to problems as they arise [44,45]. The need for
action is common across lean startup, opportunity creation, effectuation, and bricolage.
The importance of action is further emphasized in scholarship that reports on action theory
and action learning [46,47].

Similarly, action is at the core of AIT [48]. In particular, humans survive by taking
action to reduce information gaps between their internal models and reality [30]. This
involves actions being taken with the aim of aligning the sensory data predicted by the
internal generative models with those data generated by external states. Better aligning
includes formulating new internal generative models through insights gained via curiosity
in exploring new external states [49]. For other livings things, such exploration may require
being physically present in the new external state. By contrast, humans can undertake
curiosity-driven exploration without being physically present in the new external state:
for example, through discovery via the World Wide Web. Moreover, beliefs about the
new external state can exist, at least partially, only in the mind of a person who envisages
a future external state: for example, a future external state in which a startup has been
founded and has grown into a large organization with global reach. Thus, the formulation
of an internal generative model can involve imagining a future external state. In particular,
a person can imagine themselves in the future within the imagined future external state [50].
Through this sophisticated active inference, a startup founder can consider simultaneously
“what would happen if I did that” and “what I would believe about what would happen if I
did that” [51]. Additionally, through theory of mind, the startup founder can consider what
other people think about the action taken and what other humans would think about the
startup founder for taking the action [52]. Thus, a startup founder can formulate internal
generative models that can encompass alternative potential startups situated in future
external states. These internal generative models can encompass alternative courses of
action, such as market offerings of goods/services, founder’s own feelings about those
market offerings, founder’s estimate of potential customers” feelings about the market
offerings, and founder’s estimate of the feelings of society about the startup founder and
the startup.

Compared to detailed internal generative models for routine daily life, nascent internal
generative models for alternative potential future startups can be lacking in detail. They can
be conceptual models that need more sampling from the external state to become schematic
models that can provide the basis for beginning lean startup by formulating falsifiable
hypotheses about the startup ideas. Further sampling from the external state is required
to embed these hypotheses into a business model. Then, more sampling is required to
enable development of a minimum viable product in order to test the business model. By
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