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ABSTRACT 

The Design Structure Matrix (DSM) organizational structure quantitative tool was used 

to test and verify if it would really facilitate the rapid visualization of the complex relationships 

between interdependent tasks in a complex project. Large projects from any knowledge area 

require efficient management for their positive evolution. Many small details not provided in 

its elaboration can cause great inconveniences and delays in the course of its progress. 

Therefore, it is extremely important to more accurately predict possible obstacles in the 

relationships between tasks that are dependent on one another. The results showed that, 

despite the limitation of the chains of cause and effect not considered, the use of the DSM is a 

very useful and coherent option to structure the communication and to improve the 

understanding of the organizational matters pertinent to the development of a project of 

extreme complexity. The statistical calculations performed through the Probability Distribution 

Model (MDP) were also efficient to visualize and optimize the execution times of the tasks in 

question. It was possible to determine the scenarios in case of reduced execution time, as well 

as to obtain a higher degree of confidence if the tasks are performed within a timely manner. 

INTRODUCTION 

Methodological organization is a prerequisite for good control of diverse tasks within a 

large project with several areas of knowledge interacting. In higher education public 
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institutions it is common to develop leading research projects in partnership with the private 

sector. The management of these projects is usually carried out by the teachers who make up 

the project and manage their respective areas, one of them being designated as project 

coordinator. In the case of the area in question here, geology, there is no project manager with 

specific experience in the field, and the whole organization is based on past teacher 

experiences and / or following the rules passed by the foundation that controls the project 

budget. In addition, from one project to another, the administrative routine completely 

changes, as the bureaucracy is increasingly complex and dynamic. 

In view of this scenario, the application of well-known project management 

methodologies to organize in a more efficient way and to facilitate the visualization and 

prevention of possible problems within a research project at the UFRGS Geosciences Institute 

was idealized. In order to do this, we used the necessary tasks already known within each of 

the component areas and plotted in the DSM software in order to structure the sequence of 

tasks and visualize the best order of execution of the tasks. After the best execution sequence 

of the tasks was established via DSM, the probability of success of the works was verified 

within a pre-established time, which corresponds to the project's proper deadlines. This 

verification was done using the Probability Distribution Model (MDP) method. When the MDP 

is applied, there is a system for estimating the project completion time, where the execution 

time of the tasks is probabilistic. A project is composed of a sequence of tasks, represented by 

lines in the matrix generated by DSM. Each task has an average execution time and a variability 

(usually represented by a variance). The paths formed must obey the precedence of the tasks 

(tasks must be finalized for others to start). 

Despite the constant changes in the administrative routine that increase exponentially 

the bureaucracy, making it difficult to carry out research, for example, an approved budget 

does not always guarantee the result of the highest quality service so important in advanced 



studies, the feasibility was tested in this work of a methodological optimization to improve the 

time management in this project and in this way reduce, as much as possible, the constant 

losses and delays due to the administrative impediments, so common in the public sphere of 

education. 

Large projects from any knowledge area require efficient management for their 

positive evolution. Many small details not provided in its elaboration can cause great 

inconveniences and delays in the course of its progress. There are several tools (Guide PMBOK 

- PMI, 2016; FRA - Hollnagel, 2012, Cynefin Framework - Snowden and Boone, 2007, among 

others that are not the focus of this article) to predict more accurately and in advance where 

there may be obstacles in the relationships between tasks that are dependent on one another. 

For example, a task 2 can not be started without task 1 being finished, and so on if so. 

In this article we have chosen the Quantitative Design Structure Matrix (DSM) tool to 

be tested and to verify if it really facilitates the visualization of the complex relationships 

between codependent tasks in an academic research project for the purpose of scientific 

improvement and financed by multinational private entities. 

The DSM program came in a work environment where people used arrays to show 

how things were connected to better plan projects. The first publication on the use of DSM 

was in 1982 by Don Steward. In the business environment is used to date to follow, as well as, 

to plan a project (Steward, 2007). This software has an important role in the structuring and 

development of complex projects, elucidating mainly the communication between the 

members who work both in the functional and technical part, as well as in the organizational 

part (Hepperle et al., 2007). DSM is a matrix representation (square matrix that represents the 

relationship between the different elements - tasks - of a project) of a component or system of 

a project, useful for both analysis and management of complex systems. In addition, it allows 

the user to visualize and analyze the dependencies between the activities that make up the 



project (Browning, 2015). Moreover, it is a concise and systemic representation of complex 

processes, facilitating the identification of possible dependencies in the process and describing 

the project in a way that allows its analysis and modification to provide a prescription for its 

execution, with programmed risks and reduced times. , a precise means to manage timelines 

and anticipate risks (Gualberto, 2012). And finally, it appropriately represents simultaneous 

activities allowing the improvement of effectiveness and predictability in complex projects. 

The objective in this work is to predict possible bottlenecks that may delay the 

progress of one or more areas and in this way try to correct the logistics from the beginning, 

thus avoiding too many delays during the project. 

METHODOLOGY 

At first, the tasks of the various areas that make up the project in question were 

basically organized in the DSM software, which are basically seismic, stratigraphy, petrography 

and geochemistry (Figure 1). In academic projects like this one in geology, there is hardly a 

person who specializes in project management with specific knowledge of logistics and 

management. Usually what happens is that it is the scientists in each area who come together 

and try to manage the tasks in the best possible way, delegating project coordination to one of 

them. The tasks of each area are important to each other, so it is vital to map the order of 

occurrence to improve the development of results. 

It was decided to use a "free" version, that is available for free, from the Design 

Structure Matrix (DSM) software downloaded from the site: 

http://www.projectdsm.com/dsm-matrix-software/, which included the based on the group of 

people responsible for each task (Browning, 2001). 

The DSM structuring module organizes information flows, identifies interactions 

between activities, classifies the various types of information dependencies, through 



clustering. To do so, a list of tasks is used as data entry, establishing a flow of information 

between tasks and standardizing the flow of information. A DSM product captures interactions 

between components both within and across clusters (modules). Typically, rows and columns 

in the DSM are ordered to maximize the density of component clusters across the diagonal, so 

clusters encapsulate most interfaces. Clustering has a highly symmetric nature of many spatial 

and structural dependencies between the physical components (Sosa et al., 2007). Therefore, 

clusters represent a set of factors that are completely dependent on each other and their 

identification facilitates the understanding of the group of factors that cause this high 

concentration of dependence. Thus, the manager is able to better understand what causes the 

problems, from which they originate to find a solution, without losing much time, since the 

DSM shows a starting point (Hepperle et al., 2007). Among the results from the analyzes is the 

identification of the cycles and hierarchy between the tasks; differentiation between planned 

interactions and unplanned interactions; identification of unlinked dependencies and critical 

sequence of dependencies and gaps between tasks. 

In this version it was possible to insert the tasks to configure the interdependence of 

the relations between them as will be seen in the results. This software names the tasks as 

elements that are represented diagonally from the resulting matrix generated by the system. 

Thus, all off-diagonal marks represent a dependency between one element and another, that 

is, between one task and another. 

From the structural matrix of tasks generated in DSM, it was developed via Probability 

Distribution Model (MDP), which is nothing more than an implementation of probabilistic 

principles in Excel spreadsheets for modeling. The MDP relies heavily on the Central Limit 

Theorem (Fisher, 2011) which states that "the sum of n individual values tends to follow the 

Normal model of probability distribution, independent of the distribution of n individual 

values." 



The use of the DSM matrix is due to the uncertainties in the timeframes of the tasks 

and, therefore, the time can be described by statistical distribution, or probabilistic execution 

time. As there is not sufficient historical data for a good statistical distribution, estimates were 

formulated based on the experience of who is in the current project. The execution times of 

the activities (te) are used to estimate the completion times (Figure 6) of the paths (Te). 

RESULTS 

The tasks were plotted in the program, establishing also the relations of 

interdependence known initially (Figure 1). The tasks were listed with their respective 

relationships of interdependence, where the column "ID" represents the code of the task 

itself; the column "Seq" represents the order of the lines; the "Name" column the tasks, or 

elements themselves; the column "Input" the origin of the elements; the column "Output" the 

target of the element; and the "Dependencies" column represents the previously known 

dependency relationship between the elements. 

With the data in the program it was possible to generate the first matrix that shows 

the relations as they are at the moment, that is, the previous relationships, without a logistic 

adequacy (Figure 2). 



 

Figure 1. Tasks listed organized with their respective relations of interdependence: ID = code of the task 

itself; Seq = represents the order of the lines; Name = tasks, or elements themselves; Input = origin of 

the elements; Output = the target of the element; Dependencies = the previously known dependency 

relationship between the elements. 

In figure 2 it is possible to see that, in addition to the linear dependencies, that is, 

normal, we have more than one dependency for several tasks. Starting with Task 1 (Receiving 

of digital data) we find that because the first one does not depend on another in this 

organization of the data, it is a prerequisite for Task 2 (Digital data separation). Therefore, it is 

easy to see that Digital Data Separation (Task 2) depends on Digital Data Reception (Task 1). 

You can also identify that all elements have at least one dependency to start, with the 

exception of the first task. In addition, there are elements with more than one dependency 

such as tasks 10, 21, 23, 24, 25, and 27. Element 18, in addition to having a dependence on 

task 15 (Petrol blades) would also provide data for element 17 (Preparation of geochemical 



samples). Below is in detail these relations visualized with this first generated matrix, where 

the numbers (ID) represent the respective tasks described in the matrix: 

 

 

Figure 2. First interdependence matrix generated by the program. 

ID 1= Receipt of digital data = initial step to start work. 

ID 2= Separation of digital data = only starts when data is received; it depends on 1. 

ID 3= Geographic Data Selection = starts after the data of interest has been selected in step 2 

and therefore depends on 2. 

ID 4= Construction of maps of interest = after the geographic data has been selected, it is 

possible to develop the maps of the places where the work of the project will be developed; It 

depends on 3. 

ID 5= Selection of seismic data = depends on the digital data separated for this purpose, and 

therefore of task 2. 



ID 6= Checking seismic data = Checking the validity of seismic data is made soon after they are 

separated in element 5. 

ID 7= Quality control of seismic data = after plotting the seismic data previously selected in the 

previous step, the quality of the seismic data is tested, since not all of them generate a visual 

product compatible with the research objective. 

ID 8=  Insertion of the selected seismic = after the quality seismic data are approved, these are 

sent for use in the project and those that are rejected are discarded, generating the task 

dependency 7. 

ID 9= Seismic analysis = starts only after the validated data will be entered; it depends on 8. 

ID 10= Selection of wells to be described = depends on 4, because it is necessary to delimit the 

study area; and 9, since the description has to add information to the seismic analysis, 

confirming or refuting what was previously hypothesized in the seismic data. 

ID 11= Organizing access to selected wells = in theory a simple task, but because it depends on 

a lot of bureaucracy, since we are dealing with data from public government companies, it 

takes a good amount of time inside the project, but basically depends on the selection of the 

wells (ID 10 ) that will be described and are under the custody of these public companies. 

ID 12= Description of the wells = depends on the release obtained in ID 11. 

ID 13= Sample selection = is made during the description of the wells (ID12), so it depends on 

what is described as interesting to better understand through samples for further analysis. 

ID 14= Sample collection = depends on the selection and is made by the company responsible 

for the wells after finishing the job description. 

ID 15= Making of petrographic slides = made in selected and collected samples (ID 14). 



ID 16= Preparation of palynological samples = depends on which samples have been collected 

and delivered (ID 14). 

ID 17= Preparation of the geochemical samples = depends on the samples that were collected 

and delivered (ID 14) and previously selected by the petrographic analysis (ID 18). Only after 

the petrographic analysis confirm the validity of the previous selection are the geochemical 

analyzes. 

ID 18= Petrographic analysis = depends on the petrographic slides are ready (ID 15) and this 

analysis provides essential information for the preparation of the samples for geochemical 

analysis (ID 17). 

ID 19= Palynological analysis = begins only after preparation is complete, which may take 

several days; It depends on 16. 

ID 20= Geochemical analysis = starts after the samples are ready for analysis; It depends on 17. 

ID 21= Scanning of well descriptions = after the descriptions have occurred and the samples 

have finally been selected, all of these data are scanned to be inserted into appropriate 

software; It depends on 12 and 13. 

ID 22= Stratigraphic interpretation = after the digitization of the descriptions (ID 21) it is 

possible to visualize the set of wells and to have a more grounded interpretation of the study 

area. 

ID 23= Seismic interpretation = after the seismic analysis has been performed (ID 9), the 

stratigraphic interpretation (ID 22) is used to corroborate the initial ideas. 

ID 24= Compilation of results = joins all results from all areas of the project into one software; 

depends on the IDs 4, 9, 18, 19 and 20. 



ID 25= Interpretation of assembled results = depends on the individual interpretations of each 

area of knowledge within the project, so it depends on 18, 19, 20, 22 and 23. It can be done via 

software that stores all the data, but not necessarily. 

ID 26= Conclusion of the research = will be done after the interpretation of the gathered 

results, that is, it depends on 25. 

ID 27= Modeling of the system = after the interpretation of all the collected data and with the 

conclusion about the study, a specific software is used to model in 3D the environment that 

generated this data. 

Identifying the interdependence relationships between the tasks (Figure 2), we 

organize the elements into clusters (Figure 3). 

 

Figure 3. Grouping of elements in the matrix generated by the system. 

 

Five clusters were identified representing a set of factors that are completely 

dependent on each other according to the system. These clusters would represent groups that 

have high dependence, that is, they depend on a greater number of tasks to be started. It is 



worth remembering that the order of grouping in the matrix does not necessarily represent 

the order of events, but rather the relationships "columns x rows", ie "dependencies x tasks". 

For a better understanding of the relationships of the clusters, each group was named 

as follows and its representation is in figure 4: 

Cluster 1 = Geochemistry = only two elements depend essentially on sample preparation 

specifically for geochemical analysis. 

Cluster 2 = Seismic = is the second largest cluster, because there are ten dependent elements. 

It includes the selection of data of interest both for the seismic area itself and for the area of 

geographic mapping, of which seismic is also used. 

Cluster 3 = Modeling = are two elements that depend essentially on the gathered results 

interpreted. 

Cluster 4 = Palynology = two elements depend essentially on the preparation of samples 

specifically for the palynological analyzes.                 

Cluster 5 = Stratigraphy and Petrography = is the largest grouping, since eleven elements 

depend essentially on the same factors as the description of the wells and sample collection. 



 

Figure 4. Specific name of the groupings in the matrix. 

 

Analyzing the formed clusters we can observe that Clusters 2 and 5 have a greater 

number of dependent factors to function. Only with this initial observation can we visualize 

that these two groups will require more care because there is a greater probability that their 

tasks have suffered a chain delay if there is a problem with one of the connected elements. 

In a second analysis, we observed that some elements of Cluster 5 (25, 24 and 21) 

would require more attention because there is more than one dependent factor. For example, 

in Group 5 (Stratigraphy and Petrography), element 25 (Interpretation of results), we find that 

there is a fundamental dependence on tasks 23 (seismic interpretation) and 22 (stratigraphic 

interpretation), and secondary dependence on tasks 19 (Palynological Analysis) and 20 

(Geochemical analysis). Just as it is possible graphically to visualize that task 25 provides data, 

or can change the data, for element 21 (Digitizing well descriptions). The information 

visualized in the matrix is in agreement with the reality of this case, therefore they are 

important observations to be taken into account in the time to organize the project of this 

study. 



After grouping, the program rearranges the elements (Figure 5), suggesting the 

sequential form of the tasks in the least problematic way possible, that is, preventing future 

delays in the execution of the work that would be developed. 

 

Figure 5. Second matrix with the most efficient array of tasks suggested by the system. 

 

 The new organizational matrix (Figure 5) suggested by the system includes five 

changes described below that can be compared with the first generated matrix (Figure 2): 

- Among elements 14 and 15, 21 was included, so after digitizing (14) the digitization of well 

descriptions (21) is suggested. The change is consistent since there is no need to wait from 

tasks 15 to 20 to start work 21. 

- After element 16, the 17 would be removed, including the 22 and maintained the 18 after the 

22. Here the indication is that the Stratigraphic Interpretation (22) comes after the Preparation 

of the palynological samples (16) and follows with the Analysis (18) in order. In this case, there 

is no real dependence, since nothing prevents a stratigraphic interpretation right after task 21. 

This suggestion may have occurred because of a lack of information about who, or how many 



people are available for each task, that is, there is a limitation in causes and effects within the 

program. 

- Between elements 19 and 20 tasks 23 and 17 were included, in this order, only to move on to 

element 20. Then, after the Palynological Analysis (19), the Seismic Interpretation (23) 

followed, followed by the Preparation of (17) to start the geochemical analysis (20). This new 

arrangement is coherent only in part because again the personnel who will do task 23 is 

different from what will perform at 19 and different from 20, so there would be three different 

groups of people who could even work together. However, it is consistent that task 20 only 

starts after 17, and task 19 provides information for 23, as well as 23 for 20. 

 Then, the DSP was idealized in DSM and the MDP was applied for data estimated with 

the following totals (Table 1): m (average of estimated time for tasks) = 144.25 days ; a (most 

optimistic estimate of time to complete tasks) = 76 days; b (most pessimistic estimate of time 

to complete tasks) = 201; Te (sum of activity execution times, or total completion time) = 

142.33; s² (sum of the variances of the tasks) = 24.1389. Then, the reduced variable (Z) was 

calculated that is nothing more than the magnitude of the sum of the variances in relation to 

the sum of the total mean time. 

 

 

 

 

 

 

 



TAREFAS m a b t(e) s² 

1 7.75 1 15 7.8333 5.4444 

2 7.75 1 15 7.8333 5.4444 

3 7.00 5 10 7.1667 0.6944 

4 2.25 1 5 2.5000 0.4444 

5 2.00 1 5 2.3333 0.4444 

6 12.50 10 15 12.5000 0.6944 

7 6.25 1 10 6.0000 2.2500 

8 3.00 2 5 3.1667 0.2500 

9 7.00 5 10 7.1667 0.6944 

10 1.75 1 2 1.6667 0.0278 

11 2.25 1 3 2.1667 0.1111 

12 13.00 7 15 12.3333 1.7778 

13 1.00 1 1 1.0000 0.0000 

14 2.50 1 5 2.6667 0.4444 

21 4.75 3 7 4.8333 0.4444 

15 4.00 1 5 3.6667 0.4444 

16 2.25 1 3 2.1667 0.1111 

22 4 1 5 3.6667 0.4444 

18 8.25 5 10 8.0000 0.6944 

19 3.75 1 5 3.5000 0.4444 

23 8.25 5 10 8.0000 0.6944 

17 1.5 1 2 1.5000 0.0278 

20 4.25 2 5 4.0000 0.2500 

24 3.75 1 5 3.5000 0.4444 

25 2.25 2 3 2.3333 0.0278 

26 13 10 15 12.8333 0.6944 

27 8.25 5 10 8.0000 0.6944 

  144.25 76 201 142.3333 24.1389 
Table 1. Data plotted in days for each task listed in the DSM matrix. 

Finally, it is verified the probability of completing this sequence of tasks in a considered 

time. It starts with six months, or 180 days (Table 2), randomly estimated working time, based 

on previous project experiences, of Deadline (DL) and the mathematical result shows that 

there is 100% probability (P) of completion. 

DL 180 DIAS 

CT 142.3333 
 VT 24.1389 
 Z 7.666524907 
 P 1 
 Table 2. Verification using the 180-day deadline. 



 

However, looking better at the path suggested by DSM, it is possible to optimize the 

execution of all tasks by reducing this time to 143 days with a 55% probability of completion 

(Table 3). 

DL 143 DIAS 

CT 142.3333   

VT 24.1389   

Z 0.135690706   

P 0.553967102   
Table 3. Verification using the term of 143 days. 

 

  Tentatively we were trying to reduce time keeping the probability of completion very 

close to 100% as shown in Tables 4, 5 and 6. As we can see when we passed the completion 

time to 150 days (Table 4), the probability that this would occur effectively is 94%. Passing this 

time to 155 (Table 5) days the probability increases to 99.5% and to 160 days (Table 6) 

increases to 99.9% the chances of completing the task sequences in this period. 

DL 150 DIAS 

CT 142.3333   

VT 24.1389   

Z 1.560443123   

P 0.940672399   
Table 4. Verification using the term of 150 days. 

DL 155 DIAS 

CT 142.3333   

VT 24.1389   

Z 2.57812342   

P 0.995033074   
Table 5. Verification using the 155-day deadline. 

DL 160 DIAS 

CT 142.3333   

VT 24.1389   

Z 3.595803717   

P 0.999838304   
Table 6. Verification using the term of 160 days. 



 

Therefore, there is a probable reduction of 20 days of the initially estimated period for 

execution of the sequence of tasks with a probability of completion of almost 100%. 

CONCLUSIONS 

The results of this study presented here show that, despite the limitation of cause and 

effect chains not considered as, for example, resources available to perform each task 

described, the use of DSM is a useful and coherent option to structure communication and 

improve the understanding of organizational issues relevant to project development. It has 

been shown that the use of this program can elucidate connection patterns between factors 

that influence communication, and can thus be an initial point for reflection of the action on 

particular processes. With clusters, the system quickly pointed out that in the event of a factor 

change, special attention should be paid to the more directly linked factors. Moreover, the 

system provided a graphical visualization, through the generated matrices and groupings, that 

facilitated a more rapid understanding of the complex relationships between dependent tasks, 

increasing the transparency within the network. The generated matrix actually considered the 

connected factors that would impact the communication in the development of the project, 

reducing the uncertainties even before initiating it and enabling a more agile previous logistics. 

The statistical calculations performed through MDP were also efficient to visualize and 

optimize the execution times of the tasks in question. It was possible to determine the 

scenarios in which it is necessary to reduce the execution time to a minimum of 143 days, as 

well as to obtain a higher degree of confidence (99%) if the tasks are carried out within a 

successful period of 160 days. These time frames visualized in the simulations are much better 

than those previously used, 180 days, which were estimated qualitatively. 



Therefore, the union of the matrix methodologies of the DSM and MDP proved to be 

effective for visualizing and optimizing the interdependent tasks in a large research project in a 

public higher education institution. 
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