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Abstract. The author has shown that modern technologies do not always meet the expectations of farmers, and this may
adversely affect the pace of innovation. It has been confirmed that the developers of agricultural equipment do not clearly
understand the context of the use of products and identified the need to use a multi-factor approach: therefore, partners
possessing specific knowledge in different areas should join efforts in project activities at all stages of innovation. (Research
purpose) To prove that a user-centered design and a multi-factor approach in the development of agricultural machinery
increase their efficiency and accelerate the introduction of innovations. (Materials and methods) It is shown that Finnish
research and development projects of agricultural machinery design involve numerous participants and end users. For
example, the seven-metre-wide combi drill ‘Junkkari W700° was designed by the Finnish manufacturer Junkkari Oy in
close cooperation with end-users and researchers. As a result of the innovation process several benefits have been realized.
The drill is easy to operate and service. The users appreciate the straight-forward construction and moderate cost of the
drill as compared to competing pneumatic drills. The need for hydraulics is minimized and the row spacing and coulter
design has been optimized so that economical tractors with moderate drawbar power can be used. The ISOBUS-based
control electronics was designed to be fitted either in the existing tractor or, if ISOBUS is missing, with an optional cable-
set and terminal. That enables the users to easily integrate the drill in existing machine chains, having either modern or older
tractors, without extra tractor investments. Much attention was put on quality, e.g. individual feeders for every coulter
give accurate dosage of seed and fertilizer. The prototyping together with end-users and researchers enabled Junkkari to
speed up the innovation process. (Results and discussion) Several benefits proved to have been realized. First of all, the
drill is easy to operate and service. The users appreciate the straight-forward construction and moderate cost of the drill
as compared to competing pneumatic drills. The need for hydraulics is minimized and the row spacing and coulter design
has been optimized so that economical tractors with moderate drawbar power can be used. The ISOBUS-based control
electronics as well as an optional cable-set and terminal were designed to be fitted either in the existing tractor. That enables
the users to easily integrate the drill in existing machine types, having either modern or older tractors, without extra tractor
investments. The design quality was approved, e.g. individual feeders for every coulter give accurate metering of seeds
and fertilizers. (Conclusions) The author proves that user-centered design and multi-factor approach methodologies have
benefits both for the users and manufacturers. Swift innovation process saves resources and minimizes the need for excess
iterations in the innovation process.
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Pedepart. [Tokazamu, 4To COBpeMEHHBIE TEXHOJIOTUH HE BCETIA COOTBETCTBYIOT OKUIAHIAM (PepMEpOB, a 3TO OTPUIIATENb-
HO CKa3bIBaeTCsl He TeMIIaX BHeJpeHWs WHHOBalmil. [loaTBepamn, yTo pa3pabOTUMKH CENbXO3TEXHUKH HEIOCTATOYHO
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YETKO MOHUMAIOT KOHTEKCT MCIIOJIB30BAHUS MPOAYKTOB. BHIABUIM HEOOXOAUMOCTh MCIIONB30BAHUS MHOTO(AKTOPHOTO
MOJX0/a; MapTHEpaM, 00JIaJal0IIUM CIICIUATIbHBIMU 3HAHUSMHU B Pa3HbIX 00JIACTSIX, CIeIyeT O0bEIUHATh YCUITHS B TIPO-
€KTHOH JIeATEITbHOCT! Ha BCEX 3Tanax BHEAPEHHs nHHoBAIWMA. (LJens uccredosanus) Jloka3ath, 4To OpUEHTHPOBAHHAS HA
TIOJIb30BATENsl KOHCTPYKIMS U MHOTO(hAKTOPHBIN TOAXO0 MPH Pa3pabOoTKe CeTbCKOXO03CTBEHHBIX MAIIIMH MOBBIIIAIOT UX
9(hpeKTUBHOCTH U YCKOPSIOT BHENPEHNE MHHOBAIMH. (Mamepuanst u memodst) Ilokazanm, 9To B PUHCKAX HCCISTOBAHMISIX
¥ pa3paboTKax KOHCTPYKIMH CEITbCKOXO03SHCTBEHHBIX MAIIIMH B TPOLECC OBLIN BKIFOUEHBI MHOTOUHCIICHHBIE YIACTHUKH U
KOHEUHBIE TToNTb30BaTeu. Hampumep, komOuHnpoBaHHYyI0 cesmky Junkkari W700 ¢ mupuHO#t 3axBaTa 7 MeTpOB GUHCKHI
npousBoauTenb Junkkari paspabortan B TECHOM COTpPYIHHYECTBE MHKEHEPOB U epMepoB. (Pesyavmamst u ocyiicoenie)
IMoarBepauiy, 4TO TAKOM MOIXO]] IOMOTAET PEan30BaTh HECKOJILKO ITPEUMYIIECTB, PRI BCErO MPOCTOTY U YA0OCTBO
B OKCILTyaTallu 1 0OCTyKUBAHUHU CESIIKH, & TAKKE YMEPEHHYIO CTOMMOCTD [0 CPABHEHHIO C THEBMATHYCCKUMH aHaJIoTa-
mu. [ToTpeOHOCTh B THAPABIMKE CBEICHA K MUHUMYMY, @ MEKIYPSIHOE PACCTOSHUE U KOHCTPYKI[MS COITHUKOB OTITUMHU-
3UPOBAHbI, UTO TO3BOJIAET UCIIOIB30BATh IKOHOMUYHbBIE TPAKTOPBI ¢ YMEPEHHOH TAroi. [1pn arperaTUpoBaHUM C TPaK-
TOpaMu TpenycMoTpeHsl Kak cucteMa ISOBUS, Tak u TOTOMHUTENBHBIA KOMIUIEKT Kalenel U BHIBOJOB. YCTAHOBHIIH,
410 (hepMephl MOTYT JIETKO MHTETPUPOBATh CESUIKY B CYIIECTBYIOIINE TUITBI MAIIMH, UCIIOJIb3YSI COBPEMEHHBIE UITH CTa-
pbIe TPAKTOPBI, O€3 JOTONHUTENBHBIX 3aTPAT HA HOBBIE TPAKTOPBI. [1oATBEpININ Ka4eCTBO KOHCTPYKIINH, HATIPUMED,
WHMBUIYaTIbHBIE 103aTOPBI [T KAXKIAOTO CONTHMKA 00ECTeurBalOT TOUHYIO JO3UPOBKY CEMSH M YI0O0peHuid. (Bb1600b1)
Jlokasany, 4TO OPMEHTHPOBAHHAS HA MOJIb30BATE/sI KOHCTPYKLMS U MHOTO(GAKTOPHBIN ITOAX0 MMEIOT IPEUMYIIECTBA
Kax Juist pepMepoB, Tak U I MAIIMHOCTpouTeneil. ONpeeNniiu, YTo COKpaIlleH!e KOIHYECTBA 3TANOB BHEAPEHHUS HHHO-
BaIUi YCKOPUT UHHOBAILIMOHHBII IIPOLIECC U CIKOHOMUT PECYPCHI.

Karouesbie cioBa: cenbckoe X0351HCTBO, pa3paboTKa CeNbCKOX03SHCTBEHHBIX MAIIINH, BHEPEHUE MHHOBAIUI, OPUEHTHPO-
BAaHHAS HA MOJIb30BATEIISI KOHCTPYKIIUS, MHOTO(GAKTOPHBIN TOX0]], KOMOMHUPOBAHHAS CESUIKA.

I Ias uurnpoBanus: Xaamnana X. [IpuMeHeHHEe OPUEHTHPOBAHHON Ha MOJIb30BATE I KOHCTPYKIIUU K MHOTO-
(hakTOPHOTO MOAXOAA IIPH BHEPEHUU HHHOBAIMN HA IPUMEPE MPOSKTUPOBAHUSI KOMOMHUPOBAHHOM CeslI-
ku I/ Cenvckoxoszsaiicmeennvie mawiunol u mexuono2uu. 2019. T. 13. N2. C. 15-19. DOI 10.22314/2073-7599-2018-
13-2-15-19.

istinguished pioneer of innovation research, tise (Fig. 2) [4]. Innovation in agriculture often stops
Dr. Joseph Schumpeter, made a widely utilized at the adoption phase. Dissemination and embedding
definition of innovation already in the 1930’s.  so that true innovation is not realized.
According to Schumpeter, true innovations need to
give distinct benefits for their users and, simultaneously,
they need to be widely adopted [1, 2].

Current innovation research models innovations
as repetitive circles where the solutions develop itera-
tively. There are driving forces and obstacles for inno-
vation. The changing innovation environment has var-
ious effects on the innovation process (Fig. 1) [3].

The Spiral of Innovation illustrates the phases of
innovation from the initial idea to embedding in prac-

And so forth

Second cyele Fig. 2. The Spiral of Innovation

The reasons for poor adoption are traditionally re-
Innovation , garded as economical. Higher cost and uncertain bene-
processes ‘ fits are considered to the main reasons why new solu-
tions are not purchased. However, according to recent
research, there are other important obstacles for adop-
tion. Usability issues in products or services cause the
users to get bad experiences using new technologies [5].
Bad experiences are communicated effectively in the so-
Fig. 1. The dynamic process of innovation development ciety. This causes mistrust on new solutions as a whole [6].
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Consequently, in agriculture, the adoption of new
technologies is considered slower than wanted [6]. This
is best seen in radical innovations such as Precision
Agriculture [6-8]. Incremental modifications of exist-
ing technologies are easier to accept. On the other
hand, innovations on component level are easier to
adopt than those in system level (Fig. 3) [3].

S:sterln Minimum/zero ;ontrolle::l’,
el tillage "::ﬁ:s;in Precision
Improved harvest F:: logical farming
technolo, coogica ical farmin
BY production Vertical farming
systems
New types of
Newsnt | ools nareen
products :wses'l LED lights
: ew soi
New seed variety cultivation
devices
Component
Level
Incremental ————e Radical
Modification (new in the world)

Fig 3. Agricultural incremental and radical innovations (modified
Henderson-Clark Model)

If not widely adopted the innovations do not give
their full potential. If the process is totally aborted,
all the investments in R&D are done in vain, and the
projected benefits of the new solutions are not realized
[6, 8-10]. To avoid these losses, it is important that the
developed products are accepted by their users. Users
are in an important role.

According to recent research, an important buy-
ing criterion of new solutions in agriculture is usabil-
ity [6]. Jacob Nielsen states that usable products have
a good combination of ease-of-use, learnability, and
efficiency [11]. They also operate with few errors. Fi-
nally, they are subjectively pleasing.

The technologies need first to be purchased, and
then used in a proper manner so that their benefits are
realized, so that the users return to buy again (Fig. 4) [6].

User-Centred Design (UCD) is a methodology for
designing usable technologies and services. It is wide-
ly utilized to ensure better end-user acceptance. In-
clusion of end-users in innovation makes the products
more suitable for the users’ variable situations. The
UCD also builds the users’ trust on the solutions. Even-
tually, UCD reduces need for iteration in the process,
thus speeding up the innovation [6, 12]

Multi-Actor Approach (MAA) brings different
kinds of people together to develop solutions. Best re-
sults are achieved when the participants have long
enough cognitive distances. MAA speeds up the in-
novation processes as the products have been assessed
from several angles [3]. The probability for reaching
a winning product arise.

THE RESEARCH PURPOSE is to prove that the User-Ori-
ented Design and the Multi-Factor Approach applied
in the designing of agricultural machinery increase
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Fig. 4. User-Centred Design as a tool to enhance innovation

their efficiency and accelerate the introduction of in-
novations.

MAaTERIALS AND METHODS. Two research projects on
agricultural innovations, ‘Speeding up innovation in
agriculture” and ‘AgriSpin” were initiated. A case-study
of designing a new type of combi drill was done.

"Speeding up innovation in agriculture” (2011-2012)
was funded by the of the Organisation for Economic
Co-operation and Development. The research was
done as a web-based questionnaire (N=41) and per-
sonal interviews of selected experts (N=10). Webropol™
software was used for the questionnaire. The respond-
ents’ competence profile was variable. They were strong
in engineering, research and practical use of technol-
ogies at the farm level. Weeknessess were found in
skills in marketing and sales. Neither they were famil-
iar with teaching of design.

The questionnaire had three parts: assessing the
current PF technology, the application rate of PF tech-
nology, and the acceptability as a challenge in PF. Fur-
thermore, the responders were asked to tell what they
thought about the applicability of UCD as a method-
ology to enhance innovation in agricultural engineer-
ing. The experts also gave their opinions and visions
of the most important research and development top-
ics of UCD in agricultural engineering. Finally, they
rated the importance and urgency of UCD and PF re-
lated actions in research policy.

"‘AgriSpin” (2015-2017), was funded by EU research
and innovation program Horizon 2020. The objective
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of AgriSpin was to systematically explore innovation
intermediaries’ practices and support services in ag-
riculture and rural development across Europe. The
overall goal was to help create a stimulating environ-
ment for innovations.

The Cross Visit Methodology including thorough
analysis of 50 innovation cases in Europe was applied
and improved during the project. The Spiral of Inno-
vation was used to illustrate the cases and to commu-
nicate them to wider audience. In Final Symposiums
relevant stakeholders were informed about the find-
ings, and challenged for developing the local innova-
tion environment of agriculture.

The inclusion of end-users and multiple actors has
been used in Finnish R&D of agricultural machines.
As an example, the 7 m wide combi drill ‘Junkkari
W700° was designed by the Finnish manufacturer
Junkkari Oy in close cooperation with end-users and

Fig. 5. User-Centred testing of the 7 m wide Junkkari W700™
combine drill for seed and fertilizer

researchers. The prototypes were assessed by multi-
ple users with different drilling circumstances (Fig. 5).
In 2018 there were 5 machines tested in Finland and
one in Estonia [13]. An expert group was established
that assisted Junkkari along the design process.

ResuLts anD Discussion. Speeding up innovation
in agriculture” concluded that designers tend to have
inadequate understanding of the use-context of the
products [6, 8]. It was recommended e.g. that educa-
tion of engineers, designers, marketers and end-users
needs to include UCD methodologies. This is in line
with the findings of Knierim et al. and Nielsen who
see user-interaction as a basic tool for designing bet-
ter usable products [3, 11].

The "‘AgriSpin’ concluded that the social part of ag-
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ricultural innovations should be better understood to
be able to support them efficiently [3]. A recommen-
dation was made that MA A should be used during the
innovation process to tackle the challenges better. In
MAA partners with complementary types of knowl-
edge — scientific, practical and other — join forces in
project activities from beginning to end. The analysed
50 cases revealed that the use of MAA produced in-
novative results [14]. The theories of the importance
of the social process in innovations got confirmed [3].

The case-study, the design of ‘Junkkari W700’ com-
bidrill, revealed benefits of increased user-interaction.
The users tell that the drill is easy to operate and ser-
vice. The users appreciate the straight-forward con-
struction and moderate cost of the drill as compared
to competing pneumatic drills. This was realized
through the introduction of a novel type of mechani-
cal material transport. The need for hydraulics was
minimized and the row spacing and coulter design was
optimized so that economical tractors with moderate
drawpower can be used. The ISOBUS-based control
electronics was designed to be fitted either in the ex-
isting tractor or, if ISOBUS is missing, with an option-
al cable-set and terminal. That enables the users to
easily integrate the drill in existing machine chains,
having either modern or older tractors, without extra
tractor investments. Much attention was put on the
quality of the drilling work. Individual feeders were
installed for every coulter as to give accurate dosage
of seed and fertilizer. The prototyping together with
end-users and researchers gave Junkkari the possibil-
ity to speed up the innovation process. The results sup-
ported the theories of Nielsen on the importance of
usability design [11].

ConcLusions. As a conclusion, the UCD and MAA
methodologies have benefits both for the users and
manufacturers. The resulting swift innovation process
saves resources and minimizes the need for excess it-
erations in the innovation process.

Acknowledgements

The 'Speeding up innovation in agriculture” project
was funded by OECD Joint Research Programme, and
the AgriSpin” by EU Research and Innovation pro-
gramme Horizon 2020.

REFERENCES

1. McCraw T. 2010. Prophet of Innovation: Joseph Schumpeter
and Creative Destruction. Cambridge: Harvard University
Press. 719 (In English).

2. OECD. Oslo Manual. The measurement of scientific and
technological activities. Proposed guidelines for collecting

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOMMA - Tom 13 + N2+ 2019

and interpreting technological innovation data. European
Commission. 3rd ed. 2005. 163. 8 (In English).

3. Knierim A., Koutsouris A., Mathe S., Ndah HT,,
Temple L., Tromphe B., Wielinga E. Support to innovation
processes: a theoretical point of departure: WPI1 deliverable

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N2 + 2019




HOBbIE TEXHONOT 1 ObOPYAOBAHUE

1.1: report of the AgriSpin project. University of Hohenheim,
Germany. 2015. http:/fagrispin.eu/wp-content/uploads/2016/01/
Theoretical-Framework-of-AgriSpin.pdf. Last accessed
08.04.2019 (In English).

4. Wielinga E. AgriSpin cross visit manual: Space for
innovations in Agriculture. 10th ed. 2016. http://agrispin.
eu/wp-content/uploads/2016/11/Cross-Visits_Improved-
Methodology-1.pdf. Last accessed 08.04.2019 (In English).

5. Haapala H., Nurkka P. Usability as a Challenge in
Precision Agriculture — case study: an ISOBUS VRT. Agric.
Eng. International: the CIGR Ejournal. 2006. 9 (In English).

6. Haapala H. The potential of User-Centred Design (UCD)
to make radical agricultural innovations. In: Proc. International
Conference of Agricultural Engineering — CIGR-AgEng
2012: Agriculture and Engineering for a Healthier Life.
Valencia, Spain, 8-12 July 2012. C-0094 (In English).

7. Diekmann F., Batte M. Ohio Farming Practices Survey:
Adoption and Use of Precision Farming Technology in Ohio.
Experimentation report AEDE-RP-0129-10. 2010. 21 (In
English).

8. Haapala H. How to speed up innovation in agriculture?
Book of Abstracts. The 3rd Agromek-EurAgEng joint seminar.
Advances and Innovations in Agricultural Engineering. Nov.

KondmkT nntepecoB. ABTOp 3asBIseT 00 OTCYTCTBHU KOH-
(uKTa MHTEPECOB.

Craths noctynuia B peaaxkuuro 28.03.2019
The paper was submitted
to the Editorial Office on 28.03.2019

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONIOMM « Tom 13 +N2 + 2019

NEW TECHNICS AND TECHNOLOGIES

27-28 2018. Herning, Denmark. NJF sektion Technology.
2018. 31 (In English).

9. Haapala H. Speeding up innovation in agricultural IT.
Journal of Agricultural Engineering. 2013. Vol. XLIV. 137-139
(In English).

10. Winstead A., Norwood S., Griffin T., Runge M., Adrian
A., Fulton J., Kelton J. Adoption and Use of Precision
Agriculture Technologies by Practitioners. In: Proc. 10th
International Conference on Precision Agriculture, 18-21
July 2010. Denver, Colorado (In English).

11. Nielsen J. Usability Engineering. 1993. Academic Press
Inc. 362 (In English).

12. LiW., Hess T., Valacich J. Why do we trust new technology?
A study of initial trust formation with organizational
information systems. The Journal of Strategic Information
Systems. http://dx.doi.org/10.1016/.jsis.2008.01.001. 2008.
Elsevier. Vol. 17. N1. 39-71 (In English).

13. Anon. Junkkari W700. Genious Giant. ppt-presentation
by Junkkari Oy. 2019. 29 (In English).

14. Wielinga E., Robijn S. 2018. Stories from All Corners,
To Continue With. SEGES, Aarhus, Denmark. https:/
agrispin.eu/wp-content/uploads/2018/02/D3.2-End-user-
book-002.pdf. Last accessed 08.04.2019. 228 (In English).

Conflict of interest. The author declares no conflict of
nterest.

Crarps npunsaTa K nyoaukanun 12.04.2019
The paper was accepted
for publication on 12.04.2019

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 +N2 + 2019



