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Abstract: Since the emerging of its idea circa four decades ago, Appropriate Technology (AT)
had been proven as a comprehensive solution in a limited condition. However, practitioners
& academiahave different opinions with engineers on how an AT must be designed.
Researchers had noted the crucial factothemssueas suchandtheygave a notion fothe
urgency for a dedicated design methodology for Afiis study thereforeaims toprovide

it. Suchmethodology is developed by incorporating AT characteristics, fundamesiials

in community empowerment, and the principles of exgstdesign methodologies. The
methodology emphasizesombination betweenbottomup and top-down design
approacheslt means that an AT must be started purely from local conditions rather than
given technical specifications, and be given back to local petmplbe seamlessly
integrated ito their routines. It also underlinghe crucial importance focommunity
involvement throughout design stages. By looking at previous design methoddhadies
were developed based on pure Engineering Problem Solving (EiS$tudy delivera

fresh and comprehensivane that covers surrounding issues and concepts to produce a
AT based orthe real meaningfdechnological appropriateness.
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1. Introduction : ResearchGap and Objective

Development studiesniunderdeveloped regions remairterestingto be investigatediue tothe
tightly constrained circumstance that is unique in each area. Such candéobebliged anyone who
wankedto participde indevelopment effogtin an underdeveloped area to implement a comprehensive
solution rather than partiakorks. Thus, any development effoneed to be implemented aan
intelligent solutionwhich integrate the need for optimal developmiefrom tecmical and economic
sides and at the same time presarseciccultural and environmeat conditions[1]. In such kindg of
efforts, thereis a solution thatan be treated asconnectingnode of manydevelopment focuses
orderto produce arempoweed communiy: the AppropriateTechnology(AT). AT has been widely
known as a technological solution pooviding a technology that hasufficient performance at an
affordable price. Since its first appearan&€, has beernitiated as a comprehensive solatio a limited
circumstanceAt its initiation, E.F. Schumacher attempted to interfgastern wisdonby using his
Westerneconomic approach to understand the meaning of a technology to people ¥Wohidd
countries[2]. At the time,Ga nd hi 0 s the dutm@omy amc seléliance of a society were
expanded byE.F. Schumachef3] into a new mindsetto provide more feasible solutianfor
underdevelopedoeople. Schumacher thought thétesternb a s e d approaches COoL
applied to establishinghi a p p r otpchnolagt far thesekinds of people After such initiation, AT
has been increasingly applied to achieve a more visible development [fgsuMT had also become
interesting for researchers in both development and engineering studiies.dharacterized into two
big ideas: resources localization and soft approddme first characteristic means that the
appropriateness of an AT is interpreted as the extent to which AT designer(s) use as many as availabl
resources in a targeted af&a8]. Then, the soft approach requires any AT development to have more
sensitivity to local conditionf9i 12]. In short, both characteristissiggest an osite AT development
based on local conditioms unique mattesrather than crossountries problemsolving on given problems.

However, field cooperation was questionable when practitioners & academia of AT & community
development had to collaborate with engineers. While engimeaistained anEPS standpoint,
practitionersand academigpreservedheir approachin which engineering must be clearly opened to
local people[13]. It had forced engineers to be techniassistats rather tharpure industriabased
engineers. Because engineers had alreadiyntainedtheir own approach, thewere trapped into a
dilemma between technological appropriateness for community and their own knowledge on
engineering appropriateness. Because of that, itteyea compromise betwees pure engineering
approach and community empowerment. They brought technology from oatsidadapd it with
local technical and economaonditions. Thereforegherewasa big gap between engineers andA$
practitioners & academiaThe EPS appwach wasconsiderablycloistered enougho avoid the
incorporation of ATandcommunity empowermenrinciples into its workflow. Thughe research gap
is about a newengineering desigthat incorporaes AT and community development principles in
order toachievereal technological appropriateness for a designed AT (Figure 1).

As noted by Lucenat al. [11], the counterproductivefactor in Engineering andSustainable
Community Development (ESCDis on the EhgineeringProblemSolving (EPS) approach. Rilgy0]
had also noted that engineers always relied on pure EPS approaches which: (1) often ignomtdatal
and values; (2) exclusion of traditional ways of knowing; (3) denial or devaluing people relationships
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and enjoyment; and (4) too deagcommitment to militaristic or industrial worstyles. Therefore,
existing methodologies in technological desand developmemtid notprovide suitablenterpreation

of modern EPS approaches into ESCD efforts. Their tight foundation on pure EPS pradhetiedle
technological solutions for communities. A good technology was judiyeanly discoveringits
techncal and economiwalues but ignoring indigenous capabilities in solvang o mmuni t y 6 s
problems andin conserving surrounding environment. Velgrge numbers ofimplementation
problemshad beerdetailed by many researchers, and they prodtieeshme otion on the urgency of

a specificpurposed EPS approach for appropriate technology (AT) in E[SCI1,14 17]. Hence, a

new approach was required to include ESCD issues into EPS in order to produce real AT. It should
consolidate EPS and ESCDy integrating some modern techniques but in new ways of
implementation. AT required a holistic approdohits development process by including local issues
into account. Therefore, this study had only one single objed¢tvéevelopa new methodology for
designingappropriate technology by incorporating surrounding issues and concepts.

Figure 1. The Research Gap.
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2. Historical Positioning

Engineering design had become a subject of investigation of design research for more than
100 years. Sincé beganin the midlle of 18h century[18], it was explored by researchers across
disciplines whichrequired it as an important facet of their discussions. Still, indichave a single
agreed definition to precisely explain its concerns on guiding designers in theireuactivities.
Although there was no agreement among researchers, their opinionsoweltedednto a singlgoint
statemento explainthe terminology ofdesignmethodology from two distinguished perspectives: art
and science. Design, as its nature as a methodological process, was characterized as an art and at |
same time also science. Heymafi9] had compiled an example of research genealogy on the
Germanbased community of design methodologjstthichwasn ot ed as one of t h
active design communitie®esign as an art was constructed by pluralists. They took design as a
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practical process which consisted of methodological stages to producaia pestiuct iran uncertain
condition It incorporated arbased approaelsbecause they stated that creativity was the core of any
design practices. Creativity was interpreted as a natural gift of humans. It emerged as each designe
grew in a set of contlons whichwould constructhis/herown wayof-thinking. The pluralists were
dominated by practitioners, but also included some pragmatic and critical methodo]tgjsts
Some flexible onef20,21] also contributed to this point of view. On the otheesidesign scientists
were strongly contributing pure scientific approaches for design processes. They were ones whose
methodologies consisted of detailed scientific derivation for any design considef2g@s. They
tended to breakdown conceptual desigito snippets, decompose each snippet into detailed
taxonomies, and reconstruct them into an integral assembly of design concept. In short, design
scientists attempted to understand design methodology as a scientific guideline which incorporated
deep sa@ntific analysis throughout design stages to every snipedegignedechnology

In fact, there were some other classifications of design resgatiwhich provided categorized
spectruns of design research, or the earlier ¢28] thatattempted to classify design methodologies in
mechanical engineering research area. However, their classifications were constructed without clea
resolution and irmore narrowed disciplines, so it was difficult ttocatethe new methodology in their
clasgfication styles.Therefore Heymamd slassification[19] whichwasc onst ruct ed f r om
most active design research communityas preferableto become a foundation of the new
methodology Based on these historical exploratioasdby alsoconsicering unique characteristics of
this research among previous design research efforts, the new methodology was placed betweel
flexible and critical types. Between these types, these good opportunities to incorporate simple
scientific analysis that wer@mply understood by underdeveloped communities but at the same time
to providemoreflexible roles for designers to construct an AT based on their unique nature as artists.
By incorporating simple scientific analysis, involvement of community membersi@gign processes
was strongly expected to ensure their understanding on AT concept and Hes@rd be useful to
sustain the usage of an AT and empowi®users for their own futurBesides, artbased nature of
design artists waaccommodatedo give as wide as possible opportunities to construct an AT in a
balance with requirements provided by local people as theuockers. The position was not considered
as puréy ficriticalo becauseevery communityrelatedeffort was unique, sa more flexibleapproach
was required to provide easy adaptatiohthe new methodology intanyempowerment cases.

3. Basic Approach

Due to the close relationship between AT and community empowerment ideas, following
considerations were incorporated to constaugirorg basic approach of the new methodology. As the
basis of exploration, axioms of general design thg@6] were taken. Those axioms were the
proposition of previous design theories, so they could become thepgsition of new design
methodology. Besides dthough they were developed to connect design entities, thethatt
community members must be involved in design process together with AT designers meant that they
became another design entifyat must accourgd for.

The first axiom was recognitioithis axiom interpreted descriptive recognition of any design entities
by using their own attributes and/or probing their involvement thraumgibstract approac26,27].
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As an empowermetiiased technology, AT must be desidbased on as many as possiglguirements
revealed directly othe field and must provide seamless integration with local daily routih@sust

be conductedas bottomup-bottom approachto identify r e a | reqguirements baseé
experiences antb give AT as design resutiack to then{Figure 3. Due to some constraints like low
education and/or wealthvhich might increase difficulties irecognizingrequirementsa descriptive
approach was better than pure quantitative one. Abstraction was also pbssilsequalitatve
considerations mighd o mi nat e | o c-af-thinkme due tb theér slailywaugnes. In shaite
bottomup-bottom approaclin a descriptive way was a must to ensure incorporatioanyfunique
requirements in a targeted empowermemaa into an A design bydiscoveing local problems to be

solved through the new methodology, and to ensure sustainable AT usage in supporting survivable
community empowerment.

Figure 2. The basic approaches
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The second axiom was correspondence. This axiom defined that every concept entity mast have
oneon-one corresponding pair with a design enf#tg,28] In this axiom, concept entitiegere those
that had ever existed ipastcommunity daily routines, dtiexisted at present, andight exist in the
future. Besides, deg entities were ones in whiatilose contributions led to complatesestigation
of local problem solving. By applying of@tone correspondence, each conceptual input and/or
informationdiscoveed from descriptive recognition could be addressed to another design erttity suc
asacooperate NGO orone thainvolvedindependent experts well On the other hand, or@tone
correspondence was also important to assess the result of desigsspto local requirement. An
indicator among AT specificationsrformances must be assesseddyparingit to its root among
field requirements. In short, correspondenorust beome an integral part to keep validation and
reliability of any flowing inbrmation during design procesgésgure 2.
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The last axiom was operation. It was interpreted as an understanding on how a set of abstrac
concepts couldreatea real ong26,29] (Figure 3. The wor d fwasgpmmose@§] yoshow
that the construction of concepts could beilt by using abstracbnes. It provided opportunities to
solvea condition while scientific analysis could not be applied to abstract conispts’eredhrough
a bottomup-bottom descriptivaualitative approachThen abstrat concepts must be derived to
becomedesign constraint®r designers. The usage ofnsraints meant thatesigner8creativity was
not strictly banned but could still be framed to ensure technological appropriateness of a designed AT.
Abstract coceptsthatwere converted ta set of constraints gaasoverview on the basic topology of
design process and designed AT itself. Constraints became a standardized frame of design operatior
and it guided designers to produce craatlesign without igrming requirements revealed on field.

4. Design Methodology for Appropriate Technology
4.1. Design FrameworkBasic Workflonand Worksheet
4.1.1.Basic Design Workflow

In order to provide a bridge between existing methodologies and AT appadzche frameworks
constructed based on common understanding in engineering design. This study eesjtoreg basis
of reference for the new methodologgome of the newest design methodologisf30,31] had
provided several perspectives in engineering desighin general, their design approaches existed
mostly inthe industrial design area. Furthermoesother modern methodologi®?] also described
another perspective in a design stggée process anseveral examples on fields, but, again, it was
focusedon marketbasedcompetition and nadtn communitybased cases. Thus, methodology that stood
on the flexible standpoiriietween arbased and sciendmmsed perspectives preferred A simple and
nonfocusedarea methodologig easier to be adaptend order to develop another one.

One of the most notable research results on design methodologies was developed by VDI.
VDI 2222 consisted of product development process while 2221 provided guidelines eptaahc
design[33]. Theyarechosen as the bas$thenew methodology based on several considerations:

(1) It accommodated many previously developed methodologies into a compé88pne
(2) It became one of important foundations for later methodolqgigs
(3) It was widely implemented in design process for many products in different 4@8&ors

In order to develop an engineering design which casltbmmodatas many as possibéxisting
engineering designshe existing ones wereompiled[20] into a compact engineering design which
was then utilized and adapted by the VDI standard with the number VDI 2221 and3322Zhe
met hodol ogy consisted of four stages namely e
andalsoseveral s#psin each stage. Here, four stagee proposedas the basic workflowfFigure 2).
Similar with VDI standard, itconsists f A conceptingd and fAdesigning
design process. However, tile community development approach thexao dedicated analysis stage
because gy activities always include analysis to ensure proper developihéntThus, the first stage
isipl anningo to accommodate required planning a
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ot her einzdi,srgfldcédbghéi assessi ngodo stage to en¢gl8re t
as well ago reduceadministrative activities introduced in industrgtyle design methodologi¢21].
Between two sequential stages, thare two kinds of outcomes result and error. Resui$ the
output of previous stage and input for next stage, and HEsrtine misplaced output caused by
misinterpretation of some considerations in previous stage(s). Some corredaiq@iesced between
stages in order to ensurecantinuous design process between stages (FR)ufehe first two stages
arecorrelated ashe optimization phasef the working mechanism. lis done in two stages to buill
strong concept based on indigenous knowledge of local pebipéescond stages also correlated
with the third one athe construction optimization phase. These stageshe phasewhere designers
use their creativity based oaquirements discoveramh previous phase, ameheretheinvolvement of
local people in early AT trialss started Then, the third and last staga® correlated ashe diffusion
optimization phase. Some further consideratiansincluded in AT development based on local
circumstances. These consideratiansrequired to ensure technological diffusionngwly designed
appropriate technologies. In ish phase thereare crucial elements to decide technological
appropriateness of each AT design as the basis of selection between AT designs.

Figure 3. The BasicWorkflow.
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On the other hand, the urgency lofo ¢ a | peopl eds i nvolivsanshert i n
possibleworkflow for the new design methodology (Figutein terms of the proportion of involved
parties In the first stage (Planning, FiguB® local peopleareinvolved as the main informaticsource
due to their position as the subject of empowerment. In this stage, engineen(sg thexfacilitators
to help local people reveal their own requirements and to do required crosscheck and/or triangulation
of discoveredconceptual inputs/informan. After that, local peoplareinvolved as the main party
whose experiencesaveguided process ithe Concepting stage. Thegre very experienced in their
own area, so engineer(s) assist thenmyestigatingpossible concepts that should be locallyilade.

Next, designer(s) join thevhole process by taking constraints providedthe second stage intthe
Design stageEngineers would be better to be the designers themselves, yet some considerations may
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result in the involvement of dedicated designinr specific reasons such as specialized construction
types or strong experiences in similar caseshe Designstage, designer(s) collaborate with local
people to find local principlethat arefeasible to béreatedas inspiratiosfor AT designs. Egineer(s)
assist designer(s) through controlled design constraints and alsnéoéechnical assistefor local
people to construct AT designs into real technologies. Finallhe Assessing stagangineer(s) help
local people to assess constructed AT designscdayparing each of the specifications and
performancsto corresponding requiremenevealed inthefirst and second stages. The resultshef
comparisos will indicate the level of technabgical appropriateness of each AT design. Also, the
resultswill reveal the most appropriate technology whicandoe further replicated ira targeted
community empowerment area.

Figure 4. Proportion of Involvement

Planning Concepting Designing Assessing

engineers

designers

involvement

community

Design flow direction

4.1.2. Worksheet of Design Activities

This methodology attempts to designengineering approach as if people matteradaningthat
local people are involved througlbbmeways into design process of AT. Gupsd] has stated that:

AUnl ess we build on t he rriehstbeudevelepmeni processtwillc h p
not be dignified and a mutually respectful al

Therefore, all ®psare supposed to be founded on local problems and opportunities related to AT
and targeted processn khort,the basic understanding emphasized in all steps is about any local
manners and matters. By incorporating as many as possible locally available resources, it means that
technological design is built on local attributes, so it pressamy foreigninterventions and/or
technological shocks. While technological adaptation psillocal people to understand foreign
technology through knowledge and technology trari8&}; this methodology aims to produaa AT
which is designed based on local resouroesaningthat there is no urgently required knowledge
and/or technology transfer from engindetssidergo local people.
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From the basic workflow (Figure 3), there are several steps that must be taken in order to pursue the
basic purpose of each desigiage and to ensure a smooth flow of activities throughout the design
stages All steps are proposed as having close correlations among each other to naturally provide a
clear understanding of everything and to construct a strong foundation of compasakkaresnt for
all designed ATs. Four stages previously proposed are further detailed into 10 flowing steps. They
form the worksheet of activities (Table 1) that consists of list of activities and required figures, charts,
and tables. The worksheet acts d® tguideline for engineers in doing AT design and
development process.

The first stage, APl anningo, consists of thr
conducted to find reliable local people who have the capacity as informatiaes@nd can become
influences in supporting AT design and application. After that, engineers must investigate field inputs.
As previously explained, field inputs become the requirements which must be fulfilled by AT. In this
step, engineeraeed togatheras much as possibiaformation about field requirements from local
people through informal Question & Answer techngbased orsometheoretical and operational
variables.If needed, information fromr8@8 parties can be very useful to do simple triangoitabn the
reliability and validity of emerging inputs. Then, such requirements are compiedsupposed
group/aspecandare formattedo standardize understandingstoem.

After field requirements are compiled, design process flow is continued tfouhi step, the
ifscaling degree of Cr e a tedgroup ¢ompiled rehuirements ibased on e p
constraint(s)of specificationand range of freedom for each requirement to distinginisllegree of
creativity. The degree of creativity is efsll to provide as wide as possible chances for AT designers to
use their creativity without altering emerged field requiremeNext, physiological concepts are
established in the fifth step by deriving targeted prazsisdo several physiological prosses (PP)
and eventsand by further deriving them into a complete package of physiological functions (PF).
Then, througlthe exploration & some alternatives for each PF, proposed concepts are composed by
combining some ofhe alternatived one per PB to buld each physiological concept.

After physiological concepts are composed, designers start their work by joining into the process
through the sixth and seventh steps. In the sixth step, desigmstsuct each PF into a real AT based
on compilation of regirements Embodiment of each PF is designed and construmtectbnsidering
thedegree of creativitips constraints for designersodéd creat.
are testedlirectly in thefield by involving local people into testing press. To do s@ set of testing
proceduress developedbased on standardized rules and constrained output quality of targeted system.

Finally, all designed and constructed ATs are assessed to judge their level of appropriateness and t
decide which AT Wil be applied ina designated area. In the kily step, valuation standards are
establishd based onpreviously compiled requirements and degree of creativififter that,
performances of each tested desigre ratedbased on quantitative calculations agdalitative
predicioddependent on the characteristics of .each
Next, the importancef eachoperational variablés weightedoby coupling and comparing each other.
Afterwards, performances of each tested desare evaluatedased on valuation standards aiso
valuationon performance indicatar$hen,technological appropriatenestall AT designs is judged
by using two different techniques. Such techniques depend on the specific needs in each AT case
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Table 1.Worksheet of activities
Name of Step ‘ Check ‘ Activities Figures & Tables
Planning Stage
Testing reliability _
. - Figure5
Choosing Gatekeepers Categorizing gatekeepers Table 2
Selecting gatekeepers
Making a mastequestion
Revealing Field Inputs Irr:‘ormal 'Questioh & Answer Figures6i 8
3" party information Table 3
Triangulation
Naming requirements
Compiling Requirements Grouping requirements Table4
Formatting quantitative/qualitative specification
Concepting Stage
_ Distinguishing freedom(s) and constraint(s)
Scaling Degree of X
Creativity G.r.ouplng same“freedomTabIeS
Filling out standards and additional notes
Deriving physiological functions (PF)
Establishing Exploring alternatives for each BFs Figure9
Physiological Concepts Composing Physiological Concepts Tables6i 8
Detailing physiological concepts
Designing Stage
. . Drafting design _
Constructing Designs Constructing AT designs Figurel0
PlacingATs on future usage field
Developing testing procedures
Field Testing Preparing required forms and training fieddters | Tables9i 11
Doing field testing in some repetitions
Compiling testing results
Assessing Stage
Establishingvaluationstandards
Valuating Performances Gathering required calculation standards Tables 12 and13
Valuing performances ofachtesteddesign
Evaluatl'ng Level of Weighting operatlor.lal variables Tables 14 and15
Appropriateness Performancevaluation
Assessing Stage
Compiling evaluation of all designs in all aspec
Mapping simple technological appropriateness
Judging Appropriate ‘Ig/lu:srl)?r\gg(:ztelggc};)appropriateness Figuresll and12
Technology : N . Tablesl6 and17
Judging (fist level, alternative judgment)
Recalculating by incorporating IA multiplier
Judging (second level)
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4.2. ThePlanning Stage: Revealing Requirements
4.2.1. First Step ChoosingGatekeepers

As previously explained, field requirements become the most important inptiie AT design
process. They arhe existing problems and opportunities which must be fulfilled by AT as a medium
to provideatechnological solution for local people in a Sfiegrocess or a set of processksorder
to investigatereliable requirements, reliability of information sources is \esgential Local people
certainlyunderstand their own problemget not all people understand specific problems that require
tecmological solutios and/or surrounding issudhat provide barriers and/or opportunities for AT
application.Some people may understand about some matters and manners while the atBersaot
people even understand their problems but theypatovant to solvethem due to some conflict of
interests.In short, there are some people who have deep understaridimgabconditionsand also
havethe motivationand dedication to further increase local prosperity by carefully developing local
prospectsThey are s&¢c al | ed 0 g[a7nt3&.kDeueep etros 0t he i ntention o
conditionso refers swthsmeissues sureotindirgdecheologiallsa@dtian o n s
Because of that, gatekeepers become the most useful informatioressn AT developmentthey
must be identifiedhroughtesting their relationshgwith existing local conditiomand possible future
ones In order to identify gatekeepers, there are thusefulindicators tofigure out the personal bond
of a persond local conditions. These indicators are Place, People, and Prospect 8rigure

Figure 5. Indicatorso f Gat ekeepersd Types

Place
People
Prospect

Place is defined as the bond a person has in him/herself to thevblaiehe/shdives. As a local, a
personb6s bond to the pl ace c agoodbtpmiontoelscelarddfdy a ¢
person reply with an answer in which local area is a good place to live because it has near distance
with neighbors places (easy to asgeattractions in neighbors aretg), it means that the person has
low bond with local place. A person with strong bond to local plaaméwho tend to provide as
many as information on local manners/matters (local attractions, good liveliatmjdrather than
relying on n e iinglownygosdlocal amddidnd. i o n s

Furthermore, People means that a persomalgasd opinion on what people do localgnd hasa
clearunderstandingfo o c a | peopl ebs capabil it iSasladyowihtma n a g
first indicator, a simple and informal question about their good opinion on local people is addressed to




Sustainability2013 5 3393

a person. If a person régd with an answer in which local people ageod community members
because there are some people who work i1 n nei
aresome foreign people who come to do something
have a strong bond with local gople. Inverselya person with strong People bond will reply by
providing informationon how local people develop their livelihood by working on something in their
own place. The person will provide capabilitieslocal autonomy on managing resourceshouiit
ignoring local valueshathave been existed for long time in their survival efforts.

The | ast indicator, Prospect, shows a person
guestion is about what a person will datie fairly far future elated to local development. If a person
states that he/she will find some job prospaanother area, or he/she will move doother area but
cannot ensure whether he/she will come badkep r e sent ar ea, it means tt
a strongbond for the future ofhe present areaPeoplewith strong bond will give their hope to
participate in local development rather than relyangheir future outsidéhe present area.

When an engineer attempts to ask those questions, there sa@/bral setof answers replied to all
guestions. Due to its informal process, simple codification is required to tag eaoh\pigh his/her
answer. From tagging technigiengineers can judge the type of recommendation for each person as
a potential iformation source (Table 2). GK is the acronym of gatekeeper, while binary numbers 1
and O are used to identify a per sagoddshonbmmad o
guestion, he/she will get 1 in the questiamd vice versa The most recomanded person to be
involved as a gatekeeper is one whms strong bonds in all indicators (GK111). The person will
become a reliable information source becaafskis/her understanding in local conditions. He/she is
also noted as having setfotivationin joining any efforts for further development thie local area.

One level under thenost recommended one is gmgople who have strong bonds in Place and People
indicators (GK110).Evenift hey dondt have strong bondlsbhe for
reliable information sources due to their good understanding about local matters/manners. If a persor
has a strong bond in one indicator between Place and People, and the pemsirdras bond in
Prospect indicator (GK101 or GKO11), it means thHs person is less recommended to doe
information source, but maybe useful to be involved in some activitidseinear future. Then, the

most not recommended persons tre ones who have only one strong bond (GK100, GK010, or
GKO001) or no bond (GKOQQOat all. They must not be information sources and are not good to be
manpower at any time due to their weak bonds in two or more indicators.

Table 2.Basic categories of gatekeepers

Type Occupation Place People Prospect Recommendation
GKO000 {occupation} 0 0 0 Not recommended
GK100 {occupation} Not recommended
GKO010 {occupation} Not recommended
GKO001 {occupation} Not recommended
GKO011 {occupation} Less recommended
GK101 {occupation} Less recommended
GK110 {occupation} Recommended
GK111 {occupation} Very recommended

P PP OOOoOR
PP, ORFR ORO
P ORRPRRELR OO
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4.2.2. Second Step: Revealing Field Inputs

After gatekeepers are chosen, engineers can start to discover field inputs. Field inputs are any
opinions/questions/statements which reflect |qualblems that should be solved by AT and at the
same time provide opportunities for AT to do problem solving through technological solutions.
Because engineers have already chosen gatekeepers whose information reliability was considerec
inputs are suppodeto have a precise reflection of local conditions. By involving good gatekeepers
who have good information reliability, engineers can get clear and precise targets to be fulfilled by AT.
The targets are supposed to be the correct conditions in whiclplotééms are solved through AT
application in a seamless integration with existing local conditions.

Inputs should be able to explain local conditions in their natural understg@8ihgome inputs
can be quantitative if people usually understand timeguantitative way, and other ones can be qualitative
if they are qualitatively understood by local people in their dailyltifehis methodologythe fundamental
aspects of community problem solvir{@echnical, Economi¢ Environmental,and Social) [13]
becomethe basic understandiisgon any issuesThey are supposed to bee perspectives from which
any inputs are categorized and solvEidese aspects are then derived to provide detailed guidelines on
how to understand each input by usiagight perspetive. It is critical because an input may be
consideredrom two or more different perspectives®t eachperspectivewill producea uniqueresult
andacross consideratioinom different perspectives will even prodwmainteproductive results.

Eachaspet is derived intahe same numbers dheoretical variablegTable 3) Equalnumbers are
proposed toallow a balance exploration betweenthose aspects iexploing field requirements.
Theoretical variables arthose thatreflect more specific approaed in interpreting fundamental
aspects into characteristics of AT design process as technological developaemntheoretical
variable isproposedto havea general overview on related issues idlistinct perspective Each of
them is not a given requiremie yetall of thembecome sets of guidelines to map eactheemerged
requirementsn a singledesign aspegtérspective.

Technical aspestaredivided into three theoretical variables, namely Functions, T8nigifficulties,
and Features. The Functiownariable is defined as any working function that must be integrated into
AT design. Any function is mainly sourced from targeted processes that will be improved by applying AT.
Due totheintentions of community empowerment approach that azsttbckng intervention as well
as significant changeon local routines [40], AT functions must also be connected with some
processes related to the original one. To do so, the Functions variable must also discover potentia
integration with extended processes. f\@me & Difficulties is interpreted as timely limitations and
difficulties that occur as negative forces to existing processeslanal area [41]. Some potential
limitations and difficulties that may emerge during AT design and/or application areecktpiavoid
any conditions in which they could actually occur. Therefore, this theoretical variable is treated as a
forecastinglike [42] as well as backcastifliike [43] approach to understand the present and potential
future. The last theoretical varigbin Technical aspects is Features. This variable becomes a way to
understand required features which should be integrated into AT, and some additional features to
supportfuture development of an AT. Thiariableis tightly related with existing proce=s in which
AT must removainnecessary activities in previous processes and at the same time multiply the effect
of important ones.
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Table 3. Theoreticaland operational variables

Aspects Theoretical Variables Operational Variables
Technical [T] Functiors [Ta] [ Taa é Ta
Time & Difficulties [Tb] [ Tba ¢é Thbi
Features [Tc] [ Tca é Tc
Economic [E] Investment [Ea] [ Eaa é Ea
Operations [Eb] [ Eba é Ebi
Income [Ec] [ Eca é Ec.
Environmental [V] Emission [Va] [ Vaa é Val
Reusability[Vb] [ Vba é Vb(
Degradability [Vc] [ Vca é Vc |
Social [S] Knowledge [Sa] [ Saa é Sa
Perception [Sb] [ Sba é Sb
Fear [Sc] [ Sca é Sc

In the Economic aspect, three theoretical variables &ngestment Operatios, and Income
Economicmatters are defined theseunderstandingto deliver easy interpretatieffor local people in
expresmg their present as well as expected conditidie first theoretical variabldnvestment is
defined as any investmetiatshould and should not lmeade during AT desigand constructiofB,44].

It brings an understanding fohow much financial investment people want to devote in designing AT
and also in constructing A@t the present as well auture time. Investment variablalso includes
additiond investments from surroundinnvestorghatexist locally such as local banks and/or NS5O
The laterkind of investos can be categorized as a kindaftsider, yet athe present timeheymay be
considered local one untitheyleavethelocal aredn thefuture. Thus, NG®should only treated as a
local entityin present timgmeaningthat future construction cost must be preserved by ensuring
cyclical return on investmerior local people as subject of development that always exist in local
area.Next, Operations is a variableatfocuseson any cost people must devote during AT application.
The emphasi of this theoretical variable is on controlléevels of financial burdes potentially
produced by AT applicatiordbue to process improvemeiiy increase on operations cost will likely
happen, so field requirement$ its reasonable increasdevel must be gathergd5]. On the other
hand, process improvement alsas thepotential to produce lower operation cost per unit of processed
object. Thus, this variable delivers useful wayo understand constrained negasivand positive
impacts during AToperationsBesidesthe Operations variable also includegintenanceost which

is definedas any potential spending afteome periods of AT usage[ll]. Due to its basic
characteristics aatechnological solution, AT must be maintained to keep its performance as high as
its peak After the AT life-cycle, AT must also be overhauled to replace some pafts @placel with
anentire new oneTherefae, limitations on potential financial burdens must ineestigaed fromthe

field to ensure future development of an A'hen, the last theoretical variable in Economic agdsct
Income.lt is intended to investigate potential ways to eagbe sustainale income generation for
local people due to the application of an J#]. By discovering some potential income generations
based on local understanding, sustaimabcomescan be established through process tweaking that
will be easily adapted by locpkople to their daily routines. This variable also includes trajectories on
the wealth improvement of targeted people due to possible technological £hatiggr future. The
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trajectories are founded on the bdtie sustainability in smooth developmef#6] as well as
survivability in unstable conditiof43].

Next, the Environmental aspegtre dividedinto three theoretical variables: Emission, Reusability,
and DegradabilityAlthough the intention of AT was alwaymsedon a cleaner application approach,
the balanceamongenvironmental considerations must be established between such appraath
cleaner productiofd7]. The impacts are also understood as the effects of technological change due to
AT application[48]. The first theoretical variableEmission, isdefined asany emissions produced
throughout AT design process and potential emissions durings&fie Emissions can be produced
directly or indirectly. Almost all emissions in AT design process are resulted frosptrdation, so
they should be understood fromme Tankto-Wheel approach[49]. However, some chemical
substances required in agricultural and/or aquacultural processing flow also produce enissmres.
whole understanding is better, yet field requirateemust be considered #se ultimate guide to
appropriately limit emission analysiBurthermore, due to lack of emission analysis in AT cis@s
any judgments on sufficient emission level cannot be standardizedeshdays uniquen acaseby-case
basis The second theoretical variable, Reusability, is defingtieggotential reusability on some parts
or the entire AT construction after a certain usage perioelisability is very useful to reduce many
things such as technical requirements and@ntanance costyet it is included irthe Environmental
aspect due to itsgoal of preserving nature through AT applicatiddecause AT is constructed by
using as many as possible matertakst areavailable locally, reusability means that higher reiigab
will result in less local resource exploitatiofthen some parts must be taken from other area such as
metatbased parts, reusability also affects the autonomy of loca$ tveather onesThen, the last
variable is Degradabilitywhich means that A must use as many as possible degradable matterial
avoid any environment al p ol | Degiadalility alboa tusefunmy a f
preserve cyclical decomposing, so AT degradability also affects continuity of natural phenomenon in
local area. In short, the boundaries of environmental aspsicould cover all possible environmental
impacts imposed since AT design until materials degradfgign

The last aspect, Social, is the ultimate level of technological appropriaféBgds is derived into
Knowledge, Perception, and Fear as its theoretical varialiese variables can be defined by using
the following questionsrespectivelyi Wh a ésthelcommunity already understand?wWh at do t
want to under st anndtWanand o Whhd fest guiestion il @lgited to local
existing knowledge of community membefsis variable mustliscoverthe correcpositioning of AT
in which the community shall be allowed to develop themselves based on their social Soaks.
knowledge on local techniques, daily activities, and relatiosdiepveen local people must be taken
into account.The second questionorrespond to the second variable: Perception. It focusas
community conceptioron any technological approachegluding their expectationd his variable
must reveal what people expect fram AT and local understandingf which potentiad shouldbe
adapted into AT desigrit is useful to ensure seamless integration of AT into local daily routines due
to the correponding connecticg between community perception and AT performance. The last
theoretical variable is Fear, which is coupled with the third question. This variable e&eplashthe
subjective and objective fear of local peogiel their hesitancy in agpting offered technologysome
existing routines that have made people comfortable in their daily life may become barriers to improve
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a targeted process. Thereforie]d requirements in this theoretical variable mustdikeninto account
to avoid sociatesistaceto technological solutiomand improved process[44,52,53].

Furthermore, operational variables are ones that further detail each theoretical variable into
understandable variables as requiremem®rgeffomadesi gnat ed c oDoetathé t y 0 ¢
unique conditions of each AT case, operational variables may need to be intedifetedtly by
engineers. It usually happens when peajeusssomethingthat hasa different perspectiveamong
engineers [13]. For example, sometimes a probfemdome distribution will result in the regrouping
of some operational variables in Income group to another theoretical variable in Social aspect. Thus,
operational variablesonstructthe basc foundation ofthe AT design process due to their topological
characteristicen shaping the future overview of targeted proessisatwill be improved through AT
application.In order todiscoveroperational variables, field requirements musinvestigatedhrough
an effective communicatiormethod that allowgpeople to be comfortable to share any opinions,
suggestions, or even rejectio@mfortable conditiomareurged to preserve natural situagpaothat
people will alsaactlike thisin their daily routines and manifest pure expressjbas

Here,aninformal Q&A technique is proposed (Figure Bhis sepbegins with a master question to
encouragéehe active participation of local people.deginsby using asimplestatement about a plan to
developan equipment as a technological solutfon some |@al purposes, or maybe withfirendly
guestion aboutocal current conditios. The question is addressed through informal meetings in
several places such as traditional coffee shops, local houses, or everAfarniermal atmosphere is
required tohavefriendly discussios between engineers and peoplée meetingdbecome a series of
informal brainstormingessiondetween them [55].

Figure 6. Q&A process
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By using their indigenous logical capabilities, local peopik alwaysreply the master question
based on their own understanding. ifheply will trigger further discussions on some interesting
issues for themselve3hey will ask anything abouhe plannedtechhology. They will also express
their economicconstraints andimitations Even, it is possible for engineets receive resisting
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Every time peopleffer a question, engineerseeed towelcome it byreplying with anotherfloating
answer totrigger a deeper disussion However, engineerbBave to showcalm attitudesto avoid
peopl eds ini any oconvarsatoa.People need to beencouraged toprovide detailed
considerations for each answer by using their ewplanationsThe bestanswerdhave to be gathered
through logicakonsiderations but based on simple explanaiimaflowing investigation11,57].

In each meeting, the master questioh be replied by people in many different ways. Any answers
have to beacceptedFor every answer, it shall be writtento aQ&A map (Figure 7)based orits
proper theoretical vari abl e. It I sabobt eéhéirpoiviu | t
problems. Each conversation is placed into a proper variable basadddans cussi onds t
example: engineeswera materialgelated question with another question to gather information on
what kind of materialeare commonly used for similar purposgs/]. Due to their routines in doing
local activities, local gople will provide a clear answdrecause thepave exactlyknown anything
about any possible optiorteey have used ifocal routines. Then, peopleave to beguidedto put
properpriority for eachoption includingtheir regon for any given priority.

Figure 7. Q&A map.
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If the design team cannot saver some questions, these questions are noted as unanswered ones.
Answered questions are eliminated e engineeringteam lists their answers. While unanswered
guestions reach a certain number witie same quantities for all aspects (different nurebar
guestions between t heor &Q8&A branstorming ractiatibsl aeesstoppeari.e s n
Then, unanswered questions are addressed to p#mées Figure § which havethe proper
capabilitiesfor answering those questiorls. any community empowerment projects, there are three
partiesthat can be supposed as information sosirdecal people, NG§ and expert§46]. Local
people are the subject of development, so any considerations should be made tresedarditions.

NGOs are empowerment entés that act as bridge of developmental efforts, so the information
gatheringand triangulatiorcan be addressed due to their capabilities in understanding extended local
conditions. On the other hand, expertsthsones who gie advice or become consultait an entire

effort. Therefore, their inputs and triangulation capabilities are useful to strengthen reliability and
validity of emerged requirementSome questions may require more than one party to answer in order
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to getpropertriangulation of each answerhe coloring technique(Figure 8)is used @ distinguish
different party$) involved to answer each question.

Figure 8. Map of information sources

Local people and NGO Local people Local people and Experts
NGO NGO and Experts Experts

Local people, NGOs, and Experts

4.2.3. ThirdStep Compiling EmergedRequirements

After all requirements are gathered, which means that #reralmost no unanswered questions,
emergedequirements must be grouped to each respective perspective to maintain basic understanding
on each requirement. Then, each one is compitedrding taa set of standards in orderdtandardize
their meaningslt is useful to deliver cleadenotatios of all of the emerged requirements aatsoto
provide uniform understanding on each listed @tandardized meaning is critical in commuséjated
projects due to unique conditions in each case. It brthgssame technigueto understand #
uniquenesgrom one case to other ondsalso minimizesatoo broad understanding due to different
ways by which local people express their problems and ofyuaties. In short, it makes all things
settle onthe sameframeworkof thought regardless fodifferent theoretical frameworks and design
perspectivesQualitative and quantitative requirements are also standardizesinmlar way, yet the
result of sandardizatiod compiled requiremesd may be differenbetween these kind¥ needs

Proposed formats of this methodology are divided into 3 types (Table®mg. format is
distinguished from the other two based on the different characteristics of itstconterT he A { } 0
indicates an input expression. | f more than ¢
expressions. The symbol A/ 6 indicates option
expressions with the next one(s). In @uieement, some sets of expressions may be required to
express the entire meaning. To do so, the f; o0
a requirement.

Table 4. Standardization format of emerged requirements

General requirements[G]

{name} {number} {unit}/{condition}

{position}; {if ¢é&}

Technical [T]/Economic[E]/Environmental [V]/Socid [S]

{name} {{max/min}/{average}} {number} {unit} /{average} {max number{min number} {unit} /
> {{lower} {unit}, < {upper} {unit}} /{condition}

{position}; {for é}/{if ¢é}; {Max/ Min}
{{lessi/more}Jd oesndét really matter}

{name}

1st priority [{ name of o ptnotecolnmended f ¢é1} ; {

{{x} priority} |[{ name of o ptnoteecolnmended f é1} ; {
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The first format igproposedo standardize requirements characterizgtheir fixed specificatios.
This format can be usefdr both qualitative and quantitativequirementsThree attributes in this
format arethe name ofthe requirementwhich is expressed asngme}, a set of content expressions,
and a set ofonditional expressiongname} exhibits the name of a requirement, and it is expressed as
a concise phrase which can indicatgrounded meaning of its contefihe rame of a requeament is
best written in boldin orderto allow aneasier focus for readershe latter two attributes are the
contentand conditional expressioms a respective requirementhe first attribute in the content &
set of expressianwhich is expressedsa

{number} {unit}/{condition} (1)

The first optional set iaddressefbr quantitative requirements, the other one is for qualitatnes
In a quantitative set{number} input indicates the numerical content of respective requiremavijle
{unit} exhibits its measurement uniOn the other side, a fixed qualitatieee is expressed as only
{condition}. It indicates a condition in whichrespective requirement is fulfilled.

The third attribute in the first formaand also the secondtm@bute in its contents a set of
conditional expressiondt is required to extend understanding without hampethiegnain content of
arespective requiremeas the focus ahedesign processt also delivers special conditisim which
a requiremenmust be taken into account or may be ignored due to some circumstBmseset of
expressions are

{position}; {if ¢é} (2

Each of thesawo conditionalstatementgs written independently Engineers may write only a
conditional one or no conditional e Xrequire SuEh 0 n
conditional statement3he first conditionaktatement is {position}, where a requirement is taken into
AT design.It can be aphysical position oran artificial position. Physical position means that a
requirement must be physically assembled am@T or integrated ito a targeted procesgirtificial
means ltat a requirement is taken into AT design by integrating its chaistimgrand not in airect
physical form.The second conditional stateméf i f € } displdyswbem a requirement must be
incorporated into AT design or may be ignored if a condition is not fulfilled.

The second format iproposedto allow standardizaon for rangebased requirements, both
gualtative and quantitative. This format the same for anyrangebasedvariables inthe four
perspectivesThe first attribute ighe same with first format, which isname}, yet the cotents are
expressed as

{max/mir} {number} {unit}/{ average} {maxnumbe}-{min numbek {unit}/

> {{lower} {unit}, < {upper} {unit}}/{condition } @

There aresomedifferentquantitative expressions in this formfghax/min} expression means that
therespective requirementiigstricted to a certain numerical maximum or minimum limitgtgmit is
coupled with {number} and {unit} expressions as the limitati¢average} expressiomrovides a
numerical average in whickhe respective requiremernis fulfilled. It is followed by the {max
number}, {min number}, and {unit} expressions éxplain range limitation while AT cannot precisely
perform in the required average levBlesides, some gquantitative requirements may restrictoAT
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perform ina certain range level. Thus, the cdmfis expressed by {lower} and {uppe®@xpressions
indicate restricd performance rangef-or qualitative requiremest the {condition} expression is
similar to the same formattingstandardin the first format yet in the second format it exhibits
gualitative rangahatcannot be explained in numerical form.

{positioWN}i;f {effar {é&wa xt}y; Mhighgr/lower} is betep; o
{{lessi/mordoesndt really matter}

(4)

The conditional statements for the second format can be seen in f¢dngpositonfand {i f &
statemerg areexpressdin the same way abey areexpressed in the first formdt.f o r expgreses
similar conditioswi t h { i f exHbjtsa tanget situation in which respective requireraeeed
to consider when it is fulfed. {Max/Min} {is about} indicates a conditional statementwhen
respectivequantitativerequiremerdg cannot be explained clearly in numerical foon there is no
information which can validate its numericabntent {{higher/lower} is better} gives more
informationabout a betteconditionthat shall be reached by AT rather than only foayen a certain
numerical averagerdmit.{ { | es s/ mor e} d opeosidesatonditienal btdteyne whach t e r }
indicatesflexibility of a numerical performancdt also extendg{higher/lower} is better} when a
conditionhas a potentiathange outsida desiredfibetten condition.

The third format standardizes requirements which cannot be written in the first two fortmats. T
format is very useful to make a scaling between some optional contents in a requifraéng
technique isproposedto provide an easier guideline for any engineers/designers considermg
options for an emerged requiremehihe name of a requin@ent categorized in this format{isame},
the same with other formats, whilgption scalings indicated with{{x} priority } that expresses the
order priority{ x} for each optional contenthe content in thiformat is expresseas

{name of option}; {ifé } ; {not/ recommended} (5

The {name of option} exhibitshe name of respectiveptiors that arepositioned in a order of
priority. It is not written in bold talistinguishthe name of respective requireneiit must reflectthe
whole meaningandindicate specific characteristics mfspectiveoptiors. { i f isé@x3pressed in the
sameway with its supposed purpose tine other two formats{not/recommendedprovides extended
explanatios to understanth whichway an option is recommended, for exdengdue to its importance
in a local situation, or not recommended due to some restraints although it can be chosen as ar
alternative option.

4.3. TheConcepual Stage:Composingdesign Concepts
4.3.1. FourthStep Scaling Degree of Creativity

Thosecompiled requirements become the basic understanding for AT design and final assessment
to test technological appropriateness, yet designers requirerdeaance to express their creativity
without ignoring required technological specificatiof&8i 60]. Because of that, a degree of creativity
is required to clearly giva framework for designers to put any AT performance in an approlgriate
designated levelA degree indicates the flexibility chances on how a requirement must be taken into
AT design.A degree also exhibita frame of creatie freedom and its constraintBy scalingthe
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degree of creativity, design freedom is provided, yet it must produce appropriates thatilt
correspond with respective requirenseainerged from fieldThus, degree dofreativity is constructed
by transforming compiled requirements into some freedom and constraint classifi¢atibleb).

To build a set of classifications, engineers must distinguish between freedom(s) and constraint(s) of
a requirementirst. Freedom(f) means that designers can put specification of an AT in flexible levels.
Freedom can bdiscoveed by taking allowable range an AT can perform fsupposedequirement.
Constraint(s)(c) is the limit designers must not design an AT becausadicates that an AT is
outstripping field requiremenBy combiningthese understandiagn both freedom and constraint,
there aret least fivedegree of creativity can be proposed.

Table 5. Degree of creativity

Degree of | Category | Requirements | Qualitative/Quantitative | Additional Notes
Creativity Indicators
0
[fixed] GI/T/IEIVIS | {name } {number} {unit} {position}; {ild
GI/T/IE/NVIS | {name} {condition} {ident
1
[c>f>c] | GITIEINIS | {name} {average} {max}{min} {position}; {ili
{unit}
G/TIENVIS | {name}
1st priority {name of option} {if é}
{x} priority {name of option} {not recommend ¢
2
[f>c] GITIE/NVIS | {name} {max/min} {number} {for ¢é}; { Max/
or {unit} {{higher/lower} is better}; {{less
[f<c] /| more} doesnoét
G/T/IENVIS | {name} {condition} {idem}
3
[f>c>f] | GITIENIS | {name} >{lower} {unit}; {idem}
<{upper} {unit}
4+
[~ f] GI/T/IE/NVIS | {name} - not defined yet; {{higher/lower}
i s better}; {il

f = freedom ¢ = constraint

The first degree is Omeaningthat designers must not change any content of respective
requirements. If a requirement is included in this degree, designers must fulfill respective regsirement
precisely in its fixed content. This kind of degree is usuatigressed for fixed content in general
requirements. The second degree is 1, in which freedom of a requirement exists between upper an
lower constraints (¢ > f > ¢). This is addressed for rébaged requirements which exist between
maximum and minimumirhitations in any operational variables. In this degree, designers can use their
creativity freely below upper limstand above lower limg but they must not put any AT specification
above upper limgor below lower limis. The third kind of degree is I this kind of degree, there is
one freedom and one constraint. Freedom can be lower or higherdbastraint. If freedom is higher
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thanthe constraint, it means that AT can only be designed to perform in any leveliglandvice versa

Thefourth degree is and occursvhen two freedomBmit one constraint. A requirement with dege

must be followedhrough design cin AT thatcan perform over or underconstrained range. Thast

degree is 4+. The #A+0 sy ndedified degrees due tb hoaspecificallye r e

defined target for respective requirengrso it cannot be indicated by degree. For any requirements

with a4+ degree, designers can design AT with any level of specification for respective requirements.
After all patterns of freedom and constraints are grouped, ¢batents of all requirements are

moved from formatted requirements (TaBl)eo each respective requiremeRbrmatting technique in

this step remamthesame, so there is rsignificant change frorthe previous stepSets of expressions

are moved intdhe fourth column, and sets of conditional statememésmovednto the fifth column

(Table 5). Somecharacteristics of formatting combinat®for requirements in each degree can be

observedn thefourth column. However, due to undefined degree of creativitthind+ degree, there

is an additional conditional statemefur the degreeThefi n o t d e fstatereedts adeet o

highlightthe widest freedom for designers, Ygtigher/lower} is beter} & { i f exéehdits meaning

by expressing better circumstances in which a requirement can be fulfilled or maybe ignored.

4.3.2. Fifth Step Establishing Physiological Concepts
4.3.2.1.Deriving Physiological Functions

After compiled requirements and scaled degree of creativity havefipesdred in the previous two
steps,design process entetise fifth step to producean embodiment of requirements into a design
concept Design concept of an AT is stated as a-qoastructionform that is constructed based on
derivation of targeted process combinedth emergedrequirements As a means toprovide fair
judgment, the number of design concepts must be more than 2 theddibowing reasons. If there is
only 1 AT design concepthere isno alternative judgmentso an AT cannot be judged as a really
better solution due to its independent condition. BEf’fem AT is referedto as a better solutiofor a
targeted processompared t@ny previoussolution the judgment cannot be aldy proven. If there are
2 design concepts, it means that engineersacave ata better solution between these two concepts.
However, only two concepts will not bring an open comparison. If a conceptdagineers dmot
have any other choicemnd must choose the second one even if it has anglight performance
difference to the first onelherefore, 3 is the minimum number of design concepts in an AT design
processBy composing three or more concepts, engineers can clearly assess them and pick one bes
solution amonghoseconceptsThe number of proposed concepts highly dependmtemtionsand
concerngaken in a design processich as financial or time linsit

In order to harvest some possible design concéipesflow of targeted process is very important.

Due to the fact that AT must be integrated iabtexisting process withouwxtensivelychanging local
activities,properunderstanding in a targeted processriscal [61,62]. Thus, targeted process must be
derived into its basic processes and events to recognize its working flow and also to discover
correlation between functions [63,64h their EPS approagkngineersisuallyderive a systerby its
morphologcal functions [65],meaningthat an assembly of technology is understood by picking each
partbased onts characteristics such as shape or movement. Some other techniques even incorporate
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genetic algorithms to form design moslf@6]. However, very detied functional derivation suchs
thesetechniques requires complex technical expertise, which seems counterproductive in AT design.
The reason is because AT design process prefers to provide a level of complexity that can be simply
understood by local pete rather than a complex one tlatusedechnological shock among locals,

even in an area with adequate technical knowledge [62,67]. Therefore, this new methodology propose:
physiological functions as the solution in providiag understandable derivatioprocess without
ignoring technical expertise of engineers. Physiological means that a process is derived in as few a
possible derivations until it produsebasic logic on how thewhole process worg so each
physiological function is a set of parts aibsassemblies which refleetcomplete, visible, and feasible
package of understandim$4]. By looking at its meanin@ single derivation is much better.

Figure 9. Deriving physiological functions
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Here, there are three types of physiological understanding (Fyufde first type is an overview
of targeted process (M). It indicates targeted process as a process (P) which transforms input (I) tc
become supposed output (OJhe rumber of inputs andoutputs is unique and depends on
characteristics of targeted process in each AT Jdere are three 1/0O as the main characteristics of a
mechanism/system: ObjedEnergy, and Indicator [64]. These three main characteristics are the
physiological forms oftommonly known EnergyMateriatSignal components in conceptual design
based on industriadtyle methodologies [20,64i Obj ect 0 i s t he processed
procéEmemgy s the power sour cladicaobd i psigmaldobdegndando n e (
stop some sukprocesses othe whole working mechanism. The overview is then derived into
physiological process (PPThis type of conceptual derivation shows clear working mechanism of
targeted process. It indicates how input(s) (for examdeand 1.2in Figure9) flows throughout the
whole process through some basic processes. Order of processing flow is alsedpnosfiading
correlation between PPs untiiley produce expected output(s) within a timeframe (t =0ttot=1t).
Preferred positioning between PPs can also be indicated to give deeper meaaimgiten working
situation of events. Then, each basiccess is derived int@ physiological function (PF}hat



Sustainability2013 5 3405

expresss a set of process flows handled by a single basic function. Thus, it paiidple but
meaningful understanding on a complete working mechanism of process. Usually, each physiological
function can be derived from a physiological procgetsometimes some physiological processes can

be combined t@reatea more compact desig8till, whenit happers, all design concepts must contain
thesame concerns to deliver comparable concepts in trgeaintain the consistency of judgment.

4.3.2.2.Exploring Alternativesfor Each Physiological Function

After physiological functions are defined, further analysis must be conducted &y gh#rnative
forms of each PFThis substep becoms anexploraton facet of this stepAlternative forms are
required to explore as many as possible design concepts by using testimagaee consistent with
the basic approach of this methodologg a bottomup-bottom methodologyany explorations must
be conductedbased on local anditiors, and they must exhibitocal intention in building a
technological solution to improve a targeted procdss.do so, alternatives for each PF can be
explored by looking at existing local processes that have similar fusctith respective PF, so
people can understarahy alternativewithout requiring any special training or technological transfer
that can stimulate broader intervention to indigenous knowledge or rolim@& considerations can
also be taken from compiled regements such as priority on using local techegjand/or materials
to ensure appropriateness of proposed concepts.

In order to maintainhe same understanding in all design steps, the number of alternatives for each
PF isthe same with the number of proged concepts, so 3 is the minimum num(pgrlt is extended
as the number of proposed concepts is incredsdue 6 exhibitsa tablebased presentatidn show
explored alternatives for each PFhe first row is the codification of each alternative. Namieeach
alternativearewritten inthe second rowThere is no format to name each alternative, gehename
shallbe simple butanreflect the main idea dherespective PFTo providea better understanding o
each PF alternativea visualizationof it is placed inthe third row; one visualization for each
alternative is enouglA visualization can bea photograph that is takemn the field, or a raw sketch
which can delivela good understanding dthe respective alternativet is useful to keephe design
process on the trackneaningthat any conceptis composedhrougha way by which PFscan be
imaginedand understooddy the local people Next, any advantages as well as disadvantages of each
alternative must be written otine fourth (advantagesand fifth (disadvantages) row3hey must
expressall of possible advantages and disadvantages of each alternaavendependent manner
which means thathoseadvantages and disadvantages notproducedfrom comparisorbetween an
alternative tootherones Thus,any advantages and disadvantageeattributedonly to a single PF.
Suchindependencys proposed to avoid premature comparison between concepts and to keep clear
judgmens in composing all design concepiBhe number of advantages andadlvantagegn) are
supposedo bethe same with the number of guosed alternatives for each PF, so an alternative can be
easily distinguishedfrom other ones when engineers start to compose physiological conthpts.
exploration of alternatives is aterative process for each PFherefore it will produce uniform
presentatiogon all explored alternatives.
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Table 6. Alternatives for each physiological function

3406

n. {advantagen}

n. {advantagen}

PF1 1A /I PF1 Alternative A 1B // PF1 Alternative B 1n// PF1 Alternative n
{name ofalternative} {name of alternative} {name of alternative}
{visualization of 1A} {visualization of 1B} {visualization of 1n}

+ 1.{advantage 1} 1.{advantage 1} 1.{advantage 1}

n. {advantagen}

1. {disadvantage}
n. {disadvantagen}

1.{disadvantagd}
n. {disadvantagen}

1.{disadvantagel}
n. {disadvantagen}

PF2

é

4.3.2.3.Composing Physiological Concepts

When all alternatives for all PFs are gathered, physiological concepts caronmgose.
Physiological concept ia design concept which incorporates an alternative for eaclCéMsistent
with the basic understandingf physiological function, physiological concefg composed by
combiring such alternatives to emerge a complete form whideaisfa whole targeted process in a
new mixture of exploredalternativesof physiological functions. This substep is conducted by
rebuildingatargeted process through piecegbysiological processdabat have alreadyden derived
into PFs and further explored by taking possible processing techniques and considering emerged
requirements into accountghis kind of composig techniquas familiar for engineer420,21], yet
theymustbe consistent witlthe bottomup-bottom approach and phykigicatbased understanding in
combining PF alternativemto any physiological concept®rocess and eventrodeling [63,64]
become the basic logic of physiological concepts rather than pure fundiesed exploratioriThus,
anyconcepts can be simplyderstood by local people becagsehconcepis derived from their own
requirements and explored in their own area.
The combination is developed to produce a number of physiological contleetsumber is more
than two and 3 is the minimum number. Thars alternative in first PF is connected to an alternative in
each next PFs by drawing a connecting line. A line exhibits a set of combinations, which means that a
line expresss how a targeted process is rebuilt by integrating physiological functionfdir hew
forms. Coloring techniquefor different lines is very useful to distinguish between combinations, yet
types of line can be helpful if there is no coloring medium tbe field. Combination technique is
conducted by simplifyingthe table of alternives (Table6) into a simplified one (Tabler).
Simplification is strongly suggested to deliver clear presengtathout muchinterferene between
lines and textsA combination is started by placing a number of columns that reflect the number of
physiological concepts which are supposed to be designed and constructed. (n) is the number o
proposed concepts. Columns are placed in each alternatiae iterative way beteen PFs. For
examplethe D1 column producga box for each alternative in each PF. Thaefirst physiological
concept is composed by connecting D1 boxes in all PFs, one box for each PF. Therefore, the result wil
be a complete form of targeted proeessis a new combination of PF alternatsv@ he technique is
repeated to compodhe next concepts. Due to a limited number of physiological concepts, some
alternative may not be chosen.
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Table 7. Exampleof physiological combinations

D1| D2 |Dn D1|D2|Dn D1|D2|Dn

PE1 | 1A| 1B 1n
{name-of alternativel {name of alternative {name of alternative

' > |
ool o1 | Al [ | | 28—t | ¢ | 2n
Aluminium plate {name_ of-aiternative {name of alternative
e LT ] 3 [t | B | )] an
{nameor alternative {name of-altetnative {name of alternative|

[ i I I
e ] | [ B T | an
{name of alternative {name of alternative {name of alternative

After the designated number of physiological concepts is reached, emerged combinations are
compiled (Table 8)The number of columns reflect the number of proposed concepts (n). The first row
exhibits codification of concepts. The second one lists combination of alternatives for each concept
sequentially. Code of PF, code of alternative, anchenaf respected alternatives are listed. Each
concept is then described in the third row. Description expresses processing flow in each concept,
connection between chosen alternatives based on connection of physiological functions, and reason
behind suclthoices. Then, advantages and disadvantages of all chosen alternatives in a physiological
concept are listed in fifth (advantages) and sixth (disadvantages) rows. Some advantages may b
removed when a physiological concept is composed through a combittatodoes not have such
advantages. Some disadvantages may also be removed when a respective concept is produced by
combination that can overcome such disadvantages. New advantages or disadvantages are als
possible to emerge in similar way with remosgbiation.

Table 8. Example of physiological concepts

D1 Dn
PF1 = 1B {name of alternative} PF1 = h {name of alternative}
PF2 = 2A {name of alternative} PF2 = 2 {name of alternative}
PF3 = 3B {name of alternative} PF3 = 31 {name of alternative}
PF4 = 4A {name of alternative} PF4 = 4B {name of alternative}
{ conceptdescription} {concept description}
Advantages
{compilation of advantages of chosen alternativesj {compilation of advantages of chosen alternatives}
Disadvantages
{compilation ofdisadvantages of chosen alternativi {compilation of disadvantages of chosen alternativ

4.4. The Desigmg Stage:Constructing Designand TestincAlternatives
4.4.1. Sixth StepConstructing Designs

The secondstage of design procegsoduces physiological concepts of AT based on emerged
requirements and physiological functions of targeted pro&ssh concepts amestablishedo be the
basis of the third stage: Designingctivities in this third stepare proposed to embody abf
previously proposed physiological concepts into real ATs that can be applied directly on designated
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fields. In this stageengineers can behave as designers, yet they can also mvpar8/ designers to
join design process. By looking at previous stagésch consist of detailed steps based on field
requirements, 18 party designers will understand required specifications of AT. Furthermore,
composed physiological concepts walllow an easier working situation for any designers due to
available guidanci objectifying each concept into an AThus,thework portion of designers is only

to actualize conceptinto reality. In order to choose sufficient candidaiédesigners, engineers have
to return to compiled requirements frdire first design stage,afjree of creativity fronthe second
stage, and of course tpéaysiologicalfunctions of targeted process derivedhe second stag&.hese
considerations are useful to find sufficient technical capabilities which belong to potential candidate
of AT designer(s). Foexample, if there are some priorities on local working methedme other
requirements indicate narrow range of eaohtent, and physiological functions are characterized as
wood-basedtechnology, s@ sufficient designers one whose thnical idealism is low in fulfillinga
narrow but simple technological specification, @dlso a woodwork designer/architect who naturally
understand woothased construction.

After one/more designer(s) are selected, they and engineers start to ¢xbtdasigns. The first
activity in realizing design concept is drafting design. Draft is a preliminary design in which a concept
is interpreted int@ real technical form. Draft becom#te basic understanding on how an AT must be
constructed on field. Riaer than full 2Bbased technical drawing with detailed information ftdia
AT design is more likely to be a 3based design without too much information. Important
information such as measurement sizing seegliredmaterial are indicated through simmeafting
3D-based draft with simple information is useful for local construction workers in parts manufacturing
and AT assembling. For some cases, supporting tools such -aso@&ing software [68,69br
3D-printing [70,71] are considerably useful toopide visible modeling iran affordable process, yet
due to the characteristics of AT in localizing resources through a soft appréadj, [Such options
must be taken by using locally available ones. If these characteristics are ignored, a designiéd AT wi
suely lose its appropriateness.

In an AT draft, measurement sizing is indicated through global measurement position. It is placed in
as few as possible positions without ignoring important sizes of AT design. Bill of material is not
suggested, yet alinaterials must be indicated by using direct explanation on the 3D draft. Hand
drawing is recommended to juxtapose local understanding and to make as natural as possible
construction process like local ones. 3D design can also be drawn by using a drdohgngrta
computer, yet any information must be written by hand to avoid hesitancy of local workers in
constructing an AT design. In an AT draft, position of input and output are also indicated by placing
information arrow on such positions. If processing nagmism requires further explanation, a separated
detail drawing can be provided. Still, simplicity must always be laid as the main foundation in
delivering any technical idea as easily as possible for local construction workers. An example of an AT
draft is shown in Figure 10.
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Figure 10. Example of AT draft (simple sizing)

wood 10x10

Since the beginning of first stage, this new methodology emphasizes the main focus on existing
local conditions, stairig from the bottom and giing resuls back tothe bottom. Thusthe working
process to construct AT drafts must be done on site. Because previoushstaggseady providd
complete information about gatekeepers, local techniques, their priorities, and some other
considerations similato when engineershoose AT designer(s), construction proesdsecomes
easier to doThe best candidate for construction proessan be picked up from gatekeeper GK111 or
GK110, with some exceptions to GK101 or GKOwhen there are limited optionsA potential
candidatecan be identified not only by taking required technical capabilities, but also their
involvement with local matters, both place and peopbeeptiors can be addressed to GK101 or
GKO11 due to their dedicatm for the future othelocal area. Besides,candidate must have technical
capabilities required by construction process. Because priority of existing local techniques have been
indicated inthefirst stage, the higher priority is likely to be the most mastered by local people. Thus, it
is easier tdind candidats with such capabilityg). Some other considerations that may be taken into
account are their existing livelihoods. Local people who have already been involwemmon
technical workings similar with working types required in AT constructiall be a better choice
rather tharthosewho donot have sufficient technical capabilities noneat all. People who have good
access to some required materials can also be involved to ensure smoothifessoaktruction
process and at the same timéws social learning ora collaboration opportunityThe number of
involved workers can be decided by lookindaatal existingworking stylesLarge group arebetter in
a community with good communal relationsghigmall grous or even individuad arebetter to apply in
an individual or familybased community.

4.4.2.Seventh StepField Testing

The sixth step of design process produces some ATs which are constructed based on previousl
identified considerationg\fter all construction processes are finished, all ATs must pass field testing.
The testing is implemented to observe the performances of each Atoftdactedo learn how each
AT can handlea targeted process smoothly by performing at better $eah a substituted method



Sustainability2013 5 3410

without raising negative impacts on produced outpulg)d testing is also supposed to address local
people. Aghe subject of development, people must understand by themselves how talegiglyed

ATs into their routines. By ying to operate such ATs, people automatically learn and feel comfortable
with proposed ATs.These conditions are very critical to ensure successful AT application by
delivering seamless integration withHemeang!l e s
testing activities must also support these purposes.

The first thing that must be done in field testing is moving constructed ATs to a designated site
where they are supposed to be usethefuture. A designated site can be the place whaerexisting
targeted system exsstThe placement techniquaims to avoid too much interference with existing
activities, sovhen people use an Amt heir future, they dondédt need
any issues surrounding related processhs.technique also attempts to make as natural as paasible
working situation even by using new technolo@esides, it is useful to give easiperformance
comparison for local people between existmgthod and new ATs.By directly comparing such
betterperformance ATs and existing method, people can feel more confalese AT inthe near
future, which means that the sustainability of AT application can be more assured in supporting local
survivability. In short,theeffort to give AT back to peopleegns from this design step.

After all ATs are moved tdhe testing site, engineers need to develop testing design as the
guidelinesfor thetesting process. Due the main concern of this methodology in which local people
are deeply involved, the testemust be local people. Technigue select such testers renmithe
sameas with selectiols in previous processThe @ame persons are suggested to maintain smooth
design flow and to ensure deep understanding of local people, yet different amasratter if they
are selected based on their knowledge to and dedication for local matters. In order to deliver testing
activities that danot creatdoo much interference wittne daily activities of local people, testing tise
must be arranged based on eamiptroutines. They must be gathered and matched with required
activities (Table9) . Listing techniques is conducted by
and possible activities in some spare or transit schedudg tbesame time with peoples act i vi t
implementing previous method on targeted process (last three ones). {name of routine} and its timeline
{dd:hh:mm} are noted, then are further checked for its availability to do testing activity {{A} or
{N/A}}. After that, {name of possibleactivity} and its required time are entered. This technique is
repeated until all available times are fulfilled.

Table 9. Example of testing time positioning

Daily Routines Testing Time
Routines Timeline Availability Possible Activity Required Time
{name of routine} | {dd:hh:mm} | {{A} or {N/A}} {name of possible activity} {dd:hh:mm}
é é é é é

Whenpossible testing times aoempletelyrevealed, engineers can start to develop testing design.
Testing design is set of procedurethat must be doneat a site that is built to find out the field
performance of observed AT is developedising a time-based ordethat reflect time positioning
discoveed previously (Tabl®). Procedures are determined by considering required performance that
must bemeasured directly on field\ testing design is supposed to have as few as possible procedures,
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yet each activity must be managed carefully to explain adycsapossible observed performartdence,
measurement activities are better to be laid oniagisheasurement standards. It is suggested in order
to deliver understandable measurement results, and also to provide easier explanatimtomes of
AT0d s deasyement standardan be taken based on expected outpus ahidbserved performas.
Existing standards which are related to processed input and/or process itself are also useful to be use
as the basis of procedures. These &infl standards caproduce areasier testing design due to
standardized procedures, yietir schedule must be matched with testing time positioning (T&)le

Example of testing design is exhibited in Tab® Order number of each activity is writtenthme
first column. In the second columihe timeline of each activity is provided. The formats are {ddH
{hh:mm}, means day, hour, and minute, respectively. Day and other two time units are separated due
to different understanding on each set of unit(s). Day is indicated by a real/natural number such as 1, 2, 2
etc that expresses the day an activiticasducted calculated from first day of one test cycle. Thus,
testing is started at Day 1, second day will be Day 2, and so forth. Hour indicates the time an activity is
conducted in 2dased or 1:based hours in a day. If dased hours is used, after Mta the proper
meridiemmust be declared by writing AM or PM. Then, Minute is expressed-na6éd minutes in
an hour. Hence, an activity which is conducted in 1:30 afternoon can be indicated by writing 13:30 or
01:30 PM. After thatthe {name of activity expresseghe activity that is conducted ithe respective
timeline. More than one activity is possible, but their orders must be seb#duled to avoid
counterproductive testing process. Then, {applied standard} is indicated in the last columrbdt can
expressed by using the number of a starslaased on its issuing organization. The formatting
technique is repeated for each scheduled timeline until all activities can fulfill all required
measurement units.

Table 10. Example of testing design

Procedures
Timeline -
No. , Activity Measurement Standard
Day Time
1 {dd} | {hh:mm} | {name of activity} {measured performanceg {applied standard}
& e e é é e

After that, developed testing design requires some measurement forms. flltetesting is
conducted, local people as testers need a standardized format to record observed performances, it al
includes required testing instruments to measure such performances. Forms are constructecabased or
testing timeline (Tabld0) with more emphasis on measurement results and the time each result is
happenedEach oftheapplied standards may also provide specific fosf@atmeasured performances
in respective standasdlablel11 showsan example of measurement form for observed tempesabfire
a heatrelatedAT. It shows testing date, timeline, normal (outside) condition, and AT performance
(inside).Such columns indicate complete measurement results on an AT for an observed pegformanc
(temperature) and comparison to normal conditions. Comparison to targeted gsdizess] on
existing method can also be included in a formgfich process conducted fronthe same starting
dateandtime and tested by usinthe same standardsnd procedures with observed AT# format
must consisbf sufficient numbes of rows to contain enough space for one testing cydene tables
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are also required to record opingdnom customers about output quality of improved process, yet it is
not supposed tde formatted as direct questionnaires to maintain natoegtingroutines between
users of ATandtheir customersAfter all forms are completed, these forms are given to testers by
including some explanation and short training how tothi®testing proess, to use all required
instruments, and to fill in provided form§hereshould be no problems because any testing activities
and forms are developed basedsame origin: local activities, which means that responsibility to do
any activities or procedas written inthe testing design and to fill in any forms can be done as they
performtheir normalactivities.

Table 11. Example of temperature measurement form and result

. Outside Inside
Date Time -
Humidity Temperature Temperature

June ¥, 2013 | 08.00AM | 46% 30°C 52°C

12.00 PM | 56% 32°C 59°C

16.00 PM | 53% 31°C 52°C
June 2% 2013 | {hh:mm} {number}% {temperature}°C {temperature}°C
é é é é é

After all thetesting preparations are finisheletesting process can be started. Testing is started
the same day for all ATs to get comparable resulteal people as testers are suggested to do their
daily routines ina normal way, so AT will not become significant time burdens for th&tmeach
apminted time, testers cararry outtheir responsibility by following testing design and filling in
measurement form&ecause testing activities have already been matched with their normal activities,
the testing process is integrated to their routinedtld iby little, people will understand such
i ntegration, so they wonot experience signifi
themselves in their own routines.

Furthermore the testing process is repeatéat as manycycles as possible Y consideringthe
required time and clarity of measurement resétsycle must be finished by briimgy output of AT to
its existing customerandto observe their opinion about new improved output. Isolation of samples
produced from different AT is reqeid to get clear differentiator between samples. Observation must
be conducted in natural way, which means that as few as possible information about tested ATs are
provided for any customer®lso, samples must be packagedtie same way/technique peepl
pacled the output ofthe targeted process befotke ATs are tested. Natural packaging is useful to
maintainthe natural condition of produced outp@uch techniquewill produce less bias opinion on
AT testing process or of a specific AThus, testing cycles will produce sufficient information for
next design stage, and local people can continuously incorporate AT to their actiitthsmeans
they get more understandinftbe AT operation and its benefits for their livelihoodster sufficient
numbers of testing cycles are completed, all measurement results are compiled into as few as possibl
compilations in order to simplify data presentation. The quantityoofpilations is defined based on
the need of further performance valuatiédl. data in any compilationsin this stepmust contairthe
same measurement wihdicated in compiled requirements (Tald)e
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4.5. The Assessin§tage:Valuating and Evaluating Appropriateness
4.5.1. Eight StepValuating Performances
4.5.11. Establishingvaluation Standards

The third stage of design process in this methodology provides a number of AT designs and
gathered information from field testinfhey becomestarting points to establiskaluation standasi
for AT. Valuation standacorsists of a set of values in which each of them indicates specific
performance based on compiled requirements (TdhleTable 12 exhibits the basic format of
valuation standards.ngme} indicates the name of respective requiremdifte values are whole
nunmber (0, 1, 2n) with n expresses maximum valuation. Hence, it is same with the number of tested AT.
Zero (0) value exhibits that an AT cannot fulfill respective requirement. Each of next values)(1, 2,
indicates a condition in which an AT cperformfor arequirementt acertain levelMaximum value
means that an AT can precisely fulfill such requirem&hé content of each value in each requirement
can be standardized based on the formad wdspective requiremenhext, kecause any ATs must
fulfill all general requirements (G, Tall such requirements are not standardized here. General ones
becomethe first and basic judgmestboutwhether an AT can handtbe main purpose of targeted
process or not. Therefore, in valuation standard thereryethree types fostandardized formats
which are rangdased format, prioripased one, and formatting technique for unidentiiei
requirements (Degree of creativity 4+, Tab)e

Table 12. Basic format of aluationstandards

TECHNICAL [T] n 2 1 0
{namé} {range} {unit} {range} {unit} {range} {unit} {range}{unit}
{only} {option 1}
{name} {or option x}
{namé} {The best {The worsg {The wors} -

{option 1 & x} | {option 1 & xx} | {option x & xx}

For rangebased requirements, values are standardigedividing freedom range with number of
ATs (n). Suchatechnique is very simple to be applied fangebasedequirementshat havel degree
of creativity, yet for onethathave?2 or 3 degregof creativity, further distribution must be taken. For
them, values distribution imadeby dividing unlimited freedom with simple incremental units, such as
5, 10,etc It is useful to deliver easy explanatsdor local people to understand such performaRoe.
oneswhich have 3 degrees of creativity, incremental technique is taken in both ways, addition for
above upper limit, and reduction for below lower linfihe best value (n) is determined by looking at
preferable performance level indicated by {{higher/lowexbetter} format (Tabl®). Thus rangebased
valuation will producehesame 0 untih values.

Next, the priority-based format is standardized by providing possible combirsatiooptions by
looking at their order of priorityUsually, the first priorityis the most preferred option, so maximum
value ) indicates absolute usage of first priority in an After that, next values are determined by
addingtheless desired optiofx or xX) beside one withthe highest priority.Lowest value (0) indicates
no usage of highest preferred option and excessive usage of least preferredHomefger, special



Sustainability2013 5 3414

circumstance may happen in which some priorities are sugdestese due to dominant usageghe
local areacompared to otheones.In such casg maximum value must contain suggested priorities.
Next, thefollowing values can be decided by removing-tayeone suggested options and/or by adding
less suggested one($hen, similar with normal circumstarg;€0) value means thauggested options
arenotusedand less suggested or{@®r xx) are used excessively.

The last values standardization is addressed for requirethentk not have clear freedo¢s) and
constraings). They are indicated by 4+ degrees of creativity (Ta)leThesetypes of requirements
cannot be clearly divided as well as distributed into some valuation |éMels, the simplest
technique is applied by sorting performance of all ATs in ortlels very easy to understand by
anyone, and still providereliable comparison technigsidor any unconstrained requiremenihe
value attributed to an AT is determined by lookind{atgher/lower} is better} format. If higher is
better, so maximum valu@)(is attributed to an AT with highest performanaadvice versa Due to
order sequence, the lowest value will hehkre is no zero (0) value becauses the number of ATs
andtheleast valued AT will always be one (1).

4.5.1.2 Valuing Performances of EadlestedDesign

After valuation is standardized, eadstied design must also be valued regarding its performance
Performance valuation is required to find twtwhole performance of each tested desigthe@same
measurement unit with field requiremer{i&able 4). Here, there is no comparison with valuatio
standard (Tabl&?2), because the only intention of this ssthge is tonvestigateperformances of each
design. Therefore,his substep is conductedy gatheringtesting resultstogether with some
required calculations.

Testing results are taken frafme seventh step. Any compilations must be further regrouped based
on respective design aspedor each requirement. Such regrouping is proposed to differentiate
requirements in an aspect to other ones in other aspects. It is useful to distinguish the purpose of eac
one. Beside gathered testing results, some calculations are required to prailgck deasurement
units indicated irthe first design stage. A calculation can be conducted by looking at relationships
between some specifications of each AT which can generate an objective function tthasduae {unit}
with a requirement. It can aldme implemented by utilizing some requirements in conjunction with
some performances to get a new indicatah@same {unit} with one of compiled field requirements.

In order to make valuation to each tested design, there are three types dhattae be used to
express each performance (Tab8. The first type can be formatted dixed number} {unit}. {fixed
number} is useful to exhibit rang®ased or unconstrained requirements, especially for quantitative
performances. Qualitative performances ba expressed using {condition}. Any performances in such
requirement types can produce a fixed number, for example a single number which indicates average
or a single condition that refers to a requirement. For quantitative performances, ones charbd gat
both from field testing and calculation. Nexhe second type is used to represent rapased
requirementshat are produced still itherangebased form when they are tested/calculated to get AT
performances. Other than requirements in the fygeé of value, some requirements may indicate
performances within a range, for example temperature when it is expresseghgs rather than an
average. Thus, such range is written in its original format. Then, the last type of value accommodates
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priority-based performances. In order to indicate such performance, each AT is reviewed to investigate
the usage of any optionsd@r xx). The result will be enough to discover performance of each AT design.

Table 13. Valuing performances of each design

TECHNICAL [T] D1 Dn

{name} {fixed number} {unit}/{condition} | {fixed number} {unit}/{condition}
{name} {range} {unit} {range}{unit}

{name} {only} {option x} {option x & xx}

4.5.2.Ninth Step:Evaluating Level of Appropriateness
4.5.2.1 WeightingOperational Variables

Due to the multcriteria characteristic§72] of compiled requirements in this methodology,
proportion between a criterion to other ones as well as to the objective functions of assessment need
to be proportionally distributed. Thusuch multicriteria must beveightedto discover the influence of
each criteria to the functions of assessm@73]. In weighting substep the weight of each
requirement (operational variabledmpared to other ones tine sameaspecis calculated. In order to
get the weight for each operational variable, commanigineers/designensse ranking mods]
however in this methodology binary numbers are very useful to suppress any subjectivities of
engineer(s) as well as local peopleatetl to the weight of each operational variable. In order to do
that, all operational variables the same perspective are coupled and compiredch other by using
binary numbes (0 or 1). A more important operational variable will be given 1, andoitgple 0. The
results of all comparisons for each operational variable are then summed. The sum is then divided by
total number of comparison process the same aspect. Comparison processes are separated between
perspectives to get apple-apple condibnsin every process. An example is given in Table Such
process is conducted by asking local gatekeepers #imintportance of each field requirement (their
own requirement) to other ones, in informal communications. Complete comparison for ratitia¢o
variables canot be conducted i onetime communication. The most critical thingfis local people
to express themselvas a comfortablesituation Thus, informal communications to a gatekeeper may
require some discussions to discover all cangons.

Table 14. Example of weighting process of operational variables

Technical %

13.3%
26.7%
6.7%
6.7%
20.0%
26.7%

100.0%

Same variables cannot be compasedtheir cells are colored as black. Variables in left column are
called primary variables and variablestive top row are called as secondary variables. Comparison
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processes armadein a horizontal direction. In a comparison process, a primary variable will be
compared to a secondary variable. When a primary vagaiseal, so the secondary variable will get O,

vice versaA cell is filled with the binary number fa primary variable The number should be given

in reverse order while the primary and secondary variables exchange their position in other comparison
processs (see thegreencellsin Table 14. In the end othe comparison processes, the numbers for
each variable are summethe calculations areadehorizontally. Thus a sum is the result of sum
processsfor binary numbers of a primary variable in horizontal order. Then, the sums are summed
vertically to get the total sum. Theoreticallgetotal sum is expressed as:

TotalSum=(ni 1)+ (ni 2)+(n13) + & ((nil)( n
=BLi(¢ 9
with n represennhg the number of operational variables in the perspective where they exist.

Next, the sum of each operational variable is divided by total sum, so it will result in the percentage
of influence of an operational variable to the perspective. If an operational variable got 0% influence,
the condition is called as an error time assesment process. In planning processgineefs) may
thinkd subjectively that the variable should be included in the designed technology/equipment, but

in factd objectivel\d the variable will not really influence the result of assessment (the performance
of each design alternative).

(6)

4.5.2.2 Performance Evaluation

The eighl step produces valuation standard (Taldefor all compiled field requirements (Tabig
and discovered performancéRable 13) of each tested AT (Tablgl), while the ninth stepdelivers
weighting result for each operational variabl@able 14) in each design aspect (Tal#@ Those
outcomesare used as the basis of performance evaluation. Such evaluation is implemented to
investigate how well an AT performs compared to estaddisbaluation standasdy incorporating
weight of respective operational variableto accountValuation standard becomes a guideline to
decidethe ability of an AT to achieve a performanceadrsingle requirement. It guides engineers to
clearly give apropriate value for a performance.

Performances of an AT are treated as inputs for this evaluatiestejid\s inputs, performances
are processed to generate comparable values between requirdhentsave different basis
(qualitative or quantitative) andifferent types (rangbased, prioritybased,or unidentified). Such
processing technigseare conductedby usingthe calculatedweight of eachoperational variable (a
field requirement)o further transform comparable values in an AT into comparabiesdetween
tested ATs.The outcome is a compact valtleat reflecs the whole performance of an ATEven
though all ATs have performances tine same field requirements, same valuation standard, and
emerged fronthe same valuation technique, performame@luation is conducted separately for each
design and each design aspeqirovide clear comparisaiibetween ATs and to distinguish intentional
purposs of performances in different design asgetttis applied toavoid interference betweeuch
aspecs. Formatting technique to do performance evaluation is exhibited in T&ble
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Table 15. Basic format of performance evaluation for each design in a design.aspect

{aspect} [ {A} ] D1 D2 Dn
{name {performance} {performance} {performance}
W {standard} 2 try%e {standard} 2 e {standard} 2} tryee
{name {performance} {performance} {performance}
W {standard} 2 try%e {standard} 2 e {standard} 2 tryee
100% {Qz | {Qv}% {Qz | {Qv}% {Qz} | {Qv}%

Thereis muchinformation and data that need to be laid in order to proaiclear explanation on
performance evaluatiolBecause performance evaluation is conducted in a single design aspect for
each AT, he first informationdelivered inthe performance evaluatioralble is the name ofthe
observed aspect {aspect}, whiah one of Technical, Economi&nvironmental, and Social. Such
aspects are provided in Table 3 or Tab® In the same cell, the code of observed design aspect is
written {A}. In the same rowthe code of each AT ishown horizontally until last AT desigm)(
Started fromthe second row, evaluation is performethe first column indicate§name which
informs the name ainobservedperational variable. It can be taken from Tahl&able5, or Table 12.

In thenext column, the weight of each operational variable {W} is indicéedh weight can be taken
from Tablel4 for each operational variable iherespective design aspeteights of alloperational
variables must be checked by summing them in verti€alrrectdata will result in 100%After that, n
the set of three columns for each design, single format is appledirst column in each design
consists of two informatiorvalues The first information {pgdormance} is the value of observed
performancen an operationalvariable It is written inthe upper cell.Performance of an AT iits
respectiveoperationalvariable is taken from Tabl&3. In the lower cell, standardized valuation level
{standard} for such performance is entered. The technigaarchesa group of valuation iman
observedoperationalvariable in which such performargexist between its range/condition. Such
range/condition is taken from Tall@, and written intalic font to differentate it with {performance}
In the second column dhe respective AT design, the value of standardized range/condijons
enteredSome AT designs may have safdé valuedue totheir performancethatexist inthe same
range/condition which ha already been standardized in Tadl2 For example, if a range of
temperature from 40C to 50 °C is standardized as having valuation 5irs®{Z} value for two AT
designs that each generate ‘43 and 49°C, respectively, is 5Then, all {Z} values foroperational
variables in a design aspect are summed to prodQge The next step ithe transformation of {Z}
value of respective operational variable into {Y} value in percentageb{®©onsideringweight of
suchvariable {W} into accountlt is expresse as

{Y} = ({(Z}An}) x {W} (7)
with {n} is the maximum number of standardized valuatisich is same with the number of AT

designs. Then, all {Y} value of operational variables in a design aspectisailgrsummed to produce
total value {Q}. It should be lower than (imperfect performancethersamewith (perfect onell00%
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4.53. TenthStep:JudgingAppropriate Technalgy

The tenth step is the last one imsthew methodology. It concludes all nine design steps to discover
the best AT based on previously investigapsiiformanceof each AT It attempts to judge such
performances by using some judgment technigBash judgments conducted inwo techniquesn
order to deliver as clear as possible judgment thraughfficient way in a specific situation. Such
techniques are sorted based on precision level of judgment result and also level of difficulties in
implementing respective techniguéhese techigjues a Simple Appropriateness aribrmalized
AppropriatenessThe first technique focuses on simplified judgment that takes performance evaluation
in its original form while the second one emphasizes the importance of each design aspect based on its
order intechnological appropriateness levddsie to sorted order, the second one must be conducted if
only the first technique cannot provide adequate information in deciding the best AT.

4.5.3.1.JudgingTechniqud: Simple Appropriateness

The first technique ithe simplest one. It is conducted by taking the result of performance evaluation
(Table 15). It emphasizes visual judgment by constructing radar diagram of performance evaluation
results. Such visual judgment is taken to prowiskesimplest technique folocal people. They can
directly discover technological appropriateness for each AT design by looking at such visualization.
By using visual technique, they dmt need to do any further calculations to investigate required
considerations. Besides, thismgile technique delivers an effective way to distinguish between AT
designs, which means that it can reduce difficulties for local people to select an AT tha hest
appropriateness level.

In this technique, the required data are/J®@alues for all AT designs in all design aspects. Each
{Qvy} value is entered in its appropriate cell as shown inlgdle. After that, they are directly
transformed into a radar diagram (Figut&) which visualizes mapping of simple technological
appropriateness for all Adlesigns. By looking athe radar diagram (Figurél), the best AT can be
judged. The best one is an AT that hhe visually widest inner area in suddiagram. Such
conditiors mean that an AT hathe highest performances in all design aspects. An ATgdesmay
have lower performances in one or two design aspects, yet if theagdest inner area, it can be
decided as the best AT or can be simply stated as htnahgghest technological appropriateness.

Table 16. Judgment §ttechnique (Simple Approteness).

Max D1 D2 Dn
TECHNICAL [T] {Qvrof D1}% | {Qyr0f D2}% | {Qy of Dn}%
ECONOMIC [E] 100% {Qveof DI}% | {Qyeof D2}% | {Qye of Dn}%
ENVIRONMENTAL [V] {QyvofD1}% | {Qyyof D2}% | {Qvy. of Dn}%
SOCIAL [S] {Qysof D1}% | {Qysof D2}% | {Qv.sof Dn}%

However, if the best AT cannot be visually observed in such a diagram, the axis in the diagram
must be reversed: AT code fIp as main axis, and performances in each design aspect become
secondary axis (Figure 12). Thus, a new radar diagram will visualize areas which each is constructec
by performances of all ATs in a design aspect. By looking at such a diagram, further visual
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information can be taken as the basis of decision. Technological appropriateness is specified by
observing visual intensity of performances of each AT design and its visual distance to maximum
value (100%). The best AT is one that has the most intensemarfoes, which means that its lowest

and highest performances between four design aspects are located on the nearest position compared
other designs. If more than one ATs has similar visual intensity, the best AT can be decided by looking
at the visualdistance of such intensity to maximum value. If an AT has intensity that is located on
closer position than other A®swhich have same visual intensity it must be chosen as the best AT.

If the location of intensity still remains same, the best AT igtlogiehas the intensity trend (position of two
design aspectsd performances between | owest an

Figure 11. Radar diagram of simple appropriateness for each design
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Figure 12. Radar diagram of simple ampriateness for each aspect/perspective
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4.5.3.2.Judging Technique INormalizedAppropriateness

If the first technique cannot deliver clear judgmevijch may becaused bytoo tight differences
between two or more AT designthe judgment processnust be continued by using second
technique(Table 17). The second technique emphasizes differences between levels of technological
appropriateness in theoreticainderstanding[13]. Such levels are interpreted by providing a
normalized coefficiento distinguisha levelof appropriatenes® other ones

Table 17. Judgment &d technique NormalizedAppropriateness)

Max | IA D1 Dn
[T] 1.5 | {Qyrof D% | {(A/10)xQ}% | {QvrofDn}% | {(IA+/10)x Q}%
[E] 100% 15| {Qveof D1}% | {(IA£10)xQ}% | {Qveof Dn}% | {(IA £/10)x Q}%
[V] 3 [ {QvvofD1}% | {(IAV/10)xQ}% | {QvvofDn}% | {(IAv/10)x Q}%
[S] 4 | {QvsofD1}% | {(IAJ10) xQ}% | {Qvsof Dnj% | {(IA J10) xQ}%
{So.api} % {So.apn} %

In this technique, levels of technological appropriateness are normtdpedhusingthe 10-basis
coefficient. Because there are three levels, 10 is divided by three. It pradetasic normalization
coefficient 3.33. Due to proposed leveling idgdS] that lay Social aspect as the ultimate
appropriateness, all decimal values are addethacacoefficient of Social aspect. It will generate
coefficient 4 for such aspect, 3 for Environmental aspect, and tBddeast level of appropriateness
that consists of Technical and Economic aspectse mormalization coefficient othe last level is
divided by two, sothat each ofthe Technical and Economic aspects lasoefficient 1.5. Such
coefficients are stated as the Importance of Appropriateness (lA).

Next, generated data from the first technique (Tab®e are normalized by using {IA} for
respectivadesign aspecthe normalizationis conducted by taking total performance of an AT design
in a design aspect { into account. The results of suobrmalization processsare then summed to
find the total of normalizedppropriatenessSq.a} . The calculation is expressed as

{Soua} [%] =x ( {1Q) k@}) (8)

wherex is operated to sum all performances/JQThen, he best AT isimply decided by looking at

the highestotal of normalized appropriatene§Sq a}. If more than one AT hethe same results, the
best AT is selected by looking Hte highesttotal of normalized performance in each design aspect,
sorted from the ultimate levdlSocial aspect) to lowest one (basically appiete: Technical and
Economic aspects) If two or more ATs have highest total of normalized performance and have
identical normalized appropriateness in all design aspects, it means that such AT designstaiaal b

as the best ATs.

5. Closing Remarks: Call for Applications

Researchers had agreed that AT design and development activity in community empowerment
efforts required a dedicated EPS by taking principles of AT and empowerment approaches into
accountwithout ignoring design and engineering principles which had héetytaken by engineers
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in existing EPS approael The AT concept is focused on resource localization and soft apprbach.
addition some tiers of technological appropriateness exigt@$asis to interpret the coverage of an
AT on some fundamental aspects of community problem solving: the seven pillars. In this study, the
combination between such conceptions and EPS prinagpbedesa new design methodolodkat is

laid on existing rgineering techniques but with new understansibegsed on AT and empowerment
principles.The newmethodologyis developed aaflexible oneandis positioned between criticaityle

and pure flexiblestyle ones Thus, itis linear, with moden trends by with they attempto provide
designmethodologieghat could be used in different applications with similar principles/approaches.
The new methodology emphasizatsong involvement of local people as the sulsje€empowerment
rather than only objestof development. Local peoplare involved at every singleopportunityin
which they are closely related with activities in ach design stagelt bemmes the ultimate way to
ensure sustainability of AT usage and survivability of its userthis methodalgy, engineerarethe

ones who ddechnical assistance to accompany local peoplaviestigatingtheir own requirements
andto actualizediscoveredequiremets into an AT as the reflectiokngineersare suggestedo fsito
together with people in local daily routings order todiscoverlocal requirements by incorporating
informal approach to gatekeepe®ich technigueare usedo ensureechnologicalappropriateness
since the beginning of AT desigReal problemsare nd supposed to begiven inputs as seenin
commonEPS approads Also, AT designprocesss not something engineecando as usual

However, developing a new methodoldgyot atransient/simplevork. Our internalmodeltesting
processesrothe new methodologlgaveprovided satisfyingresuls both in reproducingomeexisting
successful AT designs (validity test) and in desigrsegeralnew ATs (reliability test) yet wider
applicationgimplementationgangive better inputs for further delopment of the new methodology.
As wide as possible applicatiorsse requiredover yearsin order to continuously perfect the
methodology.Thus, this paer also becomesa call-for-applications for other AT researchers in
community empowermergrojects Any results from these kisdf applications wl be welcomed as
inputs for further development. Direct suggestiansl/or questionsan also be directly addressed to
the corresponding authoithe authors willgladly welcomethe chanceo supervisefield applicatiors
by delivering further detailed explanation on any stages in this new methoddfdgyestimy
applicationswill also be possible to be included in further publications to emphasize implications of
the new methodologyResearchers who are indsted in the topic are expected to join this
multidisciplinary movement.

Regardless of this movement, other researchers can expand the discussions into some other subjec
For example, ¥ looking at the characteristics of bottamp-bottom approachand suvivability
principles, AT ould be understood as a democrd®sed technologgs the same as when it was
started by Gandhi but was forgotten by many stakeholdéaseircommunity empowerment effortkt
began from local people, by local people, and focdl people. Engineers lame technical assisten
rather than dictators of developmeiiterefore,researchers in sociology disciplinesutd explore
possible relationshgpof the AT movement to the development of understandihglemocracy in a
particula underdeveloped communitgnother possibilityconcernsonstructinga new toolfor policy
development for AT by incorporating AT and empowerment princidiesause underdeveloped
communities were usually treated as a burden to regional and/or national growth, principles of AT and
empowerment @uld inverse such understandindyy denoing the ¢ 0 mmu n importantsréle as a
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critical foundation ofgreaterresiience. Due to the fact that resilience was understood as the
toughnes®f a social entity in fang challengegven in a crisigt should be founded on thminciples of
survivability rather tharsustainablalevelopmenbecause sustainabiliglonewould bemore likelyto
meeta saturated conditionf developmentaused by stagnant growth.
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