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Abstract

Objectives: This paper describes and examines a method and tool for assessing the reliability and robustness of the development and implementation process of new technology in SME. The paper demonstrates how to calculate the effectiveness of the process and its’ outcome based on the supplied information, resources, means and constraints used with in the process.

Prior work: According to Syamil, Doll &, Apigian (2004), the key to success in process management is to monitor how well the process is operating and, if necessary, intervene in a timely manner when it does not perform as planned. Therefore, a technique is needed, which guides managers and helps people who are involved in the process management to identify problems and to know what to do to maximize the chances of success.

Approach: The research uses a case study and includes questionnaire; interview; documentary analysis (project reports, meeting minutes, quality documentation); observation and informal conversation with operators, engineer and manager.

Results: The results of the case study demonstrate the effectiveness of the “reliability assessment tool” in providing a quantified assessment of the outcome at each stage of the technology management process. It encourages the use of a methodical and probing approach, which helps to validate the integrity of the process and helps to improve the understanding of the impact of key factors on the successful implementation of the process.

Implications: The reliability assessment method addresses SMEs’ need, as it provides structured approach to capture the “messiness” of technology adoption process and can be applied as a robustness assessment as well as a risk assessment tool enabling practitioners to test for various scenarios. This reduces uncertainties, improves the process success and as a result would increase the adoption of new technologies in SMEs. 

Value: It is important for the readers, both academic and practitioner, to understand the theory, applicability and usability of the proposed technology management tool and technique. It provides a structured quantified approach to monitor, control and identify critical areas and their impact on the process. The technique is relatively simple in terms of the process involved, and uses internal resources. These features make it potentially a very powerful tool for supporting SMEs’ firms to managing the process from Identification to Acquisition and Exploitation of technologies. 

Key Word(s):  Technology Management; Process; IDEF; Reliability; SME  
1.0 Introduction

Choosing and developing technologies embodied in operations and goods or services is an important issue influencing long-term prosperity for any business enterprise, especially manufacturing companies (McDermott et al, 1997). It is seen as a source of core competence for improving the reliability and attractiveness of company’s products and/or reducing its’ manufacturing cost. The impact of technology as a source of competitive advantage for manufacturing industries is widely accepted by practitioners, governments and academics. Review of literature indicates that, since 1980’s much of the effort in the area of technology management has been directed towards strategic issues (Drejer, 1997), i.e. how to integrate technology strategy with marketing and other corporate strategies. For example, Mitchell (1985) developed a simple matrix, linking strategic technology areas to business areas so that, an effective technology strategy can be developed. De Wet (1996) extended this approach and developed an expanded two-dimensional matrix, linking markets, products, processes and technologies, hence enabling market-focused technology planning. 

In technological races, manufacturing technology plays an important role in the ability of manufacturing enterprises to compete in international markets (De-Wet, 1996), because the firm could then provide key competitive factors including cost, delivery, speed and flexibility (Brown, 2001). Manufacturing technology is typically a production machine, an item of equipment, an innovative production method or facility, which is acquired through some form of explicit or implicit decision process. This usually means high capital investment, and possibly leaves the company overly dependent on pieces of extremely complex equipment. For example, in 1971, the failure to apply successfully carbon fibre technology to RB211 fan blades was one of the factors that contributed to the collapse of Rolls-Royce (Floyd, 1997). On the other hand manufacturing technology can form the essence of an organization’s core competences (Quinn and Hilmer, 1994). 

The process of acquiring manufacturing technology can be thought of as the identification, selection, transfer and implementation of technological solutions to deliver improved manufacturing capabilities, in order to, increase business performance. Durrani et al. (1998) provide a generic formalisation of the process from the stage of establishing market-place requirements, through to forming the technology acquisition decision and similar structures are provided by Anderson et al. (1997), Chiesa and Manzini (1998) and Floyd (1997). Other authors are less generic and prefer instead to pay attention to the acquisition of a specific technology type, such as Luong (1998), who has concentrated on computer-integrated technologies.
There are different beliefs about the point at which the technology acquisition process should begin. A common view is that acquisition is driven from strategy (Chiesa and Manzini, 1998; Gerwin and Kolodny, 1992 and Goodman and Lawless, 1994), while others argue that a project may also commence through awareness of emerging technology capabilities (Howells, 1997 and Petroni, 1985). A second contention arises around where a process should end. Most consider the final stage to be generally concerned with the decision to introduce the technology into the host organization. However, authors such as Farrukh et al. (2000), Frohlich (1998) and Gregory et al. (1996) see the final stages to include activities such as technology introduction, protection and control. This correlates with the work of Chatterji (1996) and, Ranft and Lord (2002), who view this process as finding, acquiring and internalizing technical knowledge.

Also, the structure of the overall process, the depth and breadth of analysis at each stage of the process have been viewed differently. At one level, researchers like Gregory et al. (1996) deal with an overarching technology management framework, and so only treat acquisition as a sub-process. At a much lower level, many authors, such as Baines et al. (1999), Phaal et al. (2003) and Punniyamoorthy and Ragavan (2003), who deal entirely and in depth with individual topics such as technology road mapping, technology sourcing and technology selection. However, effective implementation of a technology strategy requires management of the associated processes at the operational level; “A strategy is only of value if mechanisms for its implementation and renewal are in place” (Gregory, 1995). However, managing the process is a difficult (Brown, 2001) due to three sub-dimensions of technology uncertainty (Stock, and Tatikonda, 2004): technology novelty, technology complexity and technology tacitness. Technology novelty refers to the degree of prior experience with the technology and the degree of change in the technology relative to prior technologies. Technology complexity includes the level of interdependence between components in the technology, level of interdependence between the technology and elements external to it, and the scope of the technology. The tacitness of the technology refers to the tacitness of the knowledge embodied by the technology, and includes the degree to which the technology is physically embodied, codified, and complete.

Over the years, numerous technology management tools, procedures, models and techniques have been developed to facilitate decision making to assist managers in evaluating many factors that need to be considered to produce a soundly based plans of action (Brady et al., 1997). Typical examples of such tools and techniques are technology strategy formulation processes (Stacey and Ashton, 1990), technology road-mapping methodologies (Phaal et al., 2000), R&D project selection techniques (Phaal et al., 2000 and Neely, 1998) and new product introduction processes (Cooper, 2001 and Gardiner et al., 1998). Since those tools and techniques are usually carried out on a strategic level they, therefore, have limited inherent diagnostic value for identifying what is wrong with an on-going process. According to Syamil, Doll & Apigian (2004), the key to success in process management is to monitor how well the process is operating and, if necessary, intervene in a timely manner when it does not perform as planned. Therefore, a technique is needed, which will guide managers and helps people who are involved in the process management to identify problems and to know what to do to maximize the chances of success.

To this end, this paper describes a “reliability assessment tool” that extends the IDEF0 modeling method to provide a structured approach to managing technology adoption process. To illustrate and validate the application of the proposed technique, it is applied to a case study that represents technology management activities incorporating incomplete, fuzzy and uncertain inputs and controls.

2.0 Technology management process

2.1 Definition of Technology 

Technology is a combination of technical expertise (technos) and knowledge bases (logos) (Pérez-Bustamante, 1999) and in the field of management, the term “technology” has been used in various senses. Traditional definitions of technology have focused on the physical characteristics of technology, and have been used extensively to describe the production process (Woodward, 1965) and other business activities. In some cases, restrictive definitions have been established i.e., “technology is applied science”, which conceive technology as a body of scientific and technical knowledge that is needed to innovate ((Betz, 1993); (Friar and Horwitch, 1986)). According to this view, technology lies between scientific knowledge and the productive activities derived from it. Thus, the function of technology is limited exclusively to the improvement and/or creation of new processes, products and services (Nieto, 2004). However today, there is a tendency to establish broad definitions of technology, equating it with the specific way in which a task is carried out in a given organization (Gaynor, 1996), e.g. a chemical process, which produces a specific product. In this case it is difficult to separate the product from the technology. In more general terms, technology can mean a manufacturing process such as continuous plastic moulding. Here, the technology could be separated from the product. The cash management account is another example, where new data processing technology is clearly separable from the product. 

2.2 Technology management process framework 

Gregory (1995) has proposed that management of technology is comprised of five generic processes:

1. Identification of technologies, which are (or may be) of importance to the business. 

2. Selection of technologies that should be supported by the organisation. 

3. Acquisition and assimilation of selected technologies. 

4. Exploitation of technologies to generate profit, or other benefits. 

5. Protection of knowledge and expertise embedded in products and manufacturing systems 

Skilbeck and Cruickshank (1997) have extended Gregory’s five-process model, linking the framework to business activities within a system context, and have identified three levels within the organisation where technology management process is applied:

1. Corporate level (network view): how to manage technology across a diverse range of businesses. 

2. Business level (external view): how to gain competitive advantage through technology. 

3. Operational level (internal view): how to optimise internal processes to manage technology effectively. 
The five technology management processes, which generally comprise of different activity types, in different parts, and at various levels within the organisation, are typically embedded in other business processes (such as new product development projects). Thus, in order to bridge the gap between the existing business processes and the five-process model, it is necessary to identify the technology management activities by means of devices. According to McDermott et al. (1997), this can be achieved by a time-based charting exercise, where significant events and subsequent activities are identified and categorised in terms of the five generic technology management processes. 

2.3 Uncertainties within Technology management  

Technology uncertainty is the difference between the knowledge the recipient firm needs to acquire and implement the technology of interest, and the level of knowledge the recipient actually possesses (Stock and Tatikonda, 2004). This corresponds with the general theory construct of task uncertainty and, therefore, task uncertainty is “the difference between the amount of information required to perform the task and the amount of information already possessed by the organization” (Galbraith, 1977). Besides the quantity of information that must be processed, the quality (or richness) of the information is important (Daft and Lengel, 1986). This means, the task is completed below performance standards, when the organization does not have enough and quality information to accomplish the task.

3.0 RELIABILITY ASSESSMENT METHOD

The “reliability assessment method” is briefly described in the following section, and for further information, refer to Rashid and Ismail (2007).

3.1 IDEF0 Modelling 

A process model is generally composed of states, activities (tasks or functions) and flows (relations or transitions). In this research, IDEF0 was selected as the process modelling method because of its’ ability to describe a process using a hierarchical approach as shown in figure 1. This feature allows the generation of many levels of detail down to the level required for analysis. At the top level of the IDEF0 model is the most general description of the system, which is decomposed into a number of sub-activities and in turn, can be further decomposed exposing detailed information about the process along the decomposition path. 

Activity boxes represent the process activities and each activity box receives “inputs” which is transformed into “outputs” by applying the “tools” or “ mechanisms” and constrained or guided by “controls”. 
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Figure 1 IDEF0 task structure

Rashid and Ismail (2007) assigned the context of the activity characteristics in product development process as: 

a. Input represents information or objects that describe the state of the product which are    added to or transformed by the activity. For example, ideas, proposals, specifications, concept sketches, detailed drawings, models, prototypes and launched products .The input    may also include material data, performance data and manufacturing process data.

b Controls describe the objectives, instructions, conditions, circumstances, influences ,    information and monitoring factors that govern the activity and show why, when, to what     standards, etc. the activity is to be executed. Every activity will have at least one control.

c. Tools are the people, skills, facilities, equipment and materials that are necessary to carry out 

    the activity. The characteristics relate to the identification, availability, quality and    management of these resources. 

d. Outputs are the consequences of the activity and the output of one activity will often form part of the input to subsequent activities. The view is taken that high quality output will result when the other characteristics, on which the output is dependent, are such as to promote effective execution of the activity (Muller and Fairlie-Clarke, 2003).

3.2 Assessment and Reliability Matrix 

In practice there are often uncertainties in the management of technology as the process usually contains assumptions or/and incomplete, inaccurate, unavailable or partially missing information, data and resources about its’ components. In the absence of certainty, confidence can be increased in the process by knowing where the uncertainties are coming from, how extensive that uncertainty is, and what the potential consequences of the uncertainties are (Bing, 1999). The “assessment and reliability matrix” is aimed at overcoming this situation and quantifying the uncertainty by assessing the reliability of the process at any specific stage. 

The “assessment and reliability matrix”, shown in figure 2, is a management tool, which provides a quantifiable way of measuring the process reliability, robustness and the quality of the activities that the company needs to guide its efforts to achieve high-quality output from the technology management process.

Figure 2 Reliability Assessment Matrix
Source: Rashid & Ismail (2007)

"Generic tool for measuring the reliability of product development processes”,

Journal of Modelling in Management Vol.2 No.1, pp.75

The approach is based on sequentially assessing the quality and reliability of the output of each activity box based on the quality of the tools used in this activity, the quality of inputs to the activity and the quality of the controls used to manage the application of the tools.  To represent this multidimensional factor, the approach uses three impact matrices as shown in figure 2.  

The first is a “control-tool impact” matrix representing the impact of each control on each tool and when combined with the control quality produces a normalised  “control-tool effectiveness” measure for each tool.

Where 

T1, 2,3,k
represents tools 1 to k
TQj

quality of tool j  

C1,2,3,..n
control number

CiQ,

quality of control i

CiITj 
impact of control i on the tool j
The Control Tool Effectiveness for tool j is (CTEj) and is calculated and normalised as follows:
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The second is an “input-tool impact” matrix, which represents the input requirements and impact for each tool.  Combined with the input quality or availability the second matrix produces a normalised “input-tool effectiveness” for each tool.  

Where


T1, 2,3,k
represent tools 1 to k.

I1,2,..r 
inputs number from 1 to r
IiQ, 

quality of input i
I iITj  
impact of input i on tool j
The Input Tool Effectiveness for tool j is (ITEj) and is calculated and normalised as follows:
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	...Equation 2 


The third matrix is a tool-output impact matrix that identifies to what extent each tool contributes to each output.  When this matrix is combined with the tool quality, control-tool effectiveness and input-tool effectiveness, the result is a normalised measure of the output quality. 

Where 

OmQ

is the output quality and m denotes output 1,2, 3, ….m
TF1..k
the transformation function for tools 1 to k
OTIkm
is the impact of tool k on m output

The output quality for output m is, therefore, calculated and normalized as follows:
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    Where 
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3.3 Qualitative and quantitative assessments

A five level qualitative scale is used to represent the quality of the inputs, controls and tools.  These are “low” (L), “below average” (BA), “average” (A), “above average” (AA) and “high” (H).  A similar scale is used to describe the relationships in the impact matrices with an additional level of “highly critical” (HC). A HC score, for example, indicates that the impact of an input on the tool is highly significant and that the input must be available for the tool to function.

To obtain quantitative measures for the activity outputs, the qualitative assessments described above are transformed to quantitative values selecting from a number of scales dependent on the type of input, tool or control and the type of application the approach is used for. Two scales could be used; the first is a linear scale, for example, to represent physical types of resources.  The second is an offset linear scale, for example, to represent a minimum threshold of requirements before an input is considered available or low (L).

4.0 CASE STUDY

4.1 The company, the technology and the project

The company is SME and it is a supplier of a high print quality mugs, using sublimation process that incorporates conventional oven technology. The company partner has a 30% market share for providing sublimated mugs for football clubs such as Arsenal, Chelsea and Liverpool. This market is highly seasonal and the company is under pressure to respond quicker to customers during peak times. The company has recognised the need for a new manufacturing facility that would enable the company to operate more effectively, increase productivity and support the demand for flexibility and variety.  Such facility will also, enable the company to operate for small batch customisable products that could be ordered through the internet, thus targeting corporations, small businesses and eventually individuals. Hence, it has embarked on the development and implementation of new sublimation process line that incorporates state of the art technology and fitted with new technological features for monitoring and controlling the process.  This would provide a reduction in the cycle time, greater flexibility, accurate process monitor and control for high product quality, improved yield and efficiency, and reduced operating costs.

4.2 Data collection

Communication was established and maintained with the company mainly through the KTP (Knowledge Transfer Partnership) project manager and the company process engineer. Details and information were supplied at various meetings that took place at the manufacturing site and off-site. They included existing process facility, such as operating procedure, quality standards, flow of product and details of the sublimation process technology. Further information was also supplied on the proposed implementation of the new technology and included KTP proposal, project plan, technical data, investigation results, etc. This enabled the authors to map-out the process of the “implementation of the new technology” using extended-IDEF0. It was submitted to the project manager and the process engineer for verification, and was amended to incorporate feedback from the respondents.

The quality of inputs and controls, together with their degree of impact on each tool were collected using the returned completed questionnaire, from the project manager and the process engineer. Further discussion and meetings with both respondents were conducted to assess the actual output quality and drill for problem areas, success and failure at each activity, stage and process, adopting data triangulation (Bell, 1996).

4.3 Using the Reliability Assessment Method

The reliability assessment method was applied to a longitudinal and in retrospective case study that incorporates technology management process, which was mapped out using IDEF0 depict in figure 3. This process was decomposed into five activities, namely; “Analysis of sublimation process” (A1), “Develop requirement specifications” (A2), “Comparatives studies on alternative methods” (A3), “Building, testing and trial runs (Experimental model)” (A4) and “Install & commission the new manufacturing process.”(A5). Activity “A1” analyses and investigates present technology and the characteristics of the polymer coating of the newly supplied mugs, in order to identify the appropriate characteristics that produce high quality image on the mug. 
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Figure 3 IDEF0 Modeling

Introduce new optimised sublimation process

This assists “A2” to identify new available technologies that would satisfy the sublimation process. Activity “A3” relates to the selection of best available technology that would satisfy the requirement specification, technically and commercially. Activity “A4” represents acquiring the technology and assimilates the process in-house using experimental model. Activity “A5” installs and commissions the new process at the manufacturing site to exploit the new adopted technology and to reap the benefits.  
4.4 Process assessment 

The qualitative and quantitative assessment involve transforming the IDEF0 representation of the process shown in figure 3 to a representation in which the relationship between the various inputs, tools, controls and outputs are identified in more detail and quantified as shown in table 1.  The transition from qualitative assessment to quantitative assessment is carried out through assigning a value to each of the qualitative assessments of inputs, controls, tools, outputs and impact factors, as described in the above section “qualitative and quantitative assessments”.  

A linear scale was used where “Low” (L) is 0.2, “Below average” (BA) is 0.4, “Average” (A) is 0.6, “Above Average” (AA) is 0.8 and “High” (H) is 1.0. In table 1 the quality or reliability of the output from each activity is derived by sequentially applying the equations “1”, “2”,”3” and “4” given in the above section “assessment and reliability matrix” describing the “control-tool effectiveness”; “input-tool effectiveness”; “Transformation Function” and “output quality”.

4.5 Results assessments and managerial implications

The reliability assessment tool was applied to activity “A1” in longitudinal state, and in retrospective to the other activities of the technology management process. This is to examine and demonstrate the applicability of the tool in two different states.

The output quality for each activity is shown in table 1, and the results reveal low quality level in multi tools, controls and inputs. The outputs quality of the first activity “A1” were “0.57” and “0.51” and subsequent analysis of the activity revealed problems encountered due to unsatisfactory quality records and limited data sheets on the polymer coating of the mugs. 

Table 1 Quantitative assessment of “Introduce new optimised sublimation process”
	  
	Quality

	Tools

	
	
	Capacity planning
	Technical data sheets
	Data analysis
	Present oven details
	Experiment document
	Data of processed items /product
	Suppliers
	Investigation results
	Process Engineering
	Sourcing capabilities
	Selection & short listing technique
	Costing
	Sales forecast / database
	Works study
	Investment appraisal / justification
	Capital equipment procurement
	Equipment operation & Control
	Sourcing Marshal to develop model

	Analysis of sublimation process
	Tool Quality
	
	0.7
	0.7
	0.5
	1
	0.7
	1
	0.7
	0.5
	1
	1
	1
	1
	0.7
	0.7
	1
	1
	0.7
	1

	
	Control
	

	
	Quality records
	0.3
	 
	0.1
	0.5
	0.7
	0.7
	 
	0.1
	0.7
	1
	
	
	
	
	
	
	
	
	

	
	Product specifications
	0.5
	 
	1
	0.3
	1
	0.5
	0.3
	0.7
	 
	 
	
	
	
	
	
	
	
	
	

	
	Operating procedure 
	0.7
	 
	0.1
	0.1
	0.7
	0.5
	0.1
	0.1
	 
	1
	
	
	
	
	
	
	
	
	

	
	Site & layout
	1
	0.5
	 
	 
	 
	 
	 
	 
	 
	1
	
	
	
	
	
	
	
	
	

	
	International standards
	1
	 
	1
	0.1
	0.3
	0.1
	0.1
	1
	 
	1
	
	
	
	
	
	
	
	
	

	
	Input
	

	
	Existing sublimation process
	0.7
	1
	1
	0.1
	1
	1
	0.5
	1
	0.5
	1
	
	
	
	
	
	
	
	
	

	
	Output
	

	
	Process parameters
	0.57
	0.3
	0.5
	 
	0.5
	0.7
	0.7
	0.1
	0.3
	1
	 
	 
	 
	 
	 
	 
	
	
	

	
	Assessment of oven dimension, material, process.
	0.51
	 
	0.5
	 
	1
	0.7
	 
	1
	1
	1
	
	
	
	
	
	
	
	
	

	Develop requirement specification
	Control
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Customer database
	1
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	0.7
	
	
	

	
	International standards
	1
	 
	 
	 
	 
	 
	 
	 
	 
	1
	0.5
	 
	 
	 
	 
	0.7
	
	
	

	
	Process parameters
	0.57
	0.3
	 
	 
	 
	 
	 
	 
	 
	1
	 
	0.1
	0.3
	 
	0.7
	0.7
	
	
	

	
	Assessment :oven, dim.
	0.51
	 
	 
	 
	 
	 
	 
	 
	 
	1
	0.5
	0.3
	 
	 
	 
	0.7
	
	
	

	
	Input
	

	
	Existing sublim.  process
	0.7
	1
	 
	 
	 
	 
	 
	 
	 
	1
	0.3
	0.3
	0.7
	 
	0.3
	0.3
	
	
	

	
	Sales figure
	0.5
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.3
	1
	 
	1
	
	
	

	
	Output
	

	
	Requirement specification
	0.59
	0.3
	 
	 
	 
	 
	 
	 
	 
	0.7
	0.5
	0.3
	0.1
	0.5
	0.5
	 
	
	
	

	
	Alternative methods
	0.60
	0.3
	 
	 
	 
	 
	 
	 
	 
	1
	0.7
	1
	0.7
	0.5
	0.7
	0.3
	
	
	

	Comparatives studies on alternative methods
	Control
	

	
	Requirement specification
	0.59
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.3
	0.3
	 
	 

	
	Optimised Process parameters
	0.57
	 
	 
	 
	 
	 
	0.5
	 
	 
	0.7
	 
	 
	 
	 
	 
	0.1
	0.1
	 
	 

	
	Cycle Time: Clamping, sublimation, Unclamping
	1
	 
	 
	 
	 
	 
	0.7
	 
	 
	0.7
	 
	 
	0.7
	 
	0.7
	0.5
	0.7
	 
	 

	
	Input
	

	
	List of alternative methods
	0.6
	 
	 
	 
	 
	 
	0.7
	 
	 
	0.1
	 
	 
	1
	 
	0.3
	0.7
	0.5
	 
	 

	
	Output
	

	
	Method specification
	0.67
	 
	 
	 
	 
	 
	0.7
	 
	 
	0.7
	 
	 
	0.1
	 
	0.3
	0.7
	0.3
	 
	 

	
	Equipment sourcing
	0.69
	 
	 
	 
	 
	 
	0.7
	 
	 
	0.7
	 
	 
	0.1
	 
	0.1
	1
	0.7
	 
	 

	Building testing (experimental)
	Control
	

	
	Method specifications
	0.67
	 
	 
	 
	 
	 
	 
	 
	0.1
	0.3
	 
	 
	 
	 
	 
	 
	0.3
	 
	 

	
	Requirement specification
	0.59
	 
	 
	 
	 
	 
	 
	 
	0.1
	0.3
	 
	 
	 
	 
	 
	 
	0.7
	 
	 

	
	Process parameters
	0.57
	 
	 
	 
	 
	 
	 
	 
	0.1
	0.1
	 
	 
	 
	 
	 
	 
	0.1
	 
	 

	
	Input
	

	
	Equipment sourcing
	0.69
	 
	 
	 
	 
	 
	 
	 
	0.1
	0.1
	 
	 
	 
	 
	 
	 
	0.5
	 
	 

	
	Output
	

	
	Equipment specification
	0.48
	 
	 
	 
	 
	 
	 
	 
	0.7
	0.5
	 
	 
	 
	 
	 
	 
	0.1
	 
	 

	
	Process specifications
	0.50
	 
	 
	 
	 
	 
	 
	 
	0.7
	0.7
	 
	 
	 
	 
	 
	 
	0.1
	 
	 

	
	Operating window
	0.50
	 
	 
	 
	 
	 
	 
	 
	0.7
	0.7
	 
	 
	 
	 
	 
	 
	0.1
	 
	 

	
	Working proto-type
	0.50
	 
	 
	 
	 
	 
	 
	 
	1
	0.7
	 
	 
	 
	 
	 
	 
	0.5
	 
	 

	Install, commission `process
	Control
	

	
	Requirement specification
	0.59
	 
	 
	 
	 
	 
	 
	1
	 
	0.5
	 
	 
	 
	 
	 
	 
	 
	1
	1

	
	Process parameters
	0.57
	 
	 
	 
	 
	 
	 
	0.5
	 
	0.7
	 
	 
	 
	 
	 
	 
	 
	0.5
	1

	
	Method specification
	0.67
	 
	 
	 
	 
	 
	 
	0.5
	 
	0.5
	 
	 
	 
	 
	 
	 
	 
	0.3
	0.7

	
	Equipment specifications
	0.48
	 
	 
	 
	 
	 
	 
	1
	 
	0.5
	 
	 
	 
	 
	 
	 
	 
	1
	0.7

	
	Operating window
	0.50
	 
	 
	 
	 
	 
	 
	0.5
	 
	0.7
	 
	 
	 
	 
	 
	 
	 
	1
	0.3

	
	Process specifications
	0.50
	 
	 
	 
	 
	 
	 
	0.5
	 
	0.7
	 
	 
	 
	 
	 
	 
	 
	1
	0.7

	
	Input
	

	
	Working proto-type
	0.50
	 
	 
	 
	 
	 
	 
	 
	0.5
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 

	
	Process specifications
	0.69
	 
	 
	 
	 
	 
	0.7
	 
	0.3
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.7
	 

	
	Output
	

	
	Maintenance manual
	0.56
	 
	 
	 
	 
	 
	 
	0.3
	 
	0.5
	 
	 
	 
	 
	 
	 
	 
	0.1
	1

	
	  Approved & design, drawings
	0.55
	 
	 
	 
	 
	 
	 
	0.5
	 
	0.3
	 
	 
	 
	 
	 
	 
	 
	0.1
	1

	
	Operating Instructions
	0.56
	 
	 
	 
	 
	 
	 
	0.3
	 
	0.5
	 
	 
	 
	 
	 
	 
	 
	0.1
	1

	
	New sublimation process 
	0.49
	 
	 
	 
	 
	 
	 
	1
	 
	0.71
	 
	 
	 
	 
	 
	 
	 
	1
	1


The “reliability assessment matrix” has identified various factors for effective and efficient improvement of the process outcome, however the company addressed one key factor i.e. the  “investigation results” tool. It has a low quality value, direct impact on the outputs quality and could be improved using in-house resources and skills. Hence, the company carried out intensive experimental work and data analysis on the polymer coating, however the output quality of subsequent activities “A2”, “A3”, “A4” and “A5”, were not as anticipated. A further analysis of the process through meetings with the project manager and the engineer, revealed problems encountered with the proto-type, process variables and parameters, e.g. temperature control, consistency and stability of the conveyer speed range and control. Further meetings with the relevant personnel revealed that, technology fussiness was the main cause of those problems, which were resolved satisfactory at a later stage.  Discussion and analysis revealed that the problems were attributable to the outputs of activity 4(A4). These are “Equipment specification”, “Process specifications”, “Operating window” and “Working proto-type”. Based on the quality of the attributes supplied at the initial stage of the project, the “reliability assessment matrix”, has clearly identified this aforementioned problem areas by revealing the quality level of “0.5” for the four outputs. Again the assessment identified the tool “investigation results “ as a key factor for improving the output quality of activity “A4”.  To assess the impact of this using the “reliability assessment matrix”, the quality of the tool “investigation results” was changed from “A” to “H” whilst keeping the quality of other elements unchanged. As a result, the quantitative output quality of activity 4 (A4) improved from “0.5” to “0.66”.

Several issues arise from the application of this methodology that impact on its capability as a tool for managing and improving technology management processes in general.

Validating tool

While, on the face of it, the activities appeared a valid representation of the technology management process and are consistence with the generic process proposed by Gregory (1995), a closer inspection through applying the technique, identified redundant and missing links and a degree of ambiguity in terms of which tool and input required and the role controls played.  It was clear that the company did not recognise these anomalies and were confident in the existing process model. The technique in this case acted as a cross referencing matrix for validating the IDEF0 model shown in figure 3. This can be compared with the time-based charting exercise as discussed by McDermott et al. (1997). In both cases, activities and attributes are identified and described in relation to the generic technology management processes. 

Process improvement

Frequent evaluation of the process model at selected stages of the project life was carried out using current data to assess whether the quality of the outputs are achievable or not. In a few situations, remedial actions were identified and implemented.  This avoided the ad hoc approach to process improvement when the number of factors to consider was too many to understand fully their interdependency, as proposed by Doll &, Apigian (2004).

Output quality 

The level of the output quality is determined by the quality of inputs, control mechanisms and tools. Their quality level is based on the amount and quality of information, knowledge and resources available and processed to produce the output.  This is consistence with Galbraith (1977) definitions’ of task uncertainty, and supports the emphasis of Daft and Lengel (1986) on the importance of the quality of information (or richness). 

Also the finding shows, the approach adopts a holistic view and arguably call for managerial attention of the interrelationships between the attributes at each activity during the process. This approach incorporates and supports the three sub-dimensions of technology uncertainty as described by Stock, and Tatikonda (2004) 

4.6 Implications for policy/SMEs 

SMEs are seen to be central to wealth creation (Oke et al., 2007), but have a particular difficulty in accessing and applying many of technology management tools and techniques (Maine et all, 2005).  There are some particular characteristics of SMEs, including a narrow focus on very specific technologies, a limited infrastructure, and concentration of knowledge in the heads of a few key individuals, which make the application of technology management tools and techniques a challenge. The reliability assessment method addresses such firms’ need, and allows for utilisation of these characteristics and resource limitations.

For many owners and managers of SMEs, technology adoption is located in a “sea of chaos” (Larichev, 1992), and it is clear from this case study and earlier studies (Langley and Truax, 1994), that technology adoption involves a complex process requiring numerous decisions. The reliability assessment tool provides a structured approach to capture the “messiness” of any technology adoption process and can be applied as a robustness assessment as well as a risk assessment tool enabling practitioners to test for various scenarios. This reduces technological uncertainties, improves the process success and as a result would increase the adoption of new technologies in SMEs. 

In addition, the reliability assessment tool takes into account task requirements, the resources available, personal judgment and weighting of variables, which are company and situation specific. Hence, the use of the tool does not require outside expertise to administer or interpret as it gets everyone involved e.g., people on shop-floor, engineers, suppliers, customers, managers, etc., in the assessment process and in the identification of problem areas and remedial actions through a formal or informal manner. This level of involvement and participation is critical to the success of new technology that is aimed at improving the overall competitiveness of the SMEs, the survival and growth of the company.  

5.0 Conclusions
The reliability assessment tool can be used to monitor and control the technology management process. It assesses the robustness and sensitivity of the process to changes in the quality of the activities components’ and helps to identify problem areas whilst maximising effort effectiveness.  

The technique is relatively simple in terms of the process involved, and does not require outside expertise to administer or interpret, and uses internal resources. These features make it potentially a very powerful tool for supporting SME firm to managing the process from identification to acquisition and exploitation of technologies. 

6.0 Limitation and further work

The proposed technique does not handle merged and split input and output streams. This is not disadvantage as this is often, a source of confusion within IDEF0 diagram and can result in errors. Also, the selection of the impact values is currently based on a subjective assessment provided by system experts. However, more detailed analysis can be carried out if historical data exists where by a case-based reasoning or data mining technique could be used to derive the impact values.

Furthermore, the proposed technique is relatively simple in terms of the process involved, however, as the number of factors and processes increase the effort to calculate and apply the assessment matrices increase rapidly. A prototype program is currently under development, which guides the user through the definition of the process and interdependencies of the sub-activities inputs, controls, tools and outputs.

It is recognised that, the translation from qualitative to quantitative assessment is application specific and also dependent on the type of input, control or tool addresses. In The above case study, a linear scale was uniformly applied where the lowest level (L) was represented by 0.2 and linearly increased to a high level (H) of 1.0. Other transformations are possible and the analysis of the impact of various transformation profiles is part of future research in this area.
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