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Abstract

UK businesses do not realize as many benefits from the use of ICT compared to businesses in other countries (DTI, 2004). One of the main inhibitors for SMEs is the lack of skills to use and manage ICT (European Commission, 2002). The study reported in this paper contributes to the understanding of the management of ICT by SMEs in the manufacturing sector and its optimization to achieve business objectives particularly the development of new products. Existing literature suggests that there are two holistic approaches to technology management: national policy oriented approach (Ulrich (1970), Bleicher (1992) and Tshirky et al (2000)) and business performance oriented approach. Using the latter approach, the paper builds on Phaal et al’s (2004) technology management framework, which is an extension of Gregory (1995) model of five-process technology management activities and Skilbeck and Cruickshank (1997) systems approach to Gregory’s framework. Technology roadmapping is used to visualise the relationships between processes and information flow (Groenveld 1997, EIRMA 1997, Kostoff 2001). The paper extends Phaal et al’s base technology system to consist of three sub-systems (data, network and skills) and separates the management activities (ISAEP) to correspond to two knowledge levels of technological and business process expertise. The study adopts the deductive approach and survey strategy using questionnaires. The population consists of manufacturing SMEs in the North East of England that are classified under selected SIC’s and are engaged in e-business. Purposive sampling technique is used because of the hidden population (Bryman and Bell (2003)). 60 respondents to a questionnaire (35.6% response rate) provide data used in statistical analysis and tests. A concept of technology typology is introduced as a common denominator and applied in technology classification. Whilst the data analysis is ongoing, early results suggest a relationship between technology typology and new product development. The implications are: strategic management of ICT is possible through an understanding of the typology, a new approach to technology management research is proffered based on the micro-view of technology and a better focus of management training at the strategic level of the organization. The findings will culminate in the development of a performance-typology grid that acts as visual ICT management tool. The tool constitutes an answer to Dixon et al’s (2002, p4) question of how ICT is ‘impacting on SMEs across a range of size and sector groups’ and suggests a method of measuring ICT effectiveness.
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Introduction

The manufacturing sector has been described as the weakest link in the British economy for the last ten years (The Economic Review, Autumn 2003). The Small enterprises in the manufacturing sector contributed 18.2% of the total turnover (£2,200 billion
) by UK enterprises, the least contribution by any sector according to Standard Industrial Classification (SIC) 2003 (SBS, 2004). The CBI observed the manufacturing sector in UK is shrinking at a faster rate than in the other industrialised countries. In the last 20 years the sector’s contribution to UK work force has gone down from 7m jobs to 3.8m or 13% of the national work force. Between 1997 and 2003 the contribution to GDP fell from 21% to 17%, which is a faster rate of decline in comparison to Germany, France and the USA. To remain competitive and take advantage of the important economic opportunities offered by e-commerce and e-business, SMEs
 in the manufacturing sector like any other business group, have to keep abreast of technological developments in the application and management of Information and communication technologies (ICT). The link between effective use of ICT and productivity is incontestable (DTI 2004). In the digital economy
 the production, management and distribution of information have become a means to sustainable competitive advantage. ICT is fundamental to the production, management and distribution of information and the ability to harness the power of the new technology was rated as number one out of fifteen key steps necessary to achieve success in business today (HSBC, 2001). From the standpoint of businesses, their interest is not in the technology per se but more importantly, the benefits of ICT and the difference it makes to the bottom line (DTI, 2004). UK businesses do not realize as many benefits from the use of ICT compared to businesses in other countries (DTI, 2004). One of the main inhibitors for SMEs is the lack of skills to use and manage ICT (European Commission, 2002). The question is “how do SMEs manage ICT and what is the effect on new product development?”

The North East of England

The paper is a report of a study of SMEs that apply ICT to manufacturing in the North East region of England, which is an economically deprived area of the UK.  Although manufacturing in the UK is on the decline generally, the situation is most acute in the region and the sector is predicted to die out by 2029 if the current decline continued (Northern TUC, 2006). The most recent statistics indicate the North East had the highest percentage (92% to 74%) of firms in the manufacturing industry in the UK that were working under capacity between January and October 2002 (Regional Economic Indicators, 2003). It had the lowest GDP at basic prices (£10,024 per head) and the highest unemployment rate (4.7%) in the UK during the period. Using the North East of England as an example, the paper discusses the factors in the management of ICT that seem to have a significant effect on the engagement in the development and quantity of new products by SMEs in the manufacturing sector. 

Literature review

The paper adopts a holistic definition of manufacturing which includes all activities from the perception of a need for a product, through the conception, design and development of the product, production and support of the product in use (Veilleux, and Petro, 1988). The activities can be grouped into five functions: general business management, product and process definition, manufacturing planning and control, factory automation and information resource management (CASA/SME
 CIM Wheel). Information resource management integrates the functions of the groups through the application of data management. These activities exist in the case of automated and non-automated manufacturing environment. The report focuses on the management of ICT application relevant to information resource management.

As the name suggests, ICT encompasses all the technologies that facilitate the creation, processing, transfer and storage of information and communication (OECD, 1997, 1998, 2001 and 2002
). From the standpoint of businesses, their interest is not in the technology per se but more importantly, the benefits of ICT and the difference it makes to the bottom line (DTI, 2004). Inorder to focus the literature review on the benefits to SMEs, ICT will be considered in the light of user information needs and priorities, criteria used by OECD in the partial resolution of  ICT definition (OECD, 1997). Based on  Information Technology Infrastructure Library (ITIL
) publications, which are to ensure user satisfaction, the management of ICT can be divided into five main sections: ICT design and development, ICT application, ICT services, ICT systems and  ICT security. The report focuses on the management of ICT application. 

Existing literature suggests that there are two holistic approaches to technology management: national policy oriented approach (Ulrich (1970), Bleicher (1992) and Tshirky et al (2000)) and business performance oriented approach. 

Gregory (1995) develops a business performance oriented holistic technology management framework applicable to manufacturing and consisting of five processes: identification, selection, acquisition, exploitation and protection (ISAEP). Technology identification involves assessment of the technology needs, development of pre-selection criteria and managing the market information about relevant technologies. The selection activities include technology forecasting, benchmarking, selection process and improvement. The acquisition stage lays out the process of acquiring the selected technology, which can be through R&D, licensing, organisational change or project management. The business applies the technology to make profits at the exploitation stage. A technology protection strategy is established as the last stage and monitored for its effectiveness. Skilbeck and Cruickshank (1997) apply a systems approach to Gregory’s framework. The resulting framework links technology management activities to three organisational levels: corporate, business and operational levels. The corporate level activities involve technology management across the breadth of businesses. At the business level technology management is concerned with building a competitive edge through technology. Operational level activities aim at the effective management of technology as a result of an optimal application of internal processes. Phaal et al (2004) integrate Gregory’s and Skilbeck’s models into a holistic Technology management system which reflects EITM
 definition of technology management. The Framework incorporates three levels: technology base of firm (people, processes, facilities), business processes and world view. Technology base is core to the framework representing technological knowledge, competences and capabilities. The five technology management activities are located here. ISAEP are incorporated into the business processes and management levels. The market and technological aspects of the framework are linked by knowledge flows, which also link the strategy, innovation and operational processes. The context within which technology management takes place is relevant for an understanding of the management issues confronting the business. Technology roadmapping is used to visualise the relationships between processes and information flow (Groenveld 1997, EIRMA 1997, Kostoff 2001). 

Framework

The paper builds on Phaal et al’s (2004) technology management framework. The study extends Phaal et al’s base technology system to consist of three sub-systems (data, network and skills) and separates the management activities (ISAEP) to correspond to two knowledge levels of technological and business process expertise. The framework incorporates three systems: technology, business processes and world view (Fig. 1).  The technology system has three sub-systems: data, network and personnel and the business processes system can be represented by the value chain: suppliers, business process and customers. The world view contains elements of the political, economic, social, technological, and legal environments. Each system receives and outputs information and communication using “push-pull” mechanisms. At the conceptual layer, the technology system is represented by technology infrastructure, elements and skills. The business processes system is conceptually related to technology application typology while the world view is related to the effectiveness of technology application. Technology management activities (Gregory, 1995) are allocated to the technology and business processes systems in differentiation of the functional and application aspects of technology. Identification, selection and acquisition activities are mainly located in the base technology system, and the exploitation and protection activities are within the remit of technology application. The separation of the technology management activities into two areas is relevant in view of the emergence of technology service providers as strategic partnerships. The concept of the roadmap is applied in the explanation of the framework. 
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Technology roadmapping is used to illucidate and visualise the relationtionships between processes and information flow across the entire framework. It positions the processes in relation to each other, identifies the elements of each process and integrates business and technology (Groenveld 1997, EIRMA 1997, Kostoff 2001). The roadmap illustrates the “push” and “pull” mechanism (Muller 1999, Phaal et al, 2004) in the application of technology in four main business processes considered in the study: new product development process, customer oriented process, policy and planning process and the technology management process. The capability of technology to support each process is dependent on the technology typology: format, quality and quantity of the information, communication and skills requirements.

Technology typology

Digitization is the bedrock of ICT. The digital firm has been described as an “organisation where nearly all significant business processes
 and relationships with customers, suppliers, and employees are digitally enabled, and key corporate assets
 are managed through digital means”(Laudon and Laudon, 2004 p6). Such a firm stores, processes and transmits information in electronic format that use the binary digits 0 and 1. There are three formats of information: hard, soft and tacit. The formats are synonymous with the type of storage. 

Transferability is another feature of information that differentiates technology applications. Silverman (1999) categorise technological resources into physical (e.g. unique equipment) or patented innovations, and intangible such as operating routines. The specific application inherent in such resources may make them non-transferable and limit applicability. The sharing or communication of data between computers or organisations is driven by contractual requirements, availability of software or business relationships (Fowler, 1995). Different countries have developed standards for data exchange of which STEP is the most versatile. Interchangeability is reflected in the data application quality construct. 

A third attribute that can be used to isolate technologies is capability. Bharadwaj (2000) shows high IT capability firms tend to outperform the rest on a variety of profit and cost-based performance measures. The way IT is applied influences a firm’s overall effectiveness and creates unique IT resource and skills. Verona (1999) applied a resource-based-view in a study of the relationship between process efficiency (lead time and productivity) and product effectiveness (fit with market needs) to firm’s functional and integrative capabilities (activities undertaken by people). The study recognises technological capabilities as prime drivers of product development outcomes. Gant (1991) refers to capabilities as the firm’s ability to assemble resources and integrate them to work together. Hence capabilities are derivable from processes and routines, which form part of the technology quantity (capabilities) construct. Technology can therefore be classified according to the characteristics of format, quality (transferability) and quantity (capabilities). 

Methodology

The study adopts the philosophy of positivism and a deductive approach. It looks at “how” SMEs manage ICT and not “why”. A snap-shot of the activities is taken and analysed.
Industry sector

The study concentrates on SMEs in the manufacturing sector in the SIC classifications of 272 (manufacture of tubes), 28 (Fabricated metal products except machinery), 29 (Machinery and Equipment not elsewhere classified), 30 (Office machinery and computers), 31 (manufacture of electrical machinery and communication equipment and apparatus), 32 (manufacture of radio, television communication equipment and apparatus), 33 (manufacture of medical, precision and optical instruments and clocks), 34 (manufacturing of motor vehicles, trailers and semi-trailers), 35 (manufacture of other transport equipment) and 361 (manufacture of furniture). The classes of manufacturing were selected because they constitute a critical mass that does not exhibit any significant difference in the manufacturing terminology (Office of National Statistics, 2005; Collins and Cordon, 1997). This attribute ensures a universal interpretation and understanding of the questionnaire.

Sample

The population of SMEs in the North East of England that are in the manufacturing sector with the selected SIC classifications is about 2060
. Using the national average of SMEs engaged in e-business and trading online (Prime Minister's Strategy Unit, April 2005), a theoretically average number of SMEs in the North East of England in the selected SIC classifications and engaged in e-business can be put at about 620
. The proportion of the population which use ICT in manufacturing is unknown. The target population is an example of a hidden population. 

Hence the purposive sampling technique was therefore used to select the samples. Convenience samples are very common in the field of business and management. (Bryman and Bell (2003)).  First, a list of SMEs that operate within the selected SIC and resident in the North East of England was compiled using secondary data. 212 manufacturing SMEs belonged in the selected SIC are contacted in a preliminary survey of the cohort by telephone to determine which companies apply ICT in manufacturing and are engaged in e-commerce and/or e-business.172 companies qualified and gave their consent to participate in the survey. This group constituted the sample. The method has the advantage of providing samples that possess characteristics relevant to the research.  

Survey

172 questionnaires were sent by post, e-mail or fax to the organisations between March 2006 and June 2007, the means of delivery was determined by the respondent. The questionnaire was addressed to the person who was put forward as being knowledgeable and competent to answer the questions. The individuals were the managing director, director, administration manager or IT manager. Follow-up was by telephone and e-mail. A total of 61 completed questionnaires have been returned out of which one was not valid. This gives a response rate of 35.6%. Non-response bias is taken into consideration by observing the effect of late responders.
Questionnaire

The questionnaire was designed to solicit for information in the management areas of format, quality and quantity of ICT application in the period 2001 to 2005. The questionnaire was divided into the following seven sections to improve understanding and present a logical flow of the thought pattern: the company, data application, network application, security application, e-commerce and e-business, finance and personnel. A logical or rational approach is used in the pilot questionnaire which was administered to a sample of SMEs. This served as a trial for sets of questions and those questions that are similarly construed by most respondents are used in the final instrument.

Variables

The paper adopts an action-based approach to management, which describes management from the point of view of the activities carried out by those designated as managers in the organization (Stewart, 1987). In digital enterprise technologies (DET) firms managers employ integration technologies in the management of resources that have been released to manufacturing (Markopoulos, 2003). Maropoulus (2003) distinguishes five main technical areas of digital enterprise technology: design (distributed and collaborative), process (planning and modelling), production equipment and factory modelling, digital to physical environment converters (shop-floor activities), and enterprise integration. The engineering functions of DET include design, research and manufacturing. Research and product development involve testing and developing new materials and process technologies. The independent variables are derived from the functions that are  managed through DET. The variables are normative and categorical. The dependent variables are new product involvement, quantity and collaboration with another manufacturer or supplier. 

Analysis

Information provided by respondents to the questionnaire is coded into a data matrix (Kent, 2001) in SPSS, which is the source of data used in the analysis. Descriptive statistics of the variables are obtained. The dependent variable (quantity of new product) is controlled for parametric conformity first: normal distribution and homogeneity of variance. Summary statistics (frequencies, measures of central tendency), variability (range, std. deviation, and variance) and shape (kurtosis, skewness) are obtained. Mann-Whitney tests are carried out for non-parametric data and are used to determine how significant the deviation is from normality. A histogram is used as visual aid to identify normality and whether the distribution is one- or two-tailed. Factor analysis is used to reduce the number of independent variables. To examine how the independent variables interact with each other and the effect on dependent variable, an analysis of variance (ANOVA) is carried out for the two groups of IT users: core-IT-users and non-core-IT-users. Non-parametric tests of two independent groups are used to determine the difference in the means and establish the probability of the difference occurring by chance. f-statistics or f-ratio in combination with the t-statistics provide a comparison of the amount of systematic variance in the data to unsystematic variance and probability of that happening by chance. Logit Loglinear Regression Analysis is used to model the relationships between the variables.

Tests and results
Characteristics of sample

Seven SIC classes of manufacturing are represented by the sample. Prominent are metal fabrication (55%), machinery & equipment (13.3%), electrical machinery (11.6%) and medical, precision, and optical equipment manufacturing (10%). All are British firms, seven have parent/branch affiliation with other British organisations and two firms have affiliations with non-European organisations in China and USA.

60 manufacturing SMEs provided useful data for analysis. Number of employees per organisation ranged from 1 to 150 with an average of 41 employees and standard deviation of 38.8. The ages of the firms are equally diverse between 1 and 130 years. 63% of respondents are small enterprises (less than 50 employees) and 34% are medium-size enterprises (50-249 employees).

Participation in new product development varies between Small and Medium enterprises. 61% of Small enterprises and 82% of Medium-size firms are involved in new product development (Pearson Chi-Square Asymp. Sig. (2-sided) = 0.088). Out of 41 firms that are involved in new product development, 35 produced new products. 
Level of DET management

The frequency of the information that is managed in digital mode is presented inThe results can be separated into three categories: More than 80% of the firms have product related information in digital form, information relating to resource schedule follows with more than 63%, and staff diary is the least with 45% of the firms. This is not surprising because of staff privacy. (Appendix 1)

Supply chain related processes are the most likely to apply IT as indicated by 80% of the firms and above followed by enterprise integrating processes which are subscribed by 60% of the firms and above. Production and marketing processes seem to be even with about 50% of the enterprises using IT in the functions.  (Appendix 2)   

The number of firms that manage IT in manufacturing programmes seems to decrease with increasing complexity of the programme and particularly for marketing programme which is not core engineering (Appendix 3). Over 70% of the firms execute database management and engineering design programmes through the management of IT. The number decreases to 37% and 35% for product simulation and market research programmes respectively. 

New product quantity

Out of 41 firms that are involved in new product development, 34 actually developed products (one company returned zero quantity). The quantity of products ranges from 1 to 50 per firm. The distribution statistics of New Product Quantity show non-parametric characteristics (Fig. 2 and Fig. 3).

Fig. 2 New Product Quantity Statistics 

Fig. 3 New Product Histogram
	N
	Valid
	35

	 
	Missing
	25

	Mean
	6.63

	Median
	3.00

	Mode
	1

	Std. Deviation
	10.781

	Skewness
	3.394

	Std. Error of Skewness
	.398

	Kurtosis
	11.585

	Std. Error of Kurtosis
	.778
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Factor analysis

Fourteen variables show high KMO measures, which is an indication of a linear correlation between the variables. This is a pre-requisite for the application of factor analysis.  The statistic factor analysis identifies four underlying factors in data application management (Fig. 4). Factor 1 (FAC1) is made up of processes, which are associated with information quantity, Factor 2 (FAC2) relates to the format of the information and factor 3 (FAC3) are variables that are related to information quality.  The fourth factor (FAC4) relates to marketing, which is an exogenous variable. The factor level is 72% Eigenvalue (Appendix 4) which is the percentage of total variance explained by the factors. The percentage is middle range.

Fig. 4 Rotated component matrix with small coefficients suppressed


Rotated Component Matrix(a)

	 
	Component

	 
	1
	2
	3
	4

	Resource Scheduling
	.838
	 
	 
	 

	Resource Planning
	.828
	 
	 
	 

	Demand Forecasting
	.797
	 
	 
	 

	Quality control
	.723
	 
	 
	 

	Materials flow
	.704
	 
	 
	 

	Engineering Drawing
	 
	.852
	 
	 

	Specification
	 
	.830
	 
	 

	CAD use
	 
	.755
	 
	 

	q18edduo
	 
	.732
	 
	 

	Parts list
	 
	.613
	 
	 

	q18produo
	 
	 
	.857
	 

	q18simduo
	 
	 
	.843
	 

	q18mktduo
	 
	 
	 
	.849

	Prod/Markt tracking
	 
	 
	 
	.693


Extraction Method: Principal Component Analysis. 

 Rotation Method: Varimax with Kaiser Normalization.

a  Rotation converged in 5 iterations.

The communalities show the total percentage of the variance of each variable that is explained by the four factors. The figure for each variable is relatively high (0.45-0.866) indicating the variables belong together. The model has KMO measure of 79.5% (p=0.000), which can be described as meritorious goodness of fit. This is a confirmation of the linear relationship between the variables, which gives the go ahead with the factor analysis.  

New product involvement

Fig. 5 shows the result of a logistic regression analysis that uses new product involvement as the binary independent variable. The model consists of four independent variables FAC1, FAC2, FAC3 and FAC4 and a constant.
Fig. 5 Variables in the Equation

	
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)
	95.0% C.I.for EXP(B)

	 
	
	
	
	
	
	
	Lower
	Upper

	Step 1(a)
	FAC1_3
	-.080
	.323
	.061
	1
	.805
	.923
	.490
	1.740

	 
	FAC2_3
	.591
	.294
	4.046
	1
	.044
	1.806
	1.015
	3.212

	 
	FAC3_3
	.664
	.342
	3.777
	1
	.052
	1.943
	.994
	3.798

	 
	FAC4_3
	.939
	.381
	6.074
	1
	.014
	2.556
	1.212
	5.393

	 
	Constant
	-1.122
	.367
	9.353
	1
	.002
	.326
	 
	 


a  Variable(s) entered on step 1: FAC1_3, FAC2_3, FAC3_3, FAC4_3.

The first three variables are specific to manufacturing while the last variable is related to marketing. The logistic regression equation for predicting the probability of a firm being involved in new product development is: 

Prob (new product involvement) =  
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 EMBED Equation.3  [image: image4.wmf]  (Norušis, 2005a and b).
Applying the estimated parameters for the model in column B: 

Z = -1.12 - 0.08(FAC1) + 0.59(FAC2) + 0.66(FAC3) + 0.94(FAC4) 

For non-DET organization: FAC1 = 0, FAC2 = 0, FAC3 = 0, FAC4 = 0 

Prob (new product involvement) =  
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This means the predicted probability that a firm which does not apply DET will engage in new product development is 0.25. 

For DET organization FAC1 = 1, FAC2 = 1, FAC3 = 1, FAC4 = 1; z = 0.99,

In the case of DET organization (z = 0.99) the probability of new product involvement is 0.73

The Wald statistics test is used to see whether a particular coefficient is 0. Based on the statistics the coefficient for FAC2 and FAC4 seem to be significantly greater than 0 at 0.05 significance level (p=0.044 and p=0.014 respectively). The Wald statistics is not reliable because of the large coefficients (Norusis, 2005). A likelihood-ratio test is applied to substantiate the finding. The model obtained in a Backward LR of the variables (Appendix 5) shows the values of Change in -2Log Likelihood for FAC2 and FAC4 are significantly greater than 0 (p = 0.041 and p = 0.007) . This supports the results of Wald statistic that the coefficients for FAC2 and FAC4 are significantly greater than 0. FAC3 is included. FAC2, FAC3 and FAC4 are therefore the critical factors since their coefficients are significantly greater than 0.  

The Likelihood-Ratio test is used to test that all coefficients in the model are 0. The fitness of the model with the data is measured by the value –2LL, where LL is the log of Likelihood-Ratio. A good model has a high likelihood and consequently a small value of -2LL. A comparison of the values of -2LL for the full model with that of the model with the constant only shows no significant difference (p=0.006). This indicates a good fitness of the model with the data.

The fitness of the model as a tool for predicting the dependent variable is measured by Nagelkerke R
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 statistics (Norusis, 2005). Based on Nagelkerke R
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, 30.5% of the variation in the outcome variable is explained by the logistic regression model. The values of R
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 obtained for logistic regression model are difficult to interpret, typically smaller than those for linear regression model and should be used with care.
New product quantity

The analysis in respect of new product quantity follows the same pattern as that of product involvement.  

Casewise diagnostics identified two outliers (standard residual > 0) in the data for new product quantity, which were removed from the sample and a new dataset was created. To determine the difference the outliers made to the regression equation, regression analyses were carried out with and without outliers (Wiggins, 2000). There were no changes in beta weights indicating no effect.  The regression analysis was carried out with variables entered/removed in a backward pass and the resulting models show ANOVA F-test (H0: population value for multiple R is 0) to be true for all the models except model 4.  Using the estimated coefficients (column B) in Fig. 6, the model can be represented with the equation: 


New product quantity = 5.7 - 4(FAC3) 

Fig. 6 New product quantity Factor coefficients 

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	B
	Std. Error

	4
	(Constant)
	5.743
	1.765
	 
	3.253
	.003

	 
	REGR factor score   3 for analysis 3
	-3.955
	1.749
	-.366
	-2.261
	.030


a  Dependent Variable: New Prod Qty

The result seems to suggest that FAC3 (information quality) has a significant effect on new product quantity. The relationship expressed in the equation needs further study. 

Typology-Effectiveness Grid

A typology-effectiveness grid for information application is presented in Fig. 7. Information format, quality and quantity affect new product involvement and quantity. The contribution to the probability of new product involvement varies in the following descending order: information quality, format and quantity. New product quantity seems to be influenced by information quality. 

Fig. 7 Typology-Effectiveness grid 
	Effectiveness

Technology (Information)

Typology
	New product involvement (probability)
	New product quantity

	Format
	**
	

	quality
	***
	*

	quantity
	*
	


Discussion of results

The high percentage of SMEs that apply digital data format is expected because of the sampling method which excludes organisations that do not apply ICT in manufacturing. Digitisation has contributed to the high level of processes in electronic format. Supply chain processes dominate in the area of data quantity followed by the management of enterprise wide processes. Production comes third in the use of digital based processes. The result could be indicative of decreasing application of production technologies in comparison to enterprise resource management. Database related instruments constitute the most applied programmes in the area of data quality. The result is expected because of the strategic position of database in the enterprise. The trailing nature of production is once more evident in the area of data quality, where majority of enterprises do not apply digitally enabled production programmes. A mathematical model was developed for predicting new product outcomes. The management of information technology application can be effected by managing the quality, quantity and formation. The quality of information application seems to have significant effect on new product outcome. The interchangeability of information makes it easier to simulate and model new products. The model for predicting new product involvement indicates a high probability for DET firms in contrast to non-DET organisations. This corroborates Verona (1999). The mathematical model for product quantity seems to indicate the opposite effect. This area needs further research. The analysis of the effect of technology typology on collaboration in new product development (third part of new product outcomes) could not be carried out due to insufficient data. 

Conclusion

Interim results seem to indicate a high level of digitisation among SMEs in manufacturing in the North East of England. Care must be taken in the application of the result because of the purposive sampling method. Technology can be identified and managed according to the typology. The strategic management of technology seems to be linked to the quality, quantity and format of the technology. The probability of new product outcomes seem to be significantly affected by technology quality, format and quantity in that order. The results will be augmented with the findings from communication and skills sub-systems.
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Appendices

Appendix1

	Information
	Frequency
	Valid %
	Category

	staff diary
	27
	45
	privacy

	resource schedule
	38
	63.5
	schedule

	staff particulars
	40

	66.7
	schedule

	engineering drawing
	48
	80
	product

	product specification
	50
	83.3
	product

	parts lists/bills of material
	50
	83.3
	product


Appendix 2

	Process
	Frequency
	Valid %
	Function

	manufacturing routing
	29
	48
	production

	demand forecasting
	30
	50
	marketing

	materials flow
	31
	52
	production

	product/market tracking
	34
	57
	marketing

	quality testing/control
	35
	58
	production

	resource planning
	36
	60
	enterprise

	resource scheduling
	37
	62
	enterprise

	inventory
	48
	80
	supply chain

	order processing
	52
	87
	supply chain

	purchases
	52
	87
	supply chain


Appendix 3

	Programme
	Frequency
	Valid %

	market research
	21
	35

	product simulation
	22
	37

	product modelling/prototyping
	29
	48

	machine tooling
	30
	50

	engineering design
	44
	73

	database management
	49
	82


Appendix 4
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Appendix 5


Model if Term Removed

	Variable
	Model Log Likelihood
	Change in -2 Log Likelihood
	df
	Sig. of the Change

	Step 1
	FAC1_3
	-29.152
	.061
	1
	.804

	 
	FAC2_3
	-31.205
	4.167
	1
	.041

	 
	FAC3_3
	-31.208
	4.174
	1
	.041

	 
	FAC4_3
	-32.810
	7.378
	1
	.007


Fig. 1 Theoretical framework
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� 1 billion = 1,000 million


� SMEs consist of micro, small and medium enterprises. The classification is based on DTI criteria of number of employees: micro enterprises have 0-9 employees, small enterprises have 10-49 employees and medium enterprises have 50-249 employees.  


� BEEP defines the digital economy as all digital and networking technologies or applications for information and communications.


� Computer systems association of the society of manufacturing engineers (CASA/SME) developed CIM Wheel, a diagram that shows how technology and disciplines work together (Veilleux, R. F. and Petro, L. W. (1988)).


� The OECD's 1998 activity-based definition of ICT was reviewed in April 2002. Although this definition gives only a first approximation of the ICT sector, the review ICCP (information, computer and communications policy) committee decided not to introduce changes but rather to allow improvement of the definition with the help of more detailed national classifications. This decision is subject to reconsideration at a later date and in the context of the major revision of the international standard classification ( ISIC) to be undertaken in 2007


�Information Technology Infrastructure Library (ITIL) is identified as a framework of “ the best practices and a standard of IT service quality that customers should demand and providers should seek to supply” (CCTA 1999). The ITIL provides a total of 9 sets of ICT management processes, popularly known as the best practices'. These sets are: manager’s set, service support, service delivery, software support, networks, computer operations, environmental strategy, environmental environment.  


� European Institute of Technology Management (EITM) definition: ‘Technology management addresses the effective identification, selection, acquisition, development, exploitation and protection of technologies (product, process and infrastructural) needed to maintain a market position and business performance in accordance with the company’s objectives’ (EITM, 2001, European Institute of Technology Management.  http://www-eitm.eng.cam.ac.uk/  cited 14 June 2007)  


� Ways in which work is organized, co-coordinated and focused towards the realizations of a valuable product or service. 


� Intellectual property, core competencies, financial and human assets


� The figure is calculated using data from Office of National Statistics, 2005


� 31% of 2060
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