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ABSTRACT 
 

The objective of this study is to reveal cause effect relations between the integration of auxiliary staff in the 
execution phase of variant construction projects within a 3D CAD (Three Dimensional Computer Aided Design) 
environment and economic and socio-psychological efficiency project outcomes. The analysis starts with the 
engineering environment, best described with the theories of job enrichment, driven by SW-developments 
(Software) to reduce personnel costs. The result is a job profile, in which the engineer is not only responsible for 
transforming information about the requirements for a new product into the information necessary to produce 
the new product but also executing all related activities to make the new product producible. In opposite to this 
situation the authors are elaborating their novel model of a coherent, task related integration of auxiliary staff in 
New PD (New Product Development) processes. Data obtained from 130 interviews with professionals reveal 
the hypothesized increase of economic and socio-psychological efficiency by using the model within the 
delimited area. 
 
Keywords: New product development; economic/socio-psychological efficiency; division of labour; teamwork; 

modern product development methods; task satisfaction; SW- forced job enrichment. 
 

1. INTRODUCTION 
 
Recent analysis of the workload of engineers in 
MDDs (Mechanical Development Departments) 
disclosed that at least one third of the work are related 
to supporting activities, to distributable work, which 
is mainly concerned with product documentation 
[1,2]. Time for the actual development of products is 

drastically restricted and in practice proven concepts 
which offer the best possible solution with given 
resources are often preferred [2,3]. The model of 
“Task and Competence based Integration of Auxiliary 
Staff” in MDDs - to relieve bottleneck employees, the 
engineers, from documentation activities, to improve 
the efficiency in New PD noticeably - represents the 
novelty, by comparing the benefits of the new model 
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with the actual working conditions of SW-driven and 
SW-forced job enrichment with a reduced division of 
labour to a minimum. As the majority of investigation 
in the area of New PD are concentrating on the 
question of how to reduce the diverse constraints in 
the cooperation of the various professions resp. 
operational business functions (e.g.[1,2,3,4]) this issue 
is analysing the efficiency potential within the 
individual working unit of MDDs. The aim is to 
reveal cause effect relations between the integration 
of auxiliary staff in the execution phase of variant 
construction projects within a 3D CAD environment 
and the projects economic and socio-psychological 
efficiency outcome. Based on a review of related 
theories the empirical findings should allow the 
establishment of coherent team structures, coherent 
integration of auxiliary staff, in that carefully 
restricted scenario.  
 

2. THEORETICAL BACKGROUND  
 
The empirical evidence of unbalanced task allocation 
in the nucleus of New PD due to over-assessed SW 
tool capabilities on the one side and the insights 
received from intensive literature review and extended 
theoretical analysis on the other side encouraged the 
authors to propose and discuss a model, a theory to 
improve the efficiency of New PD in MDDs. This 
model describes a task and competence based 
Integration of Auxiliary Staff (IofAS) in contrast to a 
model without any task related support for engineers, 
characterised with the well know term of job 
enrichment, driven by the 3D CAD implementation in 
MDDs. The model of efficiency improvement by task 
and competence based IofAS, the overarching topic of 
the present proposal to compose coherent teams in 
New PD, is approached by the discussion of selected, 
model relevant efficiency increase measures within 
New PD processes. The theoretical basis of that new 
model is specified and discussed starting with the 
relatively imprecise, spacious, but never the less 
fundamental theory complex of division of labour 
(DoL). The ongoing proceeding receives a first 
refinement by the discussion of the topics team 
composition, teamwork, competence diversity, 
familiarity and shared mental model. With the 
subsequent extensive treatment of overlapping 
development activities this literature research already 
concentrates on the central subject of that work and 
achieves his final focus by adding the relevant socio-
psychological aspects, especially the theory of 
cognitive dissonance (see Fig. 1). Thus the major 
mechanisms related to economic and socio-
psychological efficiency improvement by the model 
of IofAS are identified - with a particular view on 
possible implications on basic operating units in 
MDDs.  

Efficiency and effectiveness/effectivity/efficacy are 
very common terms, not only in connection with 
business affairs. In general, an activity is effective, if 
it produces the intended result; i.e. according to P. 
Drucker, if the right things are done related to a 
defined goal. In comparison, an activity is efficient, if 
it is performed with the least waste of resources, time, 
cost or man power, i.e. again according to P. Drucker, 
the classicist of modern management theories, if the 
things are done right, without any waste [5]. As the 
authors intend to evaluate in the presented model of 
IofAS both, the effectiveness in terms of target 
achievement and the performance, both terms are 
workable in this context and the authors follow the 
simplification, also applied in other scientific research 
papers, by consistently using the technical term 
"efficiency" (e.g.[6]). The economic efficiency 
dimension subsumes primarily objective cost-benefit 
ratios while the socio-psychological component of 
efficiency subsumes all indicators, related to the 
individual and / or collective satisfaction based on the 
subjective assessment of all participants [6]. The 
concept of economic efficiency is a decision criterion, 
which selects the one alternative among several 
equally important measures which generates the 
lowest economic costs and is also called cost 
efficiency [7]. Socio-psychological efficiency is a 
decision criterion for all areas of human actions, 
transactions and interactions, interpersonal 
relationships and leisure and is analysed by 
measurable variables, such as satisfaction and 
acceptance. The intension is to combine the economic 
terms (cost aspects) with the evaluable variables of 
sociological, psychological and socio-psychological 
provenance and to undertake cost-benefit analyses [6]. 
The evaluation of this research resulted in the 
structure, visualised within Fig. 1 (cf. [44]). 
 

 
 

Fig. 1. Efficiency improvement in New PD by task 
and competence based IofAS - 

Agglomeration of model-relevant theories 
Source: Authors 
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In the following the success criteria indicated above 
are discussed briefly. 
 

2.1 Success Criterion “Division of Labour” 
 
Given a solvable imbalance in respect to the 
allocation of personnel resources, the first step must 
be to examine the discussion on division of labour in 
detail. Since the beginning of the industrial revolution 
at the end of the 19th century up to the 60s of the 20th 
century the concept of Taylorism, the scientific 
management, was the dominant system for the 
organisation of operating procedures in order to 
achieve maximum productivity [8,9]. The headstone 
was already laid down more than 100 years before by 
Adam Smith with his proposal to increase 
productivity by specialisation via a process of 
deepening division of labour extensively [10]. 
According to that ideas productivity will increase by 
reduced work training, learning effects, higher speed 
of completing one's task, better assignment of 
responsibilities and identification of possible fault 
sources, reduced burden and less labour cost [11]. 
While A. Smith concentrated his research on macro-
economic aspects of the division of labour, F. W. 
Taylor studied the micro-economic ones. F. W. 
Taylor's merits can be seen in the relief of work 
operations from their deficits laying in the workers, 
the tools and the materials by a systematic and 
methodical analysis. The result should be a re-
connection of these operations with increased 
efficiency by deactivating all random and inefficient 
incidents [12]. The present work will follow up 
especially the arguments of achieving more speed and 
lower cost by a systematic and methodical analysis of 
work operations. The completely mechanical point of 
Taylor's view had to make way for the social welfare 
and human relation movement [9] for various reasons: 
the workman is condemned to monotonous routine 
and thinking, initiative, work satisfaction and joy are 
denied and individuality and innovative spirit are 
being destroyed. Insights about the extensive socio-
psychological disadvantages of a division of labour 
are described many times [11,2]. According to these 
insights and accompanied by an overall change in 
values and increasing individualization, science of 
work has turned since the 70s of the 20th century to 
human orientated working surroundings. Re-
integration is one of the basic attempts of previously 
eliminated labour contents to design integrative tasks 
in a way to get rid of the negative effects of the 
division of labour. The motivation of members of staff 
should be improved by job enrichment, use of 
different abilities, social interaction, areas of 
independent decisions and personal development 
(cf.[11]). But even task integration as well as 

specialization is limited: Therefore Weltz and 
Bollinger called for a task and job based 
specialization [13]. Kühn et al. [14] noted a rising 
integration of tasks by specialized experts, of tasks, 
which could easily been done by people with a 
different level of expertise. These are notable hints on 
economical as well as socio-psychological inefficient 
operations and already Mayer demands in the year 
1988 a cooperative division of labour with a 
specialized expert in the centre [15]. There are no 
definite determinations concerning way and level of 
division of labour in the process of the development 
of products. Different kinds of division of labour exist 
simultaneously within only one company or even only 
one project. The concrete distinctness depends on the 
level of complexity of a project as well as on the size 
of the company. Within product development a task 
can in principle be divided sequentially - in different 
single steps, worked on one after the other - or 
parallel - divided according to quantities or objects 
[2]. In addition, a horizontal division - in tasks equal 
in ranking - and a vertical division - in managing and 
performing tasks or, what is the subject of this paper, 
in preparation, creative and execution/routine 
activities - must be under consideration [16]. Every 
mechanical development project is divided into three 
phases, the preparation phase (1), the creative phase 
(2) and the executive phase (3). In phases one and two 
engineers have to be present; the third phase does not 
crucially require an engineer completely [17]. During 
the preparation phase (1) specification documents are 
written, tasks and project definition are determined 
and plans for deadlines, costs and capacity are drawn 
up. This phase is tremendously pioneering to the 
success of the project since foresight, intellectual 
configuration of systems as well as the indication of 
later behaviour or rather of the strived for conditions / 
actions happen there. To achieve this experience and 
expertise knowledge at the highest possible level is 
absolutely necessary. The second, the creative phase 
(2) of a development project contains the search for 
concepts to solve technical problems. It is the actual 
main creative activity of an engineer’s work. Here as 
well as in the first phase, knowledge about certain 
methods, specialised knowledge and experience are 
essential for the job of an engineer. In the final 
executive phase (3) the concepts are worked out to 
serial production. It contains apart from others the 
drawing up of product documentations, lists of items, 
drafts, assembly drawings, detailed drawings and 
calculations. This type of work ranges within the 
restrictions set up in phases one and two and therefore 
requires a less high qualification [17]. The AS is 
exactly educated for this type of tasks in phase 3 and 
is considered as well as an engineer to be an expert on 
these specific activities. 
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On the basis of the three New PD phases, the 
preparation (1), the creative (2) and the executive (3) 
phase Hubka distinguishes five different kinds of 
tasks in the area of development / construction [17]: 
 

- Skilled labour in terms of technical and 
scientific considerations to think ahead of a 
mechanical system (phase 1 and 2, remark of 
the authors). 

- Activities associated with the description of the 
mechanical systems (phase 3, remark of the 
authors). 

- Skilled labour, but no direct contribution to the 
design of mechanical systems (phase 3, remark 
of the authors). 

- Supporting work, e.g. copy, cut and archive of 
drawings (phase 3, remark of the authors). 

- Management activities. 
 
Based on this structure Mayer [15] raises the question 
how the coordination between experts and supporting 
members of staff must be designed. Vertical division 
of labour proves itself so long as coherent as it does 
not lead to uneconomic use of (high) qualification. 
Wittenstein substantiates this demand with what she is 
calling “Sinnvoll verteilbare Arbeitseinheit”, in 
English “practically distributable task package” [1]. 
One of the essentially influencing variables for a 
practicable distribution, one of the k.o.-criteria, is the 
ratio of effort of time for distribution of a work unit 
vs. the temporal scope of effort, of the work unit to be 
distributed; the smaller the ratio is, the better is the 
suitability for distribution [1]. According to these 
insights an integration model of AS (Auxiliary Staff) 
to relieve engineers from side tasks in carefully 
restricted areas could lead to more efficiency in 
respect to the economic indicators “project costs” and 
“project duration”. As far as the subject of this paper 
is concerned there is clear evidence that in various 
ranges of duty coherent division of labour can operate 
in MDDs. According to the characterisation of these 
ranges of duty there are two directions of DoL 
identifiable. One direction is the DoL with the 
individual operational disciplines/functions within the 
company from marketing to production and dispatch 
to the customer (the basis for the team building across 
functions). The second direction is oriented to DoL 
within the MDDs, especially within the execution 
phase (3), the dedicated subject of this paper. Whereas 
the DoL in direction one is permanently carefully 
considered by management as well as by SW-
developers to simplify the flow of information as 
much as possible, direction two seems to be 
disregarded, not existing or covered respectively 
solved by the SW in use -  without supporting staff. 
However, recalling again those analyses which had 
shown that roughly one third of the time spent in 
MDDs for the development of a project can be 

allocated to AS [1,2] the extent of auxiliary tasks is 
more than remarkably. 

 
2.2 Success Criterion “Teamwork” 
 
Haon et al. [4] analysed eighteen surveys made to 
observe direct effects of functional diversity on the 
performance of New PD during the years 1988 and 
2005. These surveys examined about 2000 
projects/teams and more than 1400 managers had 
been interviewed. The results were heterogeneous as 
well as ambiguous. The overall conclusions range 
from “Projects developed by cross-functional teams 
have a higher success rate than those from a single 
company function” [18], over “Diversity has a direct 
negative effect on the performance perceived by 
members of the team itself and on product 
innovation” [19] to “Cross-functionality is associated 
with a higher success rate of new products” [20]. To 
get a deeper understanding of the causes behind that 
heterogeneity Haon et al. [4] decided to perform 
further surveys. What is obviously important for the 
success of cross-functional teams is not only the 
functional diversity as such; various conditions must 
be met to make a cross-functional team successful. 
Only the number of functions represented in a team is 
of marginal significance. The diversity of information 
and perspectives which companies want to use is to a 
large extent a result of competence diversity; this 
cannot necessarily be achieved by pure functional 
diversity. Individual competence, a cross-functional 
human property by nature [21] and a mixture of 
origin, cultural background, education, life career and 
professional career, experience and expertise, may 
differ largely within a functional department and may 
be relatively similar from members of different 
departments. With that understanding, the notion 
diversity is extended to a compound term of 
functional, educational, experience and expertise 
diversity [4]; this - extended - diversity has a positive 
influence on information and knowledge available in 
a team and enables the team for deeper thinking and 
the creation of a broader range of perspectives, 
considered to make decisions (e. g. [22]). Under these 
conditions, the possibility to develop a higher amount 
of different concepts for New PD exists [23]. The 
extensive survey of Hollenbeck et al. [24] resulted in 
a variety of team composition 
guidelines/recommendations of scientists on the basis 
of their research on analysing the multiple 
manifestations of teams. This survey, divided in the 
areas team composition, team training and team task 
design, illustrates that there are good reasons to rely 
on research results in the process of implementing and 
applying teams as opposed to intuitive decision 
making [24]. One of the essentials of team 
composition is the diligent analysis of the individual 



 
 
 
 

Neuert and Staita; JGEMBR, 2(4): 190-200, 2015 
 
 

 
194 

 

task, in the case of the presented research, the 
development of new products. On this basis, teams 
should be capable for a better instrumental use of 
success related information to solve specific problems 
[4]. Within the execution phase of variant 
construction projects different competences for 
product design tasks and product documentation tasks 
are required. By allocating design tasks to engineers 
and documentation tasks to auxiliary employees this 
higher instrumental use of competences and hence a 
higher quality (product and documentation) can be 
assumed [45]. 

 
2.3 Success Criterion Modern “Product 

Development Methods” 
 
From the information processing point of view 
individual development activities are themselves 
viewed as information processors, receiving input 
information from their preceding activities, and 
transforming this input information into a form 
suitable for subsequent activities. “The sequential 
process assumes that the upstream-generated 
information is available for downstream use only at 
the completion of the upstream activity [25]”. During 
the upstream activity, the development process 
continuously narrows and refines the information 
from an initial rough assessment of a design 
parameter to a final value. For this refinement process 
from the preliminary to the final value, Krishnan et al. 
[25] use the term evolution. The performance of this 
process can vary from fast to slow, depending on the 
character of the individual development project. The 
term fast evolution explains on the one hand a 
redesign respectively a variant construction 
development project. The components and the 
technology are mostly known. This means 
information in the creative and the design phase of 
New PD can be generated fast. In other words - major 
changes happen early, the exchanged information gets 
close to its final form rapidly and can be frozen and 
passed downstream early in the upstream process 
without much quality penalty for the upstream 
activity. The term slow evolution explains on the 
other hand an innovation, a product using new 
components and technology. In this case, the 
generation of information starts slowly at the 
beginning of the creative and the design phase and 
increases rapidly to the end of that phase. The 
modification of the interchangeable information 
increases as the upstream activity progresses. In this 
case, finalizing upstream information early in the 
upstream process either would be impossible or would 
entail a huge quality penalty for the upstream activity 
[25]. In the overlapped process, the upstream activity 
shares preliminary upstream information at defined 
breakpoints with the downstream activity, depending 

on the special evolution-character of the project. The 
downstream activity begins to perform its normal 
development iteration using the exchanged 
information. This iteration process is to be repeated 
after the next releases of the meanwhile improved 
information of the upstream activity until the final 
value is available. Under this aspect the downstream 
activity has – as Krishnan et al. are calling it – a 
particular sensitivity, ranging from high to low. If 
substantial changes can be accommodated quickly by 
the downstream activity the downstream sensitivity is 
understood to be low and if the incorporation of 
changes in contrast is joined with large, time 
consuming rework the downstream sensitivity is 
understood to be high. Whether overlapping can be 
installed as a measure for improving lead time etc. 
depends on a careful assessment of the particular 
project. Due to more communication and iteration the 
duration of the individual activity may actually 
increase with overlapping, while the total project lead-
time can decrease by the concurrent work on different 
activities significantly [26]. To compress schedules by 
overlapping is very likely. Within the four extreme 
situations of overlapping the combination of fast 
evolution of the upstream process and low sensitivity 
of the downstream process seems to be most 
promising with regard to lead-time reduction. This 
situation appears within the execution phase of variant 
construction projects within a 3 D CAD environment 
and the proposed task sharing between design tasks 
for engineers and documentation tasks for AS. 
Krishnan et al. call this a “Distributive Overlapping” 
situation: When upstream evolution is fast and 
downstream sensitivity is low, it is possible to start 
downstream activity with preliminary information (no 
need for freezing early) and continue with the onward 
progress of the New PD process with preemptively 
finalized upstream information, because large changes 
in the upstream process happens early and finalized 
information - before the end of the upstream activity - 
do not lead to huge quality losses in the upstream 
process. The low sensitivity means that large changes 
in the magnitude of the upstream information 
exchange do not entail large iteration loops. Both 
activities, the upstream and the downstream, are 
contributing to an efficient overlapping process; the 
involvement is distributed [25]. This situation is most 
favourable for overlapping. This development 
situation appears, when a product redesign with 
known manufacturing technologies is generated or 
when an engineer redesigns a part, but for example 
manufactured with a defined method [25]. Based on 
the theoretical findings of Krishnan et al. with regard 
to overlapping of activities, a lot of additional 
researches followed to define the determinants of 
evolution and sensitivity more precisely, to design 
mathematical models to cope with uncertainty in 
respect of the degree of sensitivity, the extent of the 
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evolution and the probability of rework [27,28, 
29,30,31]. These discussions increased continuously 
the positive perceptions of the advantages of 
overlapping by practitioners (by engineers as well as 
by managers) and the transition from an ad-hoc to a 
systematic application of overlapping in various 
industrial areas is considerably promoted [45]. 
Krishnan et al. verified the thesis that overlapping can 
reduce lead-time and cost within certain restrictions. 
Essential conditions are a diligent identification of the 
characteristics of the project in preparation, the 
availability of qualified manpower (a prerequisite of 
particular importance for single operating units), a 
favourable cooperation climate and intensive face-to-
face communication. There is at least still one further 
area to be analysed - and intensified in addition - 
resulting from socio-psychological considerations, in 
order to achieve the desired success on a permanent 
base. This aspect is already slightly addressed in the 
context of competence diversity due to its remarkable 
success implication. 
 

2.4 Success Criterion “Task Satisfaction” 
 
Work satisfaction normally is recorded by an 
anonymous survey. Work satisfaction is characterised 
through the analytical unit, the individual, the 
analytical element, labour, and the type of 
measurement, validation [32]. The reviews analyse 
mean values and dispersion and are referred to 
departments, subsidiaries and total organisations. 
Since the beginning of the humanization of the 
working environment, work satisfaction is an 
indicator for humanization. Robbins [33] defines job 
satisfaction as a subjective measure of workers 
attitudes; that is an individual’s general attitude to his 
or her job. Job satisfaction is the attitude to work and 
to the work situation with different aspects, the 
evaluated comments to one's work or work elements. 
In this context Rosenstiel points to Locke (1976) who 
describes work satisfaction as a pleasant and positive 
emotional state that follows from the evaluation of the 
own work or work experience [32]. The search for 
equilibrium is one of the possible approaches to a 
classification of the various theories of work 
satisfaction, the classification into needs, incentives, 
humanistic and cognitive oriented concepts [32]. In 
the needs oriented approaches the organism seeks 
internal equilibrium. If the internal balance is 
disturbed, needs are recognised with the aim towards 
internal equilibrium. Incentive oriented approaches 
assume that work satisfaction is the highest, the most 
pleasurable emotion are available to the individual. 
The focus of the incentive-oriented approaches is to 
determine those traits of the organisation that 

influence work satisfaction to a particularly high 
extent. Humanistic approaches claim that the aim of 
human action is self-realisation and intellectual 
growth. Satisfaction arises through facing challenges, 
which leads to new experience and connotation. These 
concepts investigate the way of human life fulfilment 
in respect to how the individual can cope with 
existence and therefore are hard to operationalise. 
Cognitive equilibrium approaches are dealing with the 
cognitive concept of people who try to match the 
perceived environment with their designed cognitive 
plan. Disturbances are recognized as tension and 
imbalance and they lead to dissatisfaction. Decreasing 
tension leads to satisfaction as a consequence of the 
emotional reaction. Satisfaction is found when the 
perceived conditions of the workplace optimally 
match the perceived own role [32,34]. Demands and 
individual suitability, personal performance and 
wages should correspond to each other [35,36]. There 
seems to be the possibility that engineers increase 
their contentment with the tasks by quitting 
documentation tasks and by focusing on their 
engineering role, by allocating this documentation 
tasks to AS [44]. The study of the success criterion 
task satisfaction revealed a strong dependence / 
correlation between task content and self-image. It 
looks reasonable for managers and team leaders to 
note that they are a part of the success related 
interactions [37,38] and to experience and to consider 
more seriously how cognitive dissonance works, i.e. 
how an ambitious, dedicated engineer would deal with 
the disparity between his professional expectations 
and his professional reality: Special attention require 
his organisational commitment, the identification with 
the values and goals of the organization, the execution 
of extra effort on its behalf, the representation of his 
company, the recruitment of partners for his company, 
the loyalty to his company or - the readiness for a 
change. As related studies conducted so far, revealed 
mainly correlation statistical character between task 
content and job / task satisfaction [39,32,40,41], this 
study intends to go beyond these findings by the 
attempt to identify causal relations. 

 
3. METHODOLOGY 
 
3.1 Basic Hypothesis  
 
Taking all the theoretical and empirical considerations 
made so far into account, the authors transfer their 
theoretical outline into the proposed model of task and 
competence based IofAS - as visualised in Fig. 1 –
with the following set of hypotheses and propositions, 
subject to an empirical validation process: 
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Basic Hypothesis HB: 

 
HB: The higher the degree of task and competence 
based IofAS, the higher the economic and socio-
psychological efficiency of project outcomes. 

 
This overarching hypothesis is structured into the area 
of the independent variable, the degree of IofAS and 
the area of the effect variables, the economic and 
socio-psychological efficiency. The independent 
variable deals with the question, which - determining, 
explaining - variables influence the construct of the 
latent exogenous IofAS intensity. The latent, 
independent variable is in this case observable by the 
indicators (X1), contribution of auxiliary staff to the 
creation of the drawing set and (X2), additional 
supporting documentation activities performed by 
auxiliary staff in the execution phase of variant 
construction projects within a 3D CAD environment. 
The effect variables deal with the question, which - 
latent endogenous, to be explained - variables, the 
efficiency dimensions, are influenced by the 
application of the model IofAS, by the degree of the 
IofAS into the selected development projects. The 
observable dimensions of the dependent variables are 
in that case deadlines (Y1), cost (Y2), drawing errors 
in the drawing set (Y3), engineer’s contentment with 
the task (Y4), acceptance of the project progress (Y5) 
and degree of utilisation of engineers’ competences 
(Y6). Following this structure the basic hypothesis can 
be specified in detail by the following compound 
propositions (P1-P6), pointing out the elements / 
indicators of the expected project outcome and, in 
addition, illustrating for each proposition the 
observable determination indicators (X1, X2) causing 
the observable effect indicators of the expected 
outcomes (Y1-Y6).  

 
PY1-6X1: The higher the contribution of auxiliary staff 
to the creation of the drawing set, the higher / the 
possibility of meeting the project deadlines / the 
possibility of reducing the project costs / the 
possibility of reducing the drawing set errors / the 
engineers’ contentment with the tasks / the acceptance 
of engineers and auxiliary staff with the project 
progression / the possibility of utilisation of 
engineers’ competences. 

 
PY1-6X2: The higher the additional supporting 
documentation activities, the higher - the possibility 
of meeting the project deadlines / the possibility of 
reducing the project costs / the possibility of reducing 
the drawing set errors / the engineers’ contentment 
with the tasks / the acceptance of engineers and 
auxiliary staff with the project progression / the 
possibility of utilisation of engineers’ competences. 

3.2 Model Development   
 
Furthermore, the authors created a causal model in 
order to visualise the system of 
hypotheses/propositions and to present a causal 
analysis, the method generally accepted in social 
sciences to examine proposed relations and assumed 
cause effects via empirical data collection and 
analyses, see Fig. 2 (cf. [44,45]). 
 

3.3 Research Design 
 
The proposed cause - effect - relations between the 
IofAS as the independent variable and the economic 
and socio-psychological efficiency as the dependent 
variable are analysed via the action research method, 
with an ex-post data collection, conducted via 
questionnaires from 130 selected professionals. In 
toto130 proven experts, 65 engineers and 65 auxiliary 
employees, evaluated 65 recent variant product 
development projects, one engineer and one auxiliary 
employee for each project, with a structured 
questionnaire. Five different industrial sectors of 
mechanical development departments within different 
companies participated in this empirical quasi field 
study. The industry sectors were automotive-, satellite 
reception-, frequency filter, mobile communication 
and measurement technology equipment-industry. 
 

4. RESULTS AND DISCUSSION 
 
Table 1 summarises the results of the correlation 
analysis (Correlation Coefficient, CC-r; Coefficient of 
Determination, CD – r2) including the levels of 
significance between X1/2 and Y1 - 6 (P1-P6). The 
results of the empirical and theoretical findings 
combined with the research results and theoretical 
interpretations lead to the following conclusions in 
respect to the basic hypothesis and the related 
propositions: 
 
Overall, the basic hypothesis, the higher the degree of 
task and competence based IofAS, the higher the 
economic and socio-psychological efficiency of 
project outcomes is tentatively substantiated as far as 
the dominant criteria time (Y1) and quality of New PD 
(Y3) and, in consequence, engineers’ contentment 
(Y4) plus the instrumental use of engineers’ 
competences (Y6) are concerned.  
 
There are significant correlations between  
 

1. The contribution intensity of AS to the creation 
of the drawing set and the meeting of project 
deadlines (CC X1/Y1=0,225) and the reduction 
of drawing set errors (CC X1/Y3=0,360), the 
economic efficiency dimensions,  
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2. The contribution intensity of AS to the creation 
of the drawing set and the engineers´ 
contentment with the task (CC X1/Y4=0,326) 
and the utilisation of engineers´ competences 
(CC X1/Y6=0,357), the socio-psychological 
efficiency dimensions 

3. The additional supporting documentation 
activities, done through AS and the socio-
psychological efficiency variable “engineer’s 
contentment with the task” (CC X2/Y4=0,349).  

 
This indicates that there are functional relations 
between AS integration and the respective efficiency 
variables. This was analogously also confirmed by the 
above referenced authors [1,4,22,25,26,30,32,34,39, 
40,41]. However, the coefficients of determination (r2) 
indicate that the variation of the dependent variables 
have been influenced by the independent variable 
“degree IofAS” with relative weights of about 5% to 
about 13%. This makes aware that a strong influence 
on the dependent variables is archived by additional 
impact factors, so far not represented in our model. 
However, the results are highly significant. 
 
In addition, a multiple regression analysis was 
conducted between the different dependent variables 

and the two independent variables mentioned above. 
The results of the multiple regression analyses are 
depicted in  
Table 2: 
 
Themultiple regression function of the variable 
combinationY1 and X1, X2, i.e. 
 
Y1 = a(constant) +bX1+cX2,shows the following 
empirical outcomes: 
 

Y1 = 2,562 + 0,377X1- 0,027X2                                            (1) 
 

The constant and X1 are highly significant. In general 
it can be stated that especially X1 has a non-negligible 
impact on Y1. In addition, the inter-correlation of X1 
and X2 shows a highly significant r value (0,46**). 
This indicates that at least to a certain extent both 
independent variables influence the dependent 
variable “project deadline”. 
 
Comparable results of the MRA are achieved for Y2 to 
Y6, which additionally support the findings discussed 
above under point 1 to 3. 
 

 

 
 

Fig. 2. Causal model 
Source: Authors 

Legend for the causal model: 
x1 – x2 = manifest measurement variable for the latent exogenous variable IofAS 

y1 – y3 = manifest measurement variable for the latent endogenous variables economic efficiency project outcomes 
y4 – y6 = manifest measurement variable for the latent endogenous variables socio-psychological efficiency project outcomes
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Table 1. Correlation coefficient (r) and coefficient of determination (r2) 
 

 X1 X2 Y1 Y2 Y3 Y4 Y5 Y6 
Spearman-
Rho 

X1 CC- r 
CD -r2 

1,000 0,460** 0,225** 
0,050 

0,172* 0,360** 
0,130 

0,326** 
0,106 

0,128 0,357** 
0,127 

Sig. 
(two-tailed) 

 - 0,010 0,050 0,000 0,000 0,146 0,000 

N 130 - 130 130 130 130 130 130 
X2 CC- r 

CD -r2 
0,460** 1,000 0,158 0,151 0,170 0,349** 

0,122 
0,131 0,143 

Sig. 
(two-tailed) 

-  0,073 0,086 0,053 0,000 0,138 0,105 

N - 130 130 130 130 130 130 130 
** The correlation is at the ≤0,01 level significant (two tailed) 

* The correlation is at the ≤ 0,05and> 0,01 level significant (two tailed), Source: Authors 
 

Table 2. Multiple regression analyses (MAR) 
 

Value Y1 Y2 Y3 Y4 Y5 Y6 
Constant (Intercept) 
Sig. 

2,562 
0,000 

2,276 
0,000 

2,029 
0,000 

2,165 
0,000 

3,118 
0,000 

2,356 
0,000 

CC - X1 

Sig. 
0,377 
0,000 

0,241 
0,021 

0,458 
0,000 

0,322 
0,001 

0,297 
0,001 

0,499 
0,000 

CC - X2 

Sig. 
-0,027 
0,698 

0,046 
0,543 

-0,052 
0,537 

0,146 
0,036 

-0,019 
0,756 

-0,048 
0,460 

Source: Authors 
 

5. CONCLUSION 
 
Overall, our empirical survey has by and large 
supported the underlying hypotheses of our causal 
model. However, it has to be considered that various 
additional independent variables do have an impact on 
our set of dependent variables related to the project 
success in New PD processes. This insight leads to 
additional theoretical considerations, concerning other 
influencing variables on the project success in 
economic and socio psychological terms. 
 

Again utilizing the formal multiple regression 
approach, we can formulate the following function:  
 

Y(1….6)=a+bX1+cX2+dX3+eX4+fX5+gX6+ε          (2) 
 

This regression function presumes a number of 
additional independent variables (X3, X4, X5, X6) and 
an unknown residual (ε), which determine the 
dependent variables (Y1-6).  
 

Theoretical considerations on the respective literature 
research suggested that i.e. the following independent 
variables should be taken into a hypothetical account - 
referring to Cooper and Kleinschmidt [42]: 
 

High quality and rigorous product development 
processes (X3); pertinent new product strategy (X4);  
 
sufficient and pertinent resources (people and money) 
(X5) and the use of cross functional teams (X6).  

This particular set of additional factors suggested by 
Cooper and Kleinschmidt can serve as an extended 
theoretical framework, which may have to be tested 
by further theoretical and empirical research. This 
approach is also discussed in various articles (cf. [43], 
containing a summary of critical success factors and 
processes in project management analysed by various 
scientists, Cooper and Kleinschmidt and various 
others, in the years 1988 to 2001). 
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