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Abstract. Appropriate technology is widely recognized as a good solution in providing alternative 
technology for underdeveloped people who live in very limited circumstances. However, it is often 
seen as an idea without a clear explanation from an engineering perspective. One of the critical 
processes in the appropriate technology design process is materials selection. This study aims to 
provide applied logic for selecting materials in the design process. The logic is constructed by 
surveying previous notions from researchers. Reasoning techniques are explored by using design 
thinking. This study reveals that there are four focuses that must be applied to find sufficient materials 
for appropriate technology. This study also concludes that, unlike pure engineering efforts, which tend 
to substitute materials given in a technology design with locally available ones, appropriate 
technology starts from existing resources to produce its design. It requires soft selection by involving 
local people in exploring any potential materials which already available in their own area. By 
looking at previous studies which tended to ignore the contribution from local people in exploring 
potential materials, this study turns it back and encourages insights for further research around it. 
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1. Introduction: Issues and Opportunities 
Appropriate technology (AT) is often stated as a solution-based approach to problem-solving in very 
limited circumstances. As means to provide alternative solutions, AT is commonly implemented in 
underdeveloped regions. Limitations of local people which affect technology implementation are 
included in the design process as input variables. Commonly, engineers started to design an AT by 
using a set of given problems and/or specifications from their local or international partners such as 
NGOs or governments [1]. Data gathering is then conducted to fulfill missing information. 
Particularly in materials selection, engineers generally start the selection by designing an AT based on 
pure engineering considerations, and then modify it to fit local limitations. Materials are selected 
based on an armchair design which is then adjusted locally. 

However, engineers often force themselves to decrease engineering specifications due to technical 
limitations of local materials. Through observations [2], engineers tend to localize materials by 
substituting their own materials choice with locally available ones and almost without such 
observation of local opportunities from the beginning of the design process. Their approach is rigidly 
developed and has a narrow focus. Consequently, local people are treated as an object rather than the 
subject of AT cyclical development [3], a condition that forces locals to receive the final result of 
engineering processes without enough involvement in the materials selection process by using 
collaborative design thinking. Therefore, this study will answer the following research questions: 

RQ1 What kind of focus is suitable for selecting materials in an AT design process? 
RQ2 How can engineers involve local people as the main information source in materials 

selection without avoiding their existing limitations?  
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2. Four Focuses: The Holistic Approach 
In AT movement, design process is often conducted by using probing method. It is caused due to too 
many local limitations which affect collection process on existing data and even any communications 
in gathering required information. In order to decide any technological appropriateness, price-to-
performance indicators are often used by considering economical values for each technical 
performance unit. Engineers prefer to do economical calculations because they think that it is easier to 
be understood by local people rather than knowledge transfer on engineering calculations. Hence, 
most elements of an AT are selected based on maximum economical values but limited engineering 
performance. Besides that, many AT applications were noted as failed projects because the low 
attention to social indicators [2-4]. Technological acceptance is interpreted as how many people use 
an AT rather than how people can keep themselves survive by continuing AT development in the 
changing future and uncertainties [2, 3]. As a means for increasing social value, engineers in 
collaboration with local body have tried to apply such capacity building. However, their concern still 
stands on how locals can maintain an AT. It causes a double-faced negative force. On the first side, 
people cannot keep their survival efforts if a planned sustainability is facing such new uncertainties 
different than a set of predicted ones. On the other side, engineers decrease technical specification to 
be sufficient with a set of assumed social indicators. Furthermore, the critical position of AT 
development is then coupled with environmental issue: another double-faced force. Engineers can 
overcome such environmental impacts by using green technology, but required technologies are still 
expensive and cannot be obtained in targeted areas. On the other side, local materials are often 
collected by gaining natural resources, but it will give another type of impacts rather than increasing 
environmental benefits through the implementation of an AT. 

 

 
Fig. 1. a) Tradeoffs; b) Simultaneous approach 

 
In order to overcome those tradeoffs (Fig. 1a), all issues must be coupled each other 

simultaneously [5-8] (Fig. 1b). Four focuses require deep understanding on local conditions without 
given considerations. In any economical calculations, required inputs are interpreted as how much 
people want to pay for a technical improvement rather than how much money they need. It will 
encourage simple but logical calculations by locals rather than an investment of such amount of 
money with less output by donors. As means for providing understandable technology, it is better to 
tweak existing technologies rather than bring fresh idea from other place(s). Technology which stands 
on its own place will increase the acceptance and provide opportunities for its redevelopment even 
without any future assistances from outsiders [1, 2, 8]. Next, social issue is the critical entrance for 
technological diffusion [4]. Engineers need to reduce as much rigid plans which are founded on 
foreign experiences. They require enough understanding on what social goals local people want to 
pursue. Any AT developments must be conducted to make targeted people do self-reinforcement 
process by using technological improvement. Then, environmental focus must be considered as an 
effort in order to localize materials by triggering good compensation benefits [8]. Natural resources 
are used by applying reusable design for as many parts in an AT construction. Disposability is also 
useful for reducing undesired environmental impacts. Preferred materials are ones which can be 
naturally processed. Traditional materials processing techniques are better than modern ones that 
produce CO2 emissions. By considering these options, engineers must focus on maximizing all issues 
rather than proposing a balanced condition but at low level for each issue. Technological 
appropriateness is on all focuses with high values [4]. 
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3. Materials Selection: Involving Local People 
Each of those focuses has different considerations but they influence each other [4-7]. As means to 
ensure the success of an AT implementation, materials selection must involve local people as the 
party who know their own abilities and surrounding opportunities [2, 5]. In the beginning, engineers 
require a master question to encourage active participations of local people. It can be started by using 
a statement about the plan to develop such technology for certain purposes, or maybe with simple 
basic question about their current condition. After that, let people drive the communications. 

People, along with their existing logical capabilities, will give statement based on their own 
understanding. They will say about how they can use the supposed technology, or explain their 
economical limitation, or even give denying gestures affected by previous AT efforts [8, 9]. Don’t be 
surprised with them. As long as they give attention, either rejecting or supporting attitudes, it will be a 
good entrance to involve them in the design process. Every time they give a question, welcome it by 
using floating answers for encouraging more information. However, don’t be too rusty as they will 
step back from the conversations. Accept all answers. For every answer, put it directly into a design 
thinking map. It will be helpful to understand people’s real problems. Correlation between each 
answer to the others must be drawn clearly to give the overview of logical thinking [7-9]. At a certain 
point, engineers can start to reply a materials-related question with another question to gather 
information on what kind of materials they commonly used for similar purposes. People will clearly 
answer it because they exactly know what they have already used in their routines. Then, direct them 
to give priority for each of those materials, and their reason behind each given priority. Encourage 
them to give reasons for all focuses with simple explanations. Good answers are ones which come up 
through such simple but logical considerations [8]. 

On economical focus, an amount of money they want to spend for buying each material option is a 
better answer than a rough prediction about their monthly income. General expenses to process each 
option by using local methods are ultimately required. Explanations about those processing methods 
are also needed to explore any opportunities in exploiting local capabilities. For certain purposes, 
tolerance on modern techniques are allowed as long as they can be done on site. Durability of each 
material option will also be helpful to predict the lifetime of an AT and then calculate such return on 
investment and further remaking expenses in conjunction with economical inputs. On social focus, 
strong attention on local rules about gathering natural resources is a must to avoid cross conflict with 
existing social values. In conjunction with technical focus, people must be encouraged to explain 
about the social prestige of each local method. It is about their perception: higher prestige means that 
there is a self-encouragement to build a technical construction by themselves. It can also increase their 
further desires to redevelop an AT based on future conditions. In conjunction with economical focus, 
questions must be guided to understand their fears about their economic condition as if an AT is 
implemented there. What will change as they expected and what must be avoided then. On 
environmental focus, local abilities in predicting reusability must be explored. In order to suppress 
expenses, local people commonly reuse as many materials in their daily life. It is very useful for same 
purpose in AT. Besides that, reusability means that less material will be used for several life-cycles, 
so total environmental impacts can be reduced in any basis. Emissions produced by each processing 
technique must be explored, along with any material and people movements using combustion-based 
engines such as motorcycles or pick-up cars. 

Based on full reasoning priorities, a physiology diagram (Table 1) can be made to map correlation 
between reasons in a same as well as different focuses for each required sub-construction. Physiology 
is use instead of morphology in order to provide complete package of reasons for each option. The 
diagram can be used as the main reference in designing AT. Each reason is an acceptance value of 
local people. A reason which has only a fixed value must be positioned as a main target specification. 
On the other side, reasons with ranged values are the secondary targets because they can be flexibly 
included in AT design without removing people expectancies on them. Logical explanations are 
drawn to clearly explain the influences of each reason to other ones. Logics can show possible 
changes and/or decision routes affected by different reasons embedded in each material option. 
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Table 1. Physiology diagram 
SC1 MO1.1   MO1.2   MO1.3   
 R1.1.1 L < V  R1.2.1 L < V < L  R1.3.1 V < L  
 R1.1.2 L < V < L  R1.2.2 L = V T1 R1.3.2 L < V  
SC2 MO2.1   MO2.2   MO2.3   
 R2.1.1 L = V T1 R2.2.1 V < L  R2.3.1 L < V < L  
 R2.1.2 V < L  R2.2.2 L < V < L  R2.3.2 V < L  
 R2.1.3 V < L  R2.2.3 L < V  R2.3.3 L = V T1 
SC3 MO3.1   MO3.2   MO3.3   
 R3.1.1 L < V  R3.2.1 L < V  R3.3.1 L = V T1 
 R3.1.2 V < L  R3.2.2 L < V  R3.3.2 L < V < L  

SC = Sub-Construction; MO = Material Option; R = Reason; T = Target; L = Limit; V = Value; / = logics 

4. Conclusion: A Soft Selection 
Based on the above explanations, materials selection for an AT can be stated as soft rather than hard 
selection. While hard selection attempts to do any calculations based on a set of given problems, soft 
one tends to start from locals and involve them in the process. As a means to do a comprehensive 
process, four focuses are proposed. Each economic, technical, social, and environmental focus being 
provided has its own considerations in materials selection, but they are correlated with each other.  

As a soft selection, local people are the central party in the materials selection process. All locally 
used materials, processing techniques, expenses, etc., must be explored to understand local logical 
thinking. Reason-based priorities are encouraged as if all considerations mattered in AT. Based on 
reasons, requirement priorities will come up along with the correlation between reasons in the design 
thinking map. The physiology diagram is used as the main reference in AT design process. By 
including four focuses simultaneously, designed AT will include all expectancies of local people, 
each with high value. It will provide a solution to solve real, local problems. It supports survivability 
based on real requirements. It will produce an appropriate technology instead of a cheap one. 
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