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Abstract—This paper describes the factors that play a role in 
credibility of simulation results. It focuses on virtual 
manufacturing and in particular resource simulation as an 
example. However, a simulation model can be used in a number 
of different ways. Verification and validation of models is 
amongst other factors important for credibility. In this area, 
much work has been carried out in defense research. There are 
also some striking similarities between virtual manufacturing 
and information fusion, in particular in the field of human 
competence development related to credibility of simulations. 

I. INTRODUCTION TO “SIMULATION” AND “MODELS” 
There are many different definitions of “simulation”, some 

related to computer simulation, and others more general. What 
these definitions tend to have in common is that a model is 
used to depict a “system of interest” or a “situation/scenario of 
interest”. This model can be a computer model, but it might 
for instance just as well be a physical model or mental model. 
In social psychology for instance, participants in experiments 
can be confronted with a certain situation or scenario, and are 
asked how they would respond in such a case. 

This article focuses on engineering applications of 
modeling and simulation, in particular virtual manufacturing 
(VM). Within this context, we can describe simulation as 
"experimentation with some model of a system of interest 
(SoI)". This SoI may be an existing system, a projected 
system, or a completely imaginary system. 

The relationship between the System of Interest and its 
associated model is shown in Fig. 1. The model is an abstract 
representation of the SoI and ideally, from the behavior of the 
model, conclusions can be drawn concerning the SoI. 
Likewise, from the observed behavior of the SoI, conclusions 
can be drawn concerning the model, such as its suitability to 
represent the SoI. In engineering science, a model can never 
be identical to its associated SoI, because if it would be, then 
there would probably be no need for a model. Or, as 
Rosenblueth and Wiener [1] put it: 

“No substantial part of the universe is so simple that it can be 
grasped and controlled without abstraction. Abstraction 

consists in replacing the part of the universe under 
consideration by a model of similar but simpler structure. 

Models [….] are thus a central necessity of scientific 
procedure.” 

Although this paper focuses on computer simulation, it can 
be worthwhile to realize that there are many different types of 
application for simulation, including: 

• Simulation as a tool to study an SoI in order to 
create new knowledge about the modeled system, 
or to refine existing knowledge about it. This new 
or improved knowledge can subsequently be used 
for decision support, often on operational level.  

• What-if analysis. A type of use that is similar to 
the above, but usually with a longer time horizon, 
and typically for tactical decisions. It can be used 
to study changes such as proposed layout changes 
of a production facility or introduction of new 
products. 

• Simulation as a tool to train operators in the use 
of the SoI. In this case, the simulation model 
serves as a means to transfer knowledge about the 
SoI to the operators. 

 
 

Figure 1.  System of Interest (SoI) and model 



• Serious gaming as a way to create situations that 
are realistic, even although the situation itself 
may never occur. Serious gaming is often used to 
train people and organizations for situations in 
which communication, coordination and decision 
making are important, such as in complicated 
rescue operations, terror threat or natural 
disasters. In manufacturing engineering, it can be 
used to train aspects such as lean production or 
production planning in general. 

• Simulation as a way to test and benchmark for 
instance production planning algorithms. Testing 
and comparing algorithms or other solutions 
(such as soft computing) in a real production 
environment is not practically possible, but it is 
possible to do so in simulated environments. 

• Simulating a situation and/or sequence of events 
in order to test peoples’ attitudes or responses. It 
is widely used in behavioral sciences. In design 
and product development, it can be used to test 
responses of people to new products, in particular 
in the idea, concept, or prototype phases. 

• Documentation and discussion. Through 
discussing commonalities and differences 
between the simulation model and the SoI, tacit 
knowledge about the SoI can be elicited. After 
completion of this process, the model serves as a 
documentation of the functional behavior of the 
SoI as a form of reverse engineering. 

• Gaming primarily as entertainment. Nevertheless, 
such games can include various educational 
moments. A major difference between this type 
of simulation use and the others is that the SoI 
doesn’t need to possess any significant degree of 
realism. 

II. SIMULATION FOR PRODUCT- AND PRODUCTION 
DEVELOPMENT 

A. Product,Process, and Resource Domains 
Within the context of an integrated approach to product- 

and production development, one can distinguish a product 
domain, a process domain, and a resource domain (also called 
"PPR hub", Fig. 2). This division is also very suitable when 
discussing different types of simulation or applications of the 
same modeling & simulation technique in different domains. 
It also indicates that there may be many orders of magnitude 
in time scales or spatial scales, for instance between 
simulation-in-the-loop for in-process control of welding 
processes and discrete event simulation of the product flow in 
a production plant, an issue also highlighted by the NSF Blue 
Ribbon Panel on Simulation-Based Engineering Science [2]. 
Within the context of this paper, the main focus will be on 
resource simulation.  

Product domain: Many aspects of products may be 
simulated, but within the context of the PPR domains, mainly 
physical properties are of interest. Two well-known methods 
that are also commonly used in industry are the finite element 

(FE) method and multi-body system (MBS) simulation. The 
importance of simulation in product development in general is 
described in [3]. It facilitates the sliding between existing and 
not yet existing objects, and supports the designer in decision 
making through the possibility to explore "what if" scenarios. 

Process domain: In the process domain, manufacturing 
processes are modeled and simulated. Examples of such 
processes are milling, casting, laser cutting, welding, and a 
variety of forming processes. For some processes, dedicated 
simulation packages or dedicated user interfaces for FE 
simulation software exist. For 3-D forming processes, mainly 
FE modeling and simulation is used, as for instance in [4, 5]. 
Modeling and simulation of bending processes are often FE 
models [6, 7] or analytical models [8, 9]. Examples of the 
application of process models for in-process control can be 
found in [10, 11, 12]. 

Resource domain: Within the context of VM, a commonly 
used division is that between continuous simulation such as 
simulation of robot movements (CAR, computer aided 
robotics), and discontinuous simulation such as discrete event 
simulation (DES or DEVS, Fig. 3). Typical applications of 
DES are studies of the flow of products, workers, and 
materials handling equipment through a production facility, 
and may include throughput analysis, identification of 
bottlenecks, and determination of buffer sizes. Where 
examples of VM are given, these will be taken mainly from 
DES. 

B. Activities in a Simulation Project 
In a simulation project, a number of activities can be 

distinguished (Fig. 4). These activities are partly consecutive 
in time and partly parallel activities in a concurrent 

 
Figure 2.  PPR domains 

 

 
Figure 3.  Snapshot from DES animation of an airport terminal 



engineering manner. 

A brief description of the activities are given below; some 
of them will be discusses in more detail later on. 

• Start-up: Problem, goal, and method. In this 
phase, the problem is defined, and the goals of the 
project are determined. Methods to reach these 
goals are explored, including non-simulation 
methods. The goal is closely related to the 
“intended purpose” of the simulation model. 

• Build model and enter data. Although shown as 
partial sequential activities in Fig. 4, Banks [13, 
14] considers these as parallel activities. Usually, 
model building is divided into several phases 
such as conceptual model, formal model, and 
executable model. 

• Verification. Sometimes described as “checking 
if the problem has been built right”. At this stage 
the model logic is checked for any errors. 

• Validation. Sometimes described as “checking if 
the right model has been built”. A check whether 
the model behaves in such a manner that it is 
deemed to be representative for the SoI. 

• Experiments. Usually, a set of initial experiments 
will have been drafted during the method 
selection phase. After the initial experiments, 
usually new experiments will be designed. 

• Closure: Documentation and Decision. The 
documentation is prepared by simulation 
executioners and subject matter specialists and 
serves as decision support for the project owner. 

Above, simulation activities are described as activities in a 
project. However, this does not mean that after a decision has 
been made, the simulation model is shelved unceremoniously. 
In many cases, the decision could be to use the model to 
support a company’s operations. Examples include the use of 
simulation models to support operational planning and 
scheduling, or their use for service and maintenance support. 
Another obvious example of continued use is simulation-
based operator training. However, regardless of the continued 
use, the design and development of a simulation model will 
usually more or less follow the project activities as described 
above. 

In some cases, the use of a simulation model that has been 
created to answer a certain question is extended to answer 
other questions as well. However, this requires that either this 
extended use was defined at the early stages (meaning that it 
was included in the “intended purpose”), or that the model is 
subjected to a new verification and validation process with the 
aim to assess its suitability for the extended use. 

C. Human Roles in a Simulation Project 
REVVA [15] distinguishes a number of actors/roles in a 

simulation project, namely Contextual user, Acceptance 
leader, Verification and validation leader, and Verification and 
validation executioners. The latter group may consist of 
Domain experts, data experts, Modeling and Simulation 
experts, and Software engineers. These actors may belong to 
three different types of organization: Customer, Supplier, and 
3rd Party.  

Brade [16] identifies a number of roles, whereby one 
individual may play different roles, or one role can be shared 
by several individuals: 

• User/Operator: The person who conducts 
experiments with the model. Also responsible for 
specifying the model’s required functionality. 

• Sponsor/Beneficiary: Benefits from the 
simulation (e.g., through extension of the 
knowledge base) and hence, usually the 
person/function/organization funding the project. 

• Simulation Project Manager: responsible for the 
administration and overall project management. 

• System Analyst / Subject Matter Specialist: 
Contributes with domain specific knowledge and 
analysis or prediction of the real/projected 
system’s behavior.  

• Modeling Expert: Knows M&S theory and 
practice, tools and methods. Responsible for 
creation of conceptual and formal models. 

• Programming Expert: Capable of encoding the 
simulation model. 

The dAISy project [17] identifies three major roles for VM 
projects. These are a rearrangement of the roles mentioned 
above: 

• Manager, strategic planner: responsible for 
integrating and developing new methodologies. 
For small and medium size companies this role is 
often dedicated to the vice president of the 
company. 

• Project manager: responsible for ordering/buying 
a simulation. The project manager defines the 
task depending on the project’s comprehensive 
goal. In general, this person is a well-qualified 
manufacturing engineer. 

• Simulation engineer: responsible for the actual 
building of the model. The simulation engineer 
generally also conducts the experimentation on 

 
Figure 4.  Typical phases in a simulation project 



the model. This role is a simulation expert within 
the company or a simulation consultant. 

III. POTENTIAL PITFALLS AND PROJECT SUPPORT 
A. Potential Pitfalls 

Unfortunately, many things can go wrong in a simulation 
project, and one could produce an extensive list of potential 
pitfalls without being anywhere near exhaustive. Some of the 
main pitfalls are listed below: 

• Model building and data-acquisition often take 
more time than planned, which may result in 
“taking shortcuts” during verification and 
validation in order to save time. This can result in 
the wrong conclusions regarding the correctness 
and suitability of the model. 

• The project is ill-defined, or started too 
ambitious. This may result in the simulation 
becoming the goal. Sometimes, simplifications 
are made without realizing that in that case, 
common sense solutions or analytical models 
may work just as well. 

• Data is not scrutinized critically. It is sometimes 
that for any real-life size simulation projects, the 
main three concerns are data, data, and data. 

• The model’s use is extended to address questions 
for which it was never designed [18]. The risk for 
this is especially high if simulation is carried out 
by a handful of enthusiasts in a company who 
seek management support for more widespread 
use of simulation. It could also be due to poor 
documentation of the model’s limitations. 

• An old model is dusted off for later use without 
incorporating the changes that have been made to 
the real system.  

• The simulation is used to prove something that 
was already known. In this case, the simulation 
has no added value. Validation is reduced to 
showing that “the model gives the desired 
answer”. 

• People may draw their own conclusions from the 
animation. Therefore, a simulation engineer 
should be very keen to explain limitations of the 
simulation/animation. 

• Simulation is no replacement for understanding 
or engineering knowledge – if one doesn’t 
understand what you simulate, how can one 
understand the results? A typical pitfall here is to 
extrapolate results beyond the original scope of 
the model. 

• Poor sensitivity analysis. Examples include poor 
analysis of the influence of different data sets and 
parameters on the results, or failure to identify 
areas/ranges of particular interest. A related 
problem is poor knowledge of the length of the 
transient period of a model. 

B. Project Support 
The examples above show that many things can go wrong 

in simulation projects, even when experienced engineers and 
managers are involved. One of the problems that can be 
identified is the lack of simulation project support. This can 
result in an unclear division of tasks/responsibilities and ad-
hoc solutions to organizational issues. Although a number of 
good simulation handbooks exist, these handbooks are not 
suitable for daily support in simulation projects. In order to 
address this problem, the dAISy project was initiated. This 
project was industry-driven and focused on Discrete Event 
Simulation as a simulation tool commonly used in large 
corporate and small to medium sized companies. In the 
project, a common simulation methodology was developed 
and documented in a handbook [17]. 

The handbook is divided into a common section, as well as 
three sections that each focuses on a specific role. Each of the 
latter sections is divided into four main project phases. Thus, 
there are 12 subsections, each containing a full text, summary 
and checklist. The summary and checklists for one role can 
also be useful for the other roles. An important feature of the 
handbook is that it is co-developed by simulation users, 
problem owners and simulation experts, which enhances 
industrial acceptance. 

IV. VERIFICATION AND VALIDATION 
Verification and validation (V&V) are not only two 

important activities in a simulation project, they are also 
important for the credibility of simulation results, as will be 
described later. The purpose of V&V is to demonstrate 
behavioral indistinguishability between the model and its 
associated SoI.  

A simulation model is of no, or limited, use if one does not 
believe in such behavioral indistinguishability. In other words, 
one needs to be able to motivate that the simulation results are 
credible and realistic. Important steps are verification 
(checking the model for errors) and validation (checking 
whether the model produces credible overall results). 
Unfortunately, model building and data acquisition often take 
more time than planned, and in many cases the simulation 
engineer is very keen to start with simulation runs (either 
through fondness with simulation or by pressure from project 
management). Rather often, this goes at the cost of proper 
verification and validation.  

It should be noted however, that 100% validation is not 
possible. There is always some risk that one rejects a model 
that is suitable for its purpose (known as Type 1 Error), or 
accepts a model that is unsuitable or incorrect (Type 2 Error). 
This is partly due to the limitations of human perception. The 
other reason is more fundamental to modeling and simulation. 
If it would be possible to carry out a 100% validation, then 
one would know so much about the SoI that simulation is not 
required. Likewise, it is not possible to test the model 
exhaustively, which means that knowledge about both model 
and SoI is not complete. This means that one must accept a 
certain level of risk, which in turn influences the assessment of 
the model (Fig. 5). 

  



It is good practice, like in software development and 
testing, to separate the model development and the 
verification/validation processes. This separation is good for 
two reasons. Firstly, developers tend to test things that 
required extra attention during development and sometimes 
forget to test more “trivial” things. Secondly, an individual not 
involved in model building is more objective due to the 
absence of an “emotional bond” with the model. 
Unfortunately, in practice it is rather often the simulation 
engineer who carries out the verification and validation. 

REVVA [15, 16] is a methodology for Verification, 
Validation & Accreditation (VV&A) of simulation models 
which stems from the defense industry and which focuses on 
simulation of large, highly complex systems. This 
methodology is summarized and adapted to manufacturing 
simulation in [19]. In the REVVA methodology, a third step is 
added to the verification and validation steps: 
Accreditation/acceptance. This is the decision of certifying 
that a model is correct and valid, or the decision that there is 
sufficient evidence about a model being correct and valid to 
assume that it is correct and valid. In many cases, acceptance 
will suffice, but in some cases a formal accreditation is 
required due to legal or contractual obligations. The REVVA 
methodology distinguishes a number of roles, such as 
contextual user, subject matter specialist, acceptance leader, 
and simulation provider. Individuals may play various roles 
and one role may be shared by several individuals. However, 
according to this methodology, the accreditation/acceptance 
decision may not be made by the simulation provider. 

V. CREDIBILITY OF SIMULATION RESULTS  
Credibility of simulation results is influenced by three 

factors: Credibility of the data, credibility of the model, and 
credibility of the use. 

A. Credibility of the Model 
Verification and validation as described previously give 

perceived indicators of the credibility of a model. Verification 
can be described as the process of trying to establish that the 
model is built right whilst validation is the process of 
establishing that the right model has been built [20]. 
Verification thus results in perceived correctness of the model 
and validation in perceived suitability for the intended 
purpose. Both are important for credibility of the model [28], 
which in turn is important for acceptance of the model and its 
simulation results. Fig. 6 shows the role of verification and 
validation according to Brade [16].  

In Fig. 6, verification and validation are placed on the 
same level. However, proper validation is not possible when 
the verification has not yielded a satisfactory result. For this 
reason, verification should be carried out earlier in a 
simulation project than validation [14, 21]. If the two activities 

would be carried out simultaneously, then validation can at 
best indicate a potential capability and suitability of the model. 
Since an incorrect model can’t be deemed suitable, 
(perceived) correctness that is an output from verification is 
input to the validation process. It should be noted here that a 
crude or simple model may be inaccurate, but nevertheless 
correct. For instance, if the intended purpose was to build a 
model that can give a crude answer to a certain question, then 
a correct crude model probably is more suitable than a detailed 
but incorrect model. The latter may not be suitable for the 
intended purpose. 

Another reason for not treating validation and verification 
as parallel processes is that unsuccessful validation results in 
an iteration loop requiring a new verification [14]. As an 
example, let us consider the case of a simple linear production 
line in which we have three machines called Op10, Op20, and 
Op30 (Fig. 7). Let us assume that according to simulations, 
Op20 should be the bottleneck. However, operators report that 
in reality, Op30 usually is the bottleneck. In this case, one 
might discover that some product types skip Op20 and go 
directly from Op10 to Op30. This means that although 
verification initially yielded a positive output based on the 
information at hand at that time, changes to the model or input 
data must be made. This results in a need for renewed 
verification of the model with subsequent new validation. 

Apart from the obvious requirement that a model should 
be error-free (although in practice, this may be a utopia for 
large complex models), the model needs to be consistent with 
the real system as well as being a complete representation of 
this system. For instance, sub-models need to interact in a 
credible way that is consistent with the real system. Credibility 
(or building credibility) is a stepwise parallel process as the 
executable model must be consistent with the formal model, 
which in turn needs to be consistent with the conceptual model 
and the problem description. 

Whilst validity is an imprecise expression in itself, 
validation refers to behavioral indistinguishability between 
model and real system, and a measure of validity is failure of 
systematic falsification efforts. Capability of the model refers 
to problems that the model can address, for instance parameter 
ranges or output. Fidelity is the degree to which the model is 
judged to be a correct representation of the system for a 

 
Figure 5. Some risk must be accepted  

 
Figure 6. The influence of verification and validation on model 

credibility according to [16] 

 
 

Figure 7. Example of an undocument product routing 



specific intended use [20]. Accuracy refers to the accuracy of 
simulation results and is like the other criteria related to the 
intended purpose. 

B. Credibility of the Data 
The credibility of data (sometimes called “Data Pedigree”) 

not only affects the credibility of the simulation results 
directly, it also indirectly affects the credibility of the model. 
Without credible data, it is not possible to carry out a 
trustworthy validation of the model. This means that even 
when the model is correct in itself, the user(s) will perceive 
the model as having low credibility when they perceive the 
data as unreliable or incomplete.  

Runtime data must be consistent and complete, which can 
be a problem, in particular when part of the data is logged 
manually. For instance, when is an equipment stop reported as 
a breakdown followed by a repair activity? The same pertains 
to historical data used for determination of values (averages 
and distributions) of various performance parameters. For 
instance, different parts of the data may have been logged in 
different systems, or copies of the same data are logged in 
multiple systems. In addition to this, representativeness of 
historical data for current/envisaged operating conditions can 
be an issue, for instance due to changes in the operating 
environment, changes in maintenance policies/strategies, or 
equipment wear. 

C. Credibility of the Use 
The credibility of the use of the model is influenced by the 

DOE credibility, the runtime environment, and the scenario 
completeness. DOE credibility means that have the 
experiments been designed in a way that allows drawing 
conclusions regarding the SoI. Another aspect of DOE is the 
aim to arrive at such conclusions against as little 
simulation/computational effort as possible through a 
systematic approach. For instance, when many simulations are 
required, a simplified so-called “surrogate model” may be 
useful, for instance for simulation based optimization or 
sensitivity analysis (generation of response surfaces). 
Sometimes only a part of a parameter range is of particular 
interest, and a surrogate model may be used to identify this 
range, which subsequently is studied in more detail using the 

“full” model. 

The runtime environment plays a role as for instance, 
random numbers should have low correlation and a long 
periodicity. For distributed simulations, network issues may 
arise. Scenario completeness means that the simulated 
scenarios are a correct and complete representation of realistic 
real-world situations/events, as described in the formal 
problem description. 

D. Overall Credibility 
An overview of factors influencing the credibility of 

simulation results is given below in Fig. 8. In order for 
simulation results to be credible, data, model and model use 
all need to be credible. If one of these has a poor credibility, 
then the overall credibility is low as well. 

VI. A COMPARISON OF VM WITH INFORMATION FUSION 
Information Fusion (IF) can be defined as “Information 

Fusion encompasses the theory, techniques, and tools 
conceived and employed for exploiting the synergy in the 
information acquired from multiple sources (sensors, 
databases, information gathered by human, etc.) such that the 
resulting decision or action is in some sense better 
(qualitatively or quantitatively, in terms of accuracy, 
robustness, etc.) than would be possible if these sources were 
used individually without such synergy exploitation” [22]. 
Much IF research is related to defense applications and civil 
security, especially when it comes to high level IF, but other 
application areas include condition monitoring [23]. What IF 
and VM have in common is that both aim at informed decision 
making. IF and VM deal with data from multiple sources, and 
both aim at addressing a situation within limited time and with 
limited resources. A well-known model emanating from 
defense research, the JDL-U model (Fig. 9), divides IF in six 
levels [24]. The first three levels (0-3) deal with one situation 
or decision, whereas levels 4 and 5 deal with improvements 
over a number of situations and decisions. There is a striking 
similarity with VM, which is described in detail in [25] and 
summarized below. 

Level 0 – Source Pre-Processing. The corresponding 
activity in an M&S project is very similar to that in an IF 

 

 
 

Figure 8. Factors influencing the credibility of simulation results 



process, such as gathering and analyzing data, resolving 
conflicts, and removing multiple entries of the same data. Low 
level data mining can also be executed here to unravel patterns 
i.e. low level relationships between data. Data of less 
significance for the task at hand can sometimes be discarded. 

Level 1 – Object Refinement. The corresponding activity in 
M&S is model verification, i.e. an analysis of whether the 
building blocks of a simulation model are correctly 
implemented. This can be compared to correct identification 
of objects (in the original military IF terminology). 

Level 2 – Situation Awareness. The corresponding activity 
in M&S is model validation, i.e. an analysis of whether the 
model as a whole behaves in a way that is trustworthy. In 
essence, this means that the behavior of the model is 
compared to the behavior of the real system under controlled 
conditions, compared to theoretical behavior (e.g., using 
trends and lower/upper bound analysis), or compared to 
results from a previously validated model (e.g., a model with a 
higher level of detail).  

Level 3 – Impact Analysis. At this level, predictions about 
future states and their impact are made. This similarity is most 
striking for discrete event simulation projects, in which 
different production layouts, different planning solutions, or 
the effects of the introduction of new products or product 
variants can be studied.  

Level 4 – Process Refinement. This level mainly pertains 
to improvements made from one project/scenario to another. 
For VM projects, this means building models of the right level 
of detail, increased insight into which data are crucial and 
which are less relevant, speeding up model building through 
modularization, and so on. Process refinement in VM is thus 
fed by comparing simulation results with actual outcomes of 
implemented solutions, case studies in which alternative 
models over the same system are built, and so on.  

Level 5 – User Refinement. Whereas Level 4 mainly 
pertains to modeling experts and subject matter specialists, 
Level 5 also includes the contextual user. An example of user 
refinement is improved ability to formulate problems and 
specifications for VM projects. Another form of user 
refinement is the creation of trust in simulation projects 
amongst the contextual users. Improved understanding of 
simulation will result in a better and correct use of simulation. 

This yields simulation results that form an adequate and 
dependable basis for informed decision making. 

VII. DISCUSSION AND CONCLUSION 
The aim of this paper has been to discuss the nature of 

simulation and the factors that influence the overall credibility 
of simulation results.  

Simulation can be used in a number of various ways and 
involves the use of a model as a representation of a System of 
Interest (SoI). Verification and validation is the process of 
examining whether the model is a suitable representation of 
the SoI. Ideally, this process is carried out by others than the 
simulation provider. Acceptance or rejection of a model is 
related to the intended purpose of the simulation. Thus, it is 
important that this intended purpose will-defined at the 
beginning of a simulation project. 

A defense research initiative called REVVA describes a 
methodology for verification and validation that is suited for 
large simulation projects. It may be simplified for adaptation 
to virtual manufacturing, for instance the number of different 
roles can be reduced through regrouping of the roles identified 
in REVVA.  

The suitability, or rather: the perceived suitability of a 
model is crucial for the credibility of simulation results. This 
perceived suitability is the result of the validation step. 
Verification with its outcome “perceived correctness” is 
important as well, but is input to the validation process as 
validation makes no sense if the model is not deemed to be 
correct.  

Other major aspects contributing to the overall credibility 
of simulation results are the credibility of the data and the 
credibility of the way in which the model is being used. For 
the latter, human competence is an important factor. It 
includes definition of the problem, developing, implementing, 
and using the model, as well as making informed decisions on 
the basis of the simulation results. In this respect, there are 
similarities with user development as described in information 
fusion research. 
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