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Abstract 

This paper illustrates one researcher’s experience of applying Design Science Research 

(DSR) to the nexus between systems thinking and project scheduling. Project management 

has become increasingly popular in the decades since its advent but has changed little in that 

time. This is especially true is of its signature technique, project scheduling. Scheduling 

research however is vibrant and modern and even includes dynamic concepts such as learning 

curves in schedule construction. However, justifications for acquiring this level of systems 

literacy have not yet convinced the practice community. A similar gap is identified in 

management science and a literature review yields two potential solutions; dissolving the 

subjective-objective divide by adopting Critical Realism and using Design Science Research 

as a framework for producing artefacts. This paper outlines how these concepts were applied 

to project scheduling, resulting in a new method for schedule construction that allows an 

expanded range of concepts to be included.  

Introduction 

Since Gaddis hailed the advent of a new type of manager in the Harvard Business Review in 

1959 the role of ‘Project Manager’ has become increasingly commonplace (Gaddis 1959, p. 

59). The US-based Project Management Institute (PMI) for instance has grown from 24 

founding members in 1968 to more than 500,000 in 2017, an annual compounding rate of 

over 22% (PMI 2007, 2017b). The PMI’s popular exam based credential scheme has matched 

this growth, rising from an initial 43 credential holders in 1986 to more than 823,000 in 2017, 

an annual compounding rate of over 37% (PMI 2017b; Webster 1994). 

 

The PMI’s credential scheme is based on the content of their publication, A guide to the 

project management body of knowledge, commonly referred to as the PMBoK (PMI 2017a). 

Other such codified bodies of practitioner knowledge have been published in the UK (APM 

2019), in Europe (IPMA 2017) and Japan (PMAJ 2005). These texts seek to define what a 

competent project manager should know and are based on research into the practice of project 

management, which has itself evolved as the popularity of project management has grown 

(Bredillet 2009; Turner, Pinto & Bredillet 2011).  

 

This self-referential process, where research into the practice of project management has been 

used to define what ought to be done, and taught to ever larger numbers of new practitioners, 

has been the subject of much criticism (Hällgren et al. 2012; Jacobsson & Söderholm 2011) . 

Of particular concern is that this approach exposes both practitioners and researchers alike to 

what Hayek described as the “mechanical and uncritical application of habits of thought” 

where the future is defined in terms of what has been done in the past (Hayek 1952, p. 15).  

 

The danger has not gone unnoticed with some researchers proposing to entirely rethink 

project management (Winter et al. 2006), to examine the constraints imposed by the largely 

positivist epistemological underpinning of much project management research (Smyth & 

Morris 2007), and to question how the hard systems view prevalent in much of this research 

biases the way in which new research questions were framed (Pollack 2007; Williams 2005). 

Identifying and challenging these underlying assumptions, research through problematization, 

is seen as one way forward (Alvesson & Sandberg 2011). 
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Project Scheduling 

Central to the practice of project management and perhaps its defining technique, is project 

scheduling. The most popular method for project scheduling is the Critical Path Method 

(CPM) which is espoused by all the codified bodies of knowledge and has not changed much 

since first publication (Kelley 1961). The PMI’s Practice Standard for Scheduling (PMI 

2011) distinguishes between scheduling methods, scheduling tools and the schedule model. 

Methods describe ways of constructing schedules (such as CPM), tools are usually software 

packages that embody the rules defining methods, and schedule models are created when 

methods are applied, using tools, to the specific data describing a project. 

 

Project scheduling research has focused almost exclusively on methods, rather than tools or 

models. The Resource Constrained Project Scheduling Problem (RCPSP) is in the class of 

mathematical problems described as 'non-deterministic polynomial-time hard' because it is 

difficult to say beforehand how long a solution will take to calculate (Demeulemeester & 

Herroelen 2002, pp. 203-5). The difficulty of the challenge has attracted significant interest 

(Hartmann & Briskorn 2010), requiring the RCPSP research community to establish a 

common language, borrowed from mathematics, to efficiently describe the problem (Brucker 

et al. 1999; Herroelen, Demeulemeester & De Reyck 2001). This intensely analytical 

approach however, has drawn criticism from within. Williams observed that much scheduling 

research “languishes in journals” rather than finding use in project practice (Williams 2003, 

p. 3) and Herroelen similarly observed that “many project scheduling procedures have not yet 

found their way to practical use” (Herroelen 2005, p. 413).  

 

That research languishes in journals is evidence that a gap exists between the research and 

practice of scheduling. Scheduling methods supported by the tools that practitioners rely on, 

do not attempt to obtain mathematically exact or optimal solutions to the RCPSP, instead 

settling for computationally less intensive solutions using relatively simple rules called 

heuristics (Artigues & Rivreau 2008; Demeulemeester & Herroelen 2002, pp. 264-300). The 

simplicity of heuristics allows them to be applied to the large precedence networks that occur 

in practice, which would often result in unacceptable computing time if approached using an 

exact solution procedure. Heuristics based scheduling however, cannot guarantee an optimal 

solution. Results from scheduling tools popular with practitioners vary significantly in how 

closely they approach known optimal solutions, depending on the type of heuristic applied, 

whether more than one heuristic is used and the network and resource characteristics of the 

precedence network tested (Kastor & Sirakoulis 2009; Trautmann & Baumann 2009). 

Similarities to Issues in Management Science 

Similar concerns have been raised regarding the utility of the output of the much larger 

research community focused on management science. This has become known as the rigour-

relevance debate, indicating that is it perceived as a mismatch of values between the research 

and practice communities (Huff & Huff 2001; Starkey & Madan 2001; Tranfield & Starkey 

1998). This debate remains ongoing (De Frutos-Belizón, Martín-Alcázar & Sánchez-Gardey 

2019) but two major ideas developed within it can be applied to the scheduling research-

practice gap. Both take a problematization approach by challenging basic assumptions. 

 

The first idea is that the gap arises because the dominant philosophical paradigms, the 

empirical-analytical, the interpretive and the critical, when adopted individually simply do 

not accommodate the necessary range of concepts. They lack the requisite variety for a 

practical description of the world. Solving such a problem involves the adoption of a more 
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accommodative philosophical framework with an expanded ontology. Within the rigour-

relevance debate, Mingers has been a strong proponent of Critical Realism for this purpose 

(Mingers 2000, 2015).  Critical Realism is a transcendental, realist, naturalist and critical 

philosophy of science. It is its strongly naturalist position that supports the expansion of 

project scheduling’s ontology as Critical Realism argues that intangibles, such as morale, 

willingness to work, learning or fatigue are causally effective in the same way that physical 

structures are (Bhaskar 1979, 1993; Bhaskar & Hartwig 2008). The real-world effects caused 

by these concepts are explained mechanistically through the action of generative 

mechanisms. These describe entities residing in the domain of the real, having power to 

create events in the domain of the actual, which may or may not be observed in the domain of 

the empirical. This stratified ontology, the empirical within the actual, within the real, is one 

of Critical Realism’s defining elements (Bhaskar & Hartwig 2008). The utility of explanatory 

mechanisms of this type has also been the subject of much discussion in the philosophy of 

science (Gerring 2007; Glennan 2002; Machamer 2004) for their ability to provide both 

physical and epistemic explanations for observed phenomena (Illari & Williamson 2013; 

Illari & Williamson 2011; Williamson 2013). 

 

The second idea is that management science is much more like engineering or medicine than 

physics or chemistry, in that its artefacts are designed rather than discovered (Van Aken 

2004) and its researches often involve abductive inquiry into systems that do not yet exist 

(Romme 2003). Solving such a problem involves bringing theoretical rigour to the design of 

new management artefacts or interventions. Design Science Research (DSR), as one such 

approach is called has been gaining acceptance in information technology (Kuechler & 

Vaishnavi 2008, 2011, 2012) whilst still developing how theory and action are balanced 

effectively (Baskerville et al. 2018; Baskerville & Pries-Heje 2019). The research 

community’s acceptance of this approach is evidenced by the Journal of Operations 

Management recently having invited submissions using DSR as a strategy (Van Aken, 

Chandrasekaran & Halman 2016).  

Methodology 

This research sought to apply these two findings to the project scheduling research-practice 

gap by using DSR as a strategy to operationalise the concept of ontological expansion. DSR 

has been described as the engineering approach to operations management, the core output of 

which should be a "well-tested, well-understood and well-documented innovative generic 

design that has been field tested to establish pragmatic validity" which would "enable 

practitioners to use it as a model for making case-specific designs." (Van Aken, 

Chandrasekaran & Halman 2016, p. 1 & 3). 

 

One of the key aspects of DSR is that generic designs should be supported by design 

propositions, prescriptive statements about how existing knowledge is being used in the 

target context to generate the intended outcomes. Design propositions require the designer to 

take a systems view of their problem in focus, describing its context, what mechanisms 

generate the unwanted outcomes and how the intervention alters these circumstances to 

promote the wanted outcomes (Denyer, Tranfield & van Aken 2008).  

 

DSR prescribes a 5-step process. Step 1, awareness, describes the background to the 

problem, which should be both real-world and of interest to practice. Step 2, suggestion, 

draws on existing theories to describe generative mechanisms that have causal relationships 

to the problem. Step 3, development, is the design and realisation of this intervention, 

utilising the chosen technology and the design theories that have been developed for the 
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effective use of that technology. Step 4, evaluation, is the empirical testing of the developed 

intervention, to ensure that the outcome has in fact been improved. Step 5, conclusion, 

assesses the generative mechanisms and design theories in light of the evaluation results 

(Kuechler & Vaishnavi 2012). 

 

DSR Step 1, awareness of the project scheduling research-practice gap.  

Awareness of the problem is briefly described above, that research and practice in project 

scheduling have become disconnected and an increasing number of new practitioners are 

inducted every year into outdated ways of thinking. 

 

DSR Step 2, suggestion for closing the project scheduling research-practice gap.  

Suggestions for the expansion of scheduling’s ontology have already been made. Williams 

advocated for the inclusion of intangibles (soft factors) to improve the relevance of 

scheduling research which has otherwise remained resolutely positivist (Williams 2003, p. 

19). He drew support from Saaty and Forrester. Saaty wrote that operations research “would 

make a vast creative leap if it were to look seriously into models that handle intangibles and 

their measurement, because most of our problems deal with such factors” (Saaty 1998, p. 13). 

Forrester advised against “the omission of admittedly highly significant factors (most of the 

‘intangible’ influences on decisions) because these are unmeasured or unmeasurable. To omit 

such variables is equivalent to saying they have zero effect … probably the only value that is 

known to be wrong” (Forrester 1961, p. 57). One intangible concept, the learning curve, 

describing assimilation rates for new skills, has been sufficiently popular in the scheduling 

research community to prompt more than one state-of-the-art review  (Azzouz, Ennigrou & 

Ben Said 2017; Biskup 2008).  

 

Such innovations have not made the transition into practice however, indicating that there are 

barriers to adoption. Archer’s morphogenetic approach (Archer 2010) was employed to 

analyse the social structures conditioning the adoption of new developments in project 

scheduling. For the sake of brevity, only the outcomes of this analysis are presented here. The 

agencies, material structures, ideational structures and value-messages evident within the 

practice community are strongly biased towards morphostasis (a concept very similar to 

homeostasis). The key value-messages of professionalization (practice should be restricted to 

those qualified) and standardization (qualification should be based on a defined body of 

knowledge) espoused and controlled by the various professional bodies and the commercial 

apparatus of training and accreditation attached to these ideas create significant inertia. Any 

designed intervention must recognise these constraints. 

 

The analysis prompted the adoption of 5 design propositions.  

DP1. Familiarity; given the conservatism evident in the practitioner community, the designed 

artefact should look and act in as familiar a way as possible.  

DP2. Mechanistic explanation; the designed artefact should explicitly show the cause-effect 

relationships relied upon to model intangibles, to allow practitioners to evaluate them 

using deductive logic.  

DP3. Benchmarking; the designed artefact's capabilities should be validated using publicly 

available data, to allow for repeatability, replicability and modification of tests. 

DP4. Relevance; the designed artefact should be capable of scheduling task networks and 

resource pools of the size and complexity commonly encountered in practice. 

DP5. Open Source: the artefact should be designed and built using open source or readily 

available components, to lower the barriers to new researchers contributing to the 

published results. 



6 

 

 

DSR Step 3, development of a scheduling tool embodying the design propositions.  

Development proceeded by using the design propositions to guide and constrain decisions at 

the three different levels in Van Aken's design model (Van Aken 2004); process-design, 

realisation-design and artefact-design.  

 

Process-design is the highest level of abstraction and is the framework for ensuring that the 

realised design has the capabilities to support the intended outcomes. The intended outcome 

of this research is a project scheduling tool that is capable of including generative 

mechanisms (soft factors, intangibles) in schedule construction. Its credibility as a scheduling 

tool is the first thing that needs to be established and the benchmarking design proposition 

(DP3) requires that this should be achieved using publicly available data.  

 

Realisation-design involves the technical choices regarding building and implementing the 

design. The familiarity design proposition (DP1) seeks to avoid the shock of the new, so the 

design should accept standard scheduling data as input and produce Gantt charts as output. 

The relevance design proposition (DP4) seeks to avoid the most common criticism applied to 

research algorithms for scheduling, that they do not scale well to realistic network sizes. This 

requires the artefact to be designed for scalability in its chosen technology. The mechanistic 

explanation design proposition (DP2), seeks the clear exposition of cause-effect relationships 

in any generative mechanisms being modelled. Three further technical choices flow from this 

proposition. First is the adoption of system dynamics as the formalism to represent generative 

mechanisms. One of the fundamental principles of system dynamics, "the structure of the 

system gives rise to its behaviour" (Sterman 2000, p. 28) captures the essence of mechanistic 

explanation and its ontological and epistemological fit with Critical Realism has been well 

established (Lane 2001a, 2001b). Second is that choosing a calculus-based formalism 

requires a move to simulation modelling rather than the mathematics of algebra used by the 

majority of existing scheduling research. This move to continuous time mathematics also 

limits the design to heuristic methods for scheduling, which is not seen as a significant 

limitation given this is current practice. Lastly, having moved to simulation modelling, 

scheduling must now be accomplished in a way compatible with this sort of environment. 

Discrete Event Simulation (DES) can accomplish this (Lu 2003). 

 

Artefact-design is the final level of abstraction where we consider how these design decisions 

will be implemented and any further constraints imposed by currently available technology. 

Employing both system dynamics and DES results in hybrid-simulation. The most popular 

commercial software package capable of hybrid simulation modelling for research is 

currently Anylogic, which uses the Java programing language (Brailsford et al. 2019). The 

guidelines for good laboratory practice in using modelling for research advise that the 

‘means’ for other researchers to repeat or replicate results should also be provided (Kendall et 

al. 2016). This is understood to mean that the simulation model itself should be published, 

fulfilling the open source design proposition (DP5). Linking generative mechanisms, 

modelled in system dynamics, to DES based project scheduling however requires a novel 

design element. This novel element is needed to link task progress, modified by intangibles 

and mechanistically explained using system dynamics (Lyneis & Ford 2007), to the 

scheduling of those tasks. This was achieved by modelling the work allocated to each 

resource assigned to a task as a stock of work to-do flowing through into a stock of work 

done, with the rate of this flow controlled by that individual resource’s productivity. This 

makes productivity at the individual resource level a function that can be modulated by any 

concept the model builder wishes to model, see Figure 1 below. A more complete description 
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of the technical details of the hybrid simulation model has been published previously (Scales 

2019). 

 
 

DSR Step 4, evaluation of whether the research-practice gap has been closed. 

Evaluation of a design is meant to assess whether the artefact or intervention has improved 

the intended outcome. The goal of closing the gap between the research and practice of 

project scheduling is an outcome that will take some time to assess. A more immediate 

evaluation however is possible by comparing the scheduling outcomes that the new approach 

generates against those produced by popular commercial scheduling tools using standard 

scheduling research test cases. A step back in scheduling capability would likely make the 

approach unviable. Following the benchmarking design proposition the test cases and 

comparison results should both be publicly available. The simulation model was evaluated 

against recent results for commercial software packages (Trautmann & Baumann 2009) using 

standard test cases from the Project Scheduling Problem Library (Kolisch & Sprecher 1997) 

which include benchmark results for optimal or best case solutions from literature (TUM 

2020).  

 

The simulation model was tested with unmodulated productivity to assess its baseline 

scheduling capabilities using the 30 task, 60 task and 120 task test cases (n=1560) from the 

single-mode dataset (single-mode and multi-mode refer to differences in how resources are 

utilised). Trautmann and Baumann tested 7 seven commercially available packages, including 

the market leaders Microsoft Project (MSP) and Primavera Project Planner (PP6), using this 

dataset. They presented each test case to the software under test and recorded the overall 

duration of its scheduled solution, the makespan. For each result a difference was calculated 

between the best known makespan and that calculated by the software under test (the relative 

makespan deviation). This difference was then expressed as a percentage of the best known 

makespan (the relative makespan deviation %). Simple statistical analyses (means and 

varances) were then performed on the accumulated results. Table 1 below compares the 

simulation model’s results using this same approach for eight scheduling heuristics drawn 

from recent scheduling literature. The table compares them to Trautmann and Baumann’s 

published results for the tests they made on the commercial package’s best heuristic (or the 

default where this could not be changed). The best result achieved by the simulation model, 

using the CPM based heuristic of Minimum Late Finish (highlighted in bold), compares 

favourably with these results. A more complete description of the tests, measurements and 

analyses has been published previously (Scales 2019). 
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DSR Step 5, conclusion regarding the impact of the artefact. 

Conclusions, like evaluation results should ideally be drawn once the impact of the designed 

artefact can be properly appreciated and this research remains ongoing. However, the focus 

of this paper has largely been on the methodology employed, as one of two ideas abstracted 

from the rigour-relevance debate in management science. The first idea; that the continued 

influence of positivism leads to an inability to account for all relevant phenomena will be a 

familiar proposition to those in the systems research community. The second idea; Design 

Science Research may not be such a familiar proposition but has proved useful in this 

instance as a framework for making what might otherwise be seen as hard to justify creative 

decisions about how to move forward.  

 

The DSR process begins with an awareness of a problem, some empirical anomaly or theory 

driven source of doubt, which drives the creative process of hypothesising the problem's 

source, described in generative mechanisms. The focus here has been on the evident gap 

between research and practice in project scheduling. The research community has long 

recognised that including intangibles in schedule construction would open up new avenues 

for improvement but has so far failed to realise any success in modifying practice.  

 

For DRS’s suggestion step this research turned to social realist theory to develop hypotheses 

regarding how the practice community’s values and organisations create barriers to change, 

resulting in a number of guidelines for further action in the form of design propositions. 

Other theoretical lenses could have been utilised at this stage to develop potentially different 

hypotheses. These first two steps, awareness and suggestion, are abductive and other 

researchers may draw different conclusions from the same data but DSR allows the argument 

to be laid out (in extreme summary form here) for criticism.  

 

DSR’s development step operationalises the design propositions and develops further detail 

on how they constrain the choices that can be made, focusing on three levels of abstraction; 

process, realisation and artefact designs. The logical analysis of the constraints imposed by 

the design propositions allows the focus of the research to be delimited and circumscribed to 

a well-defined and justifiable solution; in this instance system dynamics for modelling 
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intangibles, discrete event simulation for heuristic scheduling, combined within a hybrid 

simulation modelling environment.  

 

DSR’s evaluation step seeks to ensure that the problem identified in the awareness step and 

analysed in the suggestion step has in fact been improved by the output of the development 

step. This research benchmarked the simulation model results against published results for 

commercial scheduling software using publicly available and standardised test cases. The 

development and evaluation steps are deductive and (it is argued) flow logically from the 

design propositions. This clear separation between the abductive and deductive steps in the 

DSR process provides the researcher with a strong framework for ensuring that theoretical 

underpinnings are attended to before action is taken to test a hypothesis. 

 

Lastly, the reflective step asks the researcher to question whether the outcomes achieved 

validate the chain of reasoning used to suggest and develop the design. This may result in a 

new awareness of the problem and a new round of investigation. The range of scheduling 

makespan results produced in this research for instance raises questions regarding why this is 

so. Then there is the question investigated by Baumann and Trautmann in 2016 regarding 

improvements in scheduling outcome when nesting heuristics (Baumann & Trautmann 2016). 

Finally there is the question of how to move forward in testing the effect of intangibles on 

schedule outcomes when this is new research territory. 
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