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IPG as a New Method to Improve the 
Agility of the Initial Analysis of the 
Inventive Design 
 
TRIZ method has long proven its value without appearing to the industrial 

world as inevitable. Design researchers have therefore addressed the limi-

tations of the TRIZ method and have overcome them with more systematic 

approaches. Among these, the Inventive Design Method (IDM) has been 

the subject of several articles and put into practice in the industry. It is 

considered an improvement over TRIZ but still suffers from some 

drawbacks in terms of the time-consuming nature of its implementation.  

We focused on the IDM process by trying to both identify its areas of 

inefficiencies while attempting to preserve the quality of its deliverables. 

Our approach consists of applying the precepts of Lean to IDM. The result 

is the Inverse Problem Graph (IPG) method, inspired by IDM, but offering 

significant progress in reducing the time required to mobilize experts while 

preserving its inventive outcomes. This article outlines our approach for 

the construction of this new method. 

 

Keywords: Inventive design, Systematic innovation process, TRIZ, 

Complex problem, Lean theory, Root contradiction analysis, Root causes 

analysis, Initial analysis. 

 
 

1. INTRODUCTION 

 
In recent decades, many companies have been 
competing on improving innovation cycle time because 
of its importance to their success [1][2]. There are many 
examples in today’s competitive world that highlight the 
importance of time in innovation. Among them, we can 
mention the recent emergence of the coronavirus case, 
called COVID-19, whose rapid international and 
national spread caused a global health emergency [3]. 
Indeed, in this case, pharmaceutical companies show 
that they do not have an adequate speed to respond to 
the world’s urgent need.We can also mentionthe time- 
consuming bio-inspired design projects such as the 
innovative design of knee protectors[4], development of 
miniature robots [5], or commercial aircraft perfor–
mance improvement [6]. The designers in these types of 
projectscould overcome this drawback by adopting 
systematic approaches such as TRIZ. 

GenrichAltshuler developed TRIZ or Theory of 
Inventive Problem. This approach states that any 
problems encountered by designers  in their projects 
have probably also been dealt with by other designers 
[7]. TRIZ could contribute to reducing the amount of 
time needed to reveal an optimal solution and launch a 
new product [8]. However, the application of the 
classical TRIZ method in the R&D departments has 
several limitations [9]. The first is that it does not 
provide any methods to formulate the problems in the 
initial situations. Secondly, TRIZ does not offer any 

means to lead its users to select the best solutions 
among those proposed. As a third limitation, TRIZ does 
not also provide an accurate way of revealing a 
contradiction. Finally, there is no complete description 
of its components and the relationship between them in 
TRIZ’s body of knowledge. To overcome these limita–
tions, researchers have developed numerous frame–
works, among which the Inventive Design Methodology 
(IDM) can be mentioned.  

 
1.1 IDM’s Drawbacks and the Proposal to solve 

them 

 
IDM is a framework that has been developed to solve 
the limitations of TRIZ and to complement its body of 
knowledge with other theories such as Pugh’s theory or 
graph theory [10]. This framework consists of the 
following phases [11,12]:    
1. Initial Analysis phase: In this phase, at the outset, 

the designers should gather all the relevant 
knowledge from internal documents and patents, 
tacit expert’s know-how, and other documents 
related to the subject. Then, the accumulated 
knowledge should be transformed into a graphical 
model to facilitate decision-making [10]. For this 
purpose, it is possible to apply the methods such as 
Problem Graph, Network of Problem (NoP), and 
Root Conflict Analysis (RCA+). 

2. Contradictions Formulation phase: In this phase, the 
designers could apply several methods to formulate 
the contradictions, which are technical and physical 
issues in a system [9,13]. 

3. Solution Concept Synthesis phase: In the third 
phase, the designer applies different TRIZ tools to 
solve physical and technical contradictions  [14,15].  
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4. Solution Concept Selection phase: In the last phase, 
the experts should weigh the concepts in order to 
measure the impact of each concept. To this end, 
they could apply an evaluation grid to select the 
most relevant concept [10].   
Nevertheless, one of the criticisms often leveled is 

that this approach does not have the necessary agility, 
and it is time-consuming [16-18]. This is mainly due to 
the implicit research in each study to construct a 
complete map of a problem situation by interviewing 
experts involved in the study and extracting all their 
knowledge, regardless of how effective it is in solving 
the problem. This stage leads to lots of contradictions 
that only some of which are used in the final phase to 
obtain the solution [19]. Therefore, it was necessary to 
combine IDM with other methodologies that give its 
process the characteristics of an agile methodology, 
including the capacity for iterative development and the 
capability to generate a rapid and flexible response to 
change [20]. One such methodology is the Lean method. 

The origin of the lean theory can be found in the 
practices of the Toyota Motor Corporation in the 1950s 
[21]. Nevertheless, its introduction into the world of 
business was through books such as [22] and [23]. 
These books focused on the manufacturing aspect of the 
business. However, their authors emphasized on the 
implementation of the same principles in other indus–
trial sectors, such as innovation, in order to eliminate 
non-value-adding activities within a process to achieve 
excellence [24]. Hence, in [19], the authors applied 
Lean principles to IDM. 

The authors in [19] did not go into the details of an 
operational functioning method. Therefore, in this 
article, we show how to apply these Lean principles to 
optimize IDM. This article displays this application, and 
aims to increase the agility and efficiency of the initial 
analysis phase of IDM. To do so, we were inspired by 
the third and the fourth principles of Lean, which 
suggest identifying possible solutions to create a flow 
and a pull stream of information between the stages of 
the process, to develop our proposal to formulate the 
problem situation in the initial analysis phase of IDM. 

The rest of the paper is organized as follows. In 
Sect. 2, we present the relevant literature review. 
Subsequently, Section 3 displays the structure of the 
proposed method and its steps. In Sect. 4, a case study is 
presented in which the proposed method is applied to 
introduce a new way of observing the COVID-19 
situation in order to formulate the related problems and 
to suggest relevant candidates of solutions, proposed by 
other medical specialists, by applying TRIZ tools. In 
Section 5, we make a comparison between our method 
and other techniques with the ability to formulate the 
problems. Then, Section 6 presents the discussion, and 
reports the conclusion and suggestions for future work. 

 
2. OVERVIEW OF ACTUAL STATE OF THE ART 
 
2.1 Initial Situation Analysis methods 

 
As we mentioned previously, initial analysis is a phase 
that involves gathering all the group’s knowledge to 
construct a map of the problem by applying a variety of 

methods. In the state-of-the-art, we identified two 
groups: 1) Cause-searching-based methods, and 2) 
Effect-searching-based methods.  
 
2.2 First group: Cause-searching-based methods 

 
The existing methods in the first group are applied to 
identify the causes related to the selected problem in a 
system. These methods are attached to the following 
sub-groups: 1) Non-illustrator of contradictions. 2) 
Illustrator of contradictions.   

The first sub-group comprises the methods such as 
Cause-Effect Chain Analysis and Ishikawa [25][26]. 
These methods cannot reveal the contradictions. For this 
reason, the designers, particularly those looking for 
innovative solutions, require the methods in the second 
sub-group. 

The second sub-group is related to those methods 
with the ability to represent the contradictions. These 
include Root Conflict Analysis Plus and Cause-Effect 
Chain Analysis Plus, described in below. In inventive 
design, we need to overcome the contradiction in a 
complex problem. Hence, we focus on this category. 

Root Conflict Analysis Plus (RCA+) could eliminate 
the difficulties of extracting contradictions [27]. Its 
process begins with the vague statement of a problem, 
located on top of the diagram. RCA+ uses several rules 
to parse this vague statement [28]. Unlike classical 
RCA, the designers do not use the why-question, which 
could also show the objectives, to identify the causes. 
Instead, they apply the question “What is the cause?”, 
showing the object, its feature, the physical parameter 
related to an object, and the action which is responsible 
for producing the problem [27]. The resulting cause, in 
response to the “what” question, could have a negative 
effect, and so on. If the identified cause leads to a 
positive effect, along with its negative effect, it is 
known as a contradiction in the RCA+ diagram. Once 
the identified cause has only a negative effect, the chain 
of the cause will be explored downward until appearing 
a contradiction [27]. A cause could be written as a 
sentence, presenting the condition of a parameter of a 
system, a description of a function, and a radical change 
of system [27]. In the structure of RCA+, we can find 
four types of causes: 1) A cause with a negative effect, 
which should be eliminated. 2) A cause with a positive 
effect, which does not need to be changed. 3) A cause 
with a positive-negative effect, which shows the contra-
diction in the system. 4) An unchangeable cause [27, 
28]. After completing the first chain, the designers 
continue the process for other problems with a negative 
effect in the diagram until discovering all potential 
causes. A designer stops the development of a chain of 
causes in the following situations: 1) an unchangeable 
cause, which could not be changed for the reason like 
laws of nature, weather conditions, local and internati-
onal policies, legal obligations. 2) A cause with a 
positive and negative effect, showing the contradiction. 
3) A cause beyond control [27,28]. Figure 1 shows an 
RCA+ related to a project. The RCA+, showing the 
contradictions, could play an important role in presen-
ting a problematic situation. This method could also 
provide direct input for the contradiction resolution 
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techniques in the next phases of inventive design [27]. 
Nevertheless, a designer should create all chains of 
causes in the initial analysis phase, without paying at-
tention to their utility in the solution stage. Additionally, 
this method does not merge the solution directions into 
its main structure. This is why a method such as Cause-
Effect Chain Analysis Plus has been suggested. 

 
Figure 1. A project which applied Root Conflict 
Analysis(RCA+) to formulate the problem [29] 

Lee et al. introduced the Cause-Effect Chain 
Analysis Plus (CECA+) method. This method has a 
development trend quite similar to RCA+ [30]. Figure 2 
shows part of a CECA+ diagram. Although this method 
could demonstrate the contradictions, it ignores the 
waste of time in formulating useless chains of causes. 
Furthermore, this method could not show solutions that 
could partially solve the problems. The reviewed 
methods in the second group could solve the last 
drawback by adding partial solutions to their structures. 

 
Figure 2. Part of a Cause-Effect Chain Analysis Plus carried 
out for a project  [30] 

2.3 Second group: Effect-searching-based methods 

 
The second group is related to those techniques and 
methods used to investigate the effects of initial 
problems. In this group, we could find the Network of 
Problems (NoP) and Problem Graph. 

NoP has been developed in the  OTSM-TRIZ frame-
work theory to help designers to break down an overall 
problem into a set of sub-problems, which are easier to 
solve [31,32]. A NoP organizes related knowledge to 
the problem situation and could help to solve a 
contradiction [31]. However, its original version did not 
provide a clear definition of the nodes, which constitute 
its main structure [31]. Additionally, due to the method 
guide, designers should start projects with a complex 

problem, being overly general, which causes an 
excessive expansion of the network of problems and 
designer's confusion. For solving some of the drawbacks 
related to NoP, researchers proposed other methods, one 
of which is the problem graph method. 

The problem graph method has been introduced in 
the framework of Inventive Design Methodology [33]. 
This method demonstrates a connection between a large 
set of problems and partial solutions, resulting from a 
problem situation. According to the definitions 
presented for the components of the  problem graph 
structure, a problem is a sentence that describes an 
obstacle, barricading the achievement of objectives 
[11,33]. A set of interrelated problems, sufficient to 
describe the main problem situation, is defined as the 
problem space [17]. Considering the same definition 
provided for the structure, a partial solution explains the 
knowledge of the members of the design team  about a 
patent or upon their experiences [11,33]. A set of partial 
solutions related to problem space forms partial solution 
space [17]. As shown in Figure 3, a problem graph can 
graphically represent a problematic situation. Further-
more, it presents a formal definition of its main compo-
nents, constructs its structure. However, to create a 
problem graph, it is necessary to dedicate a lot of time 
collecting information at the beginning regardless of its 
usability at the end of the project. 

 
Figure 3.  Problem Graph Application for formulating 
problems [33] 

As we have seen, most of the analyzed methods in 
the literature review do not take into account the time 
spent gathering the group's knowledge, which is 
sometimes useless to map a problem situation. As a 
result, it was necessary to apply complementary 
approaches such as Lean to improve the agility and 
performance of the method. 

 
2.4  Lean Theory 

 
Lean theory was introduced into the business world 
through the books [22] and [23]. The authors of these 
books emphasized that Lean principles could be 
implemented not only in the manufacturing aspect of the 
business but also in different industrial sectors to 
eliminate various types of waste within these sectors 
[21] . This theory has classified seven forms of waste as 
follows: 1) Generating more than required. 2) Products 
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or information that could not meet the expectation. 3) 
Unnecessary raw material, work in process, finished 
stock storage, and delay of products or information. 4) 
Unnecessary process steps. 5) Movement of information 
and products with no added value. 6) Waiting time for 
information, people, or products. 7) Poor workplace 
structure , causing a loss of items [34][35]. Lean 
proposes a set of principles and techniques to 
continuously remove different waste during the process 
to increase its efficiency and agility. Nevertheless, to 
eliminate waste and deliver improvement beyond the 
boundaries of manufacturing, it is necessary to 
understand five Lean principles. These principles are as 
follows [36]:  
1. Value definition: it implies that it is necessary to 

get rid of activities that use resources but cannot 
create value.  

2. Value-stream specification: it is essential to 
highlight non-value added activities within a 
process.  

3. Making a value-stream flow: the process should be 
optimized in order to obtain a flow of information 
and raw material.  

4. Producing while taking requirements into 
consideration: it is essential to produce by 
considering the requirements.  

5. Monitoring for waste products regularly: Waste 
removal must be constant.  

 
2.5 Application of the Lean principles into IDM 

 
In this article, the Lean principles, particularly the third 
and the fourth one, encouraged us to develop a method 
for the initial analysis phase that gives the 
characteristics of agile methodologies, such as iterative 
and evolutionary development, to IDM. For this pur–
pose, we firstly analyzed the result of the research of 
[19], in which the authors highlighted the Value Added, 
Non-Value Added activities related to the phases of the 
IDM framework, to understand the drawbacks of each 
phase. The authors in their analysis showed that desig–
ners should collect and analyze all the data and partial 
solutions without paying attention to their use in the 
solution step. In the contradiction formulation phase, 
they also looked at the same problem that designers for–
mulate, all the contradictions that are sometimes use–
less. Their analysis also demonstrates that designers use 
only some of the collected problems, partial solu–tions, 
and the formulated contradictions in the solution phase.  

The third and fourth principle of Lean suggests to 
optimize the process by creating a flow and a pull 
stream of information between the phases of the 
process. Accordingly, we considered that it is essential 
to start the process of inventive design from a problem 
that could connect the designers to the most appropriate 
solution. Hence, we realized that if the designers 
formulated the problems from the lower-level of a 
problem situation instead of the upper-level, they could 
avoid collecting many useless problems and partial 
solutions. Accordingly, by integrating the best features 
of the methods with the ability to illustrate the 
contradictions, we suggested a new method, which 
extends the chains of problems and partial solutions in 

the opposite direction of the analyzed methods. In the 
next section, we will introduce this method. 

 
3. PROPOSED METHOD: INVERSE PROBLEM 

GRAPH (IPG) 
 
3.1 Notions of the IPG components 

 
The Inverse Problems Graph (IPG) includes the follo–
wing types of entities, shown graphically in Figure 4: 
1. Problem: In IPG, a problem is a sentence that 

represents a barrier, preventing the fulfillment of 
what has to be done [37]. The construction of this 
sentence could be as such: 

• Subject + Verb + additional information, describing 
the situation.   

2. We proposed five types of problems for the structure 
of IPG, as Figure 4 illustrates:  

a) Initial problem: It is a problem at the first level of 
the graph. This problem is defined according to the 
objective of the project.  

b) Harmful problem: It is a problem that has a harmful 
effect on the system, removed from the system by 
eliminating the contradiction [30][38]. This 
problem causes the initial problem or another 
harmful problem. In the event of such a problem, it 
is essential to pursue the chain of causes to reach a 
harmful-useful problem. 

c) Harmful-Useful problem: This is a problem that is 
both harmful and useful to the system. If a problem 
contains such ambiguous aspects, both seemingly 
beneficial and harmful for the system, this signifies 
that the problem should be reformulated as a Partial 
solution to become the center of a 
contradiction[30][38]. 

d) Source of a partial solution: It is a problem that 
causes the partial solution. This problem is located 
at the end of the contradiction.   

e) Out-of-capacity problem: There are some problems 
that are harmful, but the designer does not have the 
ability to eliminate them.  

3. We adopt the partial solution proposed by[37]: A 
phrase that expresses the knowledge of the members 
of the design team about a registered patent or their 
experience. The structure of this phrase could be as 
follows:  

• Infinitive + additional information describing the 
situation 

4. We also use the parameters or notions proposed in 
[39]: the classification of the existing parameters in 
IPG’s structure is as follows:  

a) Evaluation parameters: These are the parameters 
that give the designers the capacity to evaluate their 
design choice. In IPG, a problem gives rise to 
evaluation parameters.   

b) Action parameters: They are parameters whose 
nature lies in the capacity of state modification. 
Each partial solution in IPG could result in this kind 
of parameters. 

5. Level: The level specifies the location of the 
problem and partial solution in the IPG hierarchy, by 
considering that the direction of movement in the 
graph is from left to right or from initial problem to 
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right. As Figure 4 shows, there are three types of 
levels as these include:   

a) Effect-Level: The level that is before the selected 
level in the graph. 

b) Cause-Level: The level that is after the selected 
level in the graph. 

c) Selected-Level: The current level of problem ana-
lysis. 

6. Iteration: The number of entries in the IPG, to 
choose a contradiction, is called iteration. In Figures 
5 and 6, you can see the Lean-Agile IDM framework 

(LA-IDM) with IPG (Figure 5) and the Inventive 
Design Methodology (IDM) with other discussed 
methods in the literature review (Figure 6). The 
Lean theory and its integration into the IDM 
framework led us to add this notion to IPG's 
structure, and we proposed a new framework for 
inventive design, called Lean-Agile Inventive 
Design Framework. In the following, we introduce 
the steps of IPG, which belong to the first phase of 
the LA-IDM framework. 
 

 
Figure 4. Different types of problems and levels in IPG  

 
Figure 5. LA-IDM with Inverse Problem Graph 

 

Figure 6. IDM with other discussed methods in the 
literature review 

3.2 Inverse Problem Graph (Ipg) 

 
Our proposed method consists of three phases. In the 
first phase, the Inverse Problem Graph method helps to 
perform initial analysis of the problem situation. The 
second phase refers to the formulation of the 
contradiction by applying the given parameters of step 7 
of the IPG. The applied tool in this phase is called poly-
contradiction template [9]. In the third phase, designers 
apply TRIZ methods such as contradictions matrix and 
inventive principles to solve the formulated contra–
diction. In this paper, we will focus only on the first 
phase (Phase 1), which consists of 7 steps in the IPG, as 
Figure 7 shows. These steps are as follows: 

Step1: Define the aim of the project: This step is 
related to the determination of fulfilling the objective of 
the project. What a designer wants today, respecting 
actual constraints.   
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Step 2: Define the initial problem of the IPG: The 
designers define the initial problem by considering the 
objective of the project. 

Step 3: Find related problems to the initial problem: 
In the third step, the designers determine the problems, 
which cause the initial problem. In order to determine 
them, designers could simply ask the question, "What 
problems in the Cause-Level cause the initial problem?" 

Step 4: Grade problems in terms of importance: The 
designers should verify the degree of importance of 
each problem, by asking “What is the problem at the 
borderline of the company’s activities?” Additionally, 
they should check its profit for the company, by asking 
“Which problem can bring the most profit, while 
minimizing costs?” In each iteration, the designers 
should accept the most important problem by 
considering the answer to the questions. 

 
Figure 7. Process of Inverse Problem Graph  

Step 5: Determine the type of the selected problem: 
The designers determine the type of the chosen problem 
in the previous step by considering the notions existing 
in the structure of the IPG.  

(a) If the selected problem was a Harmful-Useful 
problem, (i) it is essential to convert the Harmful-Useful 
problem to a partial solution. (ii) Subsequently, the 
designers should answer the question: “What problems 
in the Cause-Level cause this partial solution?” to 
identify the source of partial solution (causes of partial 
solution). (iii) In the following, if the designers need to 
discover the root causes of the contradiction, they could 

apply the following question: “What problems at the 
Cause-Level lead to the source of partial solution?” 

(b) If the selected problem was a Harmful problem, 
(i) it is essential to determine the related causes of 
Harmful problems by answering the question: “What 
problems at the Cause-Level lead to this Harmful 
problem?”. (ii) After identifying the potential causes, 
the designers should go back to step 4 of the process to 
grade them. 

Step 6: Extract the illustrated contradiction of the 
selected problem from the graph: In this step of the IPG, 
the designers have to extract the illustrated contradiction 
of the selected problem from the IPG graph. We should 
remember that, in each iteration, the designers could 
select just one contradiction to receive a flow of 
information. 

Step 7: Assign the appropriate parameters: Finally, 
the designers should respectively assign the evaluation 
and action parametersto the problems and partial 
solution, forming the structure of the extracted 
contradiction. 

 
4. APPLICATION OF PROPOSED METHOD TO 

COVID-19 CASE STUDY 

 
In this section, in order to illustrate the operation of the 
proposed approach in a pedagogic way, we decided to 
rely on a current international situation, that of COVID-
19, of which we are not experts, but whose elements 
allowing the characterization are eminently 
multidisciplinary and whose sources abound in the 
literature review. Prior to the confirmation of this topic, 
as a case study, there was a discussion among the 
members of our laboratory, concerning the fact that this 
case is a medical case, and whether we should apply our 
proposed method to such topic. The reason for this 
argument is related to the needs of patients, infected 
with the new 2019 coronavirus, to medical and health 
specialists for their treatment.  

As a result, we can know about this virus and its 
case as an industrial topic, although this industry needs 
medical professionals to determine the potential causes 
and to discover the appropriate solutions. It was also 
suggested that we propose our solution, which was not 
satisfactory for a case study in this paper. Our objective 
in writing this paper was to show IPG's capabilities in 
formulating a problem situation. That is why we chose 
COVID-19 as our case study. 

The “COVID-19” virus, whose rapid spread is 
causing a global health emergency, was first detected in 
December 2019 [3]. The COVID-19 case study aims to 
identify the causes that make the virus the enemy of 
humanity in a short period of time, and to propose the 
solutions suggested by other health specialists. For this 
purpose, we applied IPG to formulate the contradictions 
and to solve them by implementing TRIZ methods. In 
what follows, we explain this application for this case 
study. 

The first phase of the proposal was related to the 
initial analysis of the problem and the creation of its 
Inverse Problem Graph (IPG). This phase includes the 
following steps: 
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Step1: We defined “To propose some treatments for 
COVID-19 virus” as the objective of the project, consi-
dering that this virus has increased patient mortality 
worldwide [40].  

Step2: We need to determine the initial problem 
based on the objectives. Hence, we have defined 
“COVID-19 has fatal consequences on humans” as the 
initial problem. 

Step3: We determined all the Harmful and Harmful-
Useful problems associated to the initial problem by 
asking the question: “What problems in the Cause-Level 
cause the initial problem?” As a result, we found the 
following problems and causes through the research that 
we conducted in the articles on this topic. Firstly, 
“COVID-19 damages the human heart due to the high 
expression of ACE2 in this organ ” [41]. Secondly, it 
mentions the problem “COVID-19 damages the neurons 
in the brain” [42]. And  thirdly, it was the problem 
“COVID-19 causes lung injury” [43]. Figure 9 shows 
these problems. 

Step 4: We need to grade the problems found and 
select one of them, which was the most important. 
Therefore, the problem “COVID-19 damages the human 
heart due to the high expression of ACE2 in this organ” 
was selected, showed in the red rectangle in Figure 9, 
because, according to [44], cardiac injury is a prominent 
feature of COVID-19, which occurs in 20 % - 30 % of 
hospitalized patients and leads to 40 % of deaths . 

Step5: We need to determine the type of problem 
selected. Based on the notions presented for the IPG 
structure, we have concluded that the selected problem 
is a Harmful problem. Hence, it was necessary to find 
the causes of this Harmful problem at the Cause-Level 
of the diagram. Considering the research on the subject 
COVID-19, we obtained the following problem: “The 

patients use drugs for cardiovascular diseases, which 
increase ACE2, to treat heart diseases” [45], which is a 
Harmful-Useful problem. Consequently, we converted it 
to the partial solution “To use cardiovascular drugs, 
which increase the levels of ACE2, to treat heart 
diseases”, as Figure 8 shows. Then, the source of the 
partial solution was determined as follows: “Patients 
suffer from heart disease”. Figure 9 shows the IPG in 
the first iteration of our case study. 

Step 6: The illustrated contradiction of the most 
important problem in the diagram was extracted, as 
Figure 10 shows. The figure shows a contradiction 
between the ability of the heart to perform its intended 
function and the vulnerability of this organ to the 
harmful effect of the COVID-19 virus due to the level 
of ACE2. This means that the efforts to improve heart 
function by using drugs for cardiovascular diseases 
could increase its permeability to the virus.    

Step 7: We assigned the appropriate parameters to 
the problems and partial solution of the prior step. 
Figure 10 illustrates this assessment. The first parameter 
“Easy access of the virus to the heart cells (Vulnera-
bility of heart to the harmful effect of the virus)” was an 
evaluation parameter, extracting from the problem 
“COVID-19 damages the human heart due to the high 
level of ACE2 in this organ” because COVID-19 hurts 
the body. Furthermore, we selected “The ability of heart 
to perform its intended function” as our second 
assessment parameter because heart diseases have an 
impact on the intended function of this organ of the 
body. These parameters were translated to TRIZ para-
meters in the next phase of the process of constructing 
the table of contradictions and in the third phase as an 
input for using the contradiction matrix and extracting 
inventive principles.  

 
Figure 8. Conversion of the problem to partial solution 

Figure 9. Inverse Problem Graph of the case study in the first iteration 
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In the second phase of the inventive design, we 
firstly translated the assigned parameters from step 7 of 
IPG to the TRIZ parameters. The first evaluation 
parameter “Easy access of the virus to the heart cells 
(Vulnerability of the heart to the harmful effect of the 
virus)” was translated to “External harm affects the 
heart”. Furthermore, we translated the second evaluation 
parameter “The ability of the heart to perform its 
intended function” into “Reliability of the heart”. 
Subsequently, we applied the TRIZ parameters to 
construct the poly-contradiction model. As shown in 
Figure 11, the relationship between the parameters of 
the model, when using drugs against diseases, we 
encounter a contradiction between two parameters, 
“Reliability of the heart” and “External harm affects the 
heart”. This means that the consumption of heart 
medicines, which increase the ACE2 level in the heart, 
could improve the reliability of the heart. However, it 
could increase the harmful effects of the virus on this 
organ of the body. 

Phase 3 consists of listing the inventive principles by 
applying the TRIZ’s contradictions matrix and selecting 
one of them, which is closest to our problem. The list 
below shows the inventive principles obtained from the 
intersection of the parameters in the matrix.  
1. Principle 27: Cheap short-lived objects 
a) Replace an expensive object with a multiple of 

inexpensive objects 
2. Principle 35: Parameter changes 
a) Change an object’s physical state 

b) Change the concentration or consistency 
c) Change the degree of flexibility 
d) Change the temperature 
e) Change the pressure 
f) Change other parameters 
3. Principle 2: Taking out 
a) Extract or isolate from the object a part or one of its 

disturbing properties 
b) Extract or isolate only the property or the useful 

part 
4. Principle 40: Composite materials 
a) Change from uniform to multiple materials where 

each material is tuned to a particular functional 
requirement.  

According to the existing research on the COVID-19 
virus, the virus requires cellular receptors (ACE2) and 
host cell proteases (TMPRSS2) to enter the cell, as 
Figure 12 illustrates [46][3][47]. Unlike the cellular 
receptor (ACE2), the host cell protease (TMPRSS2) is 
not necessary for the patients. Instead, it helps the virus 
to access the cell. The host cell protease (TMPRSS2) is 
therefore disruptive to the cell and body. According to 
principle 2, if a part of an object has disturbing 
properties, designers could isolate it. Therefore, 
isolation of the host cell protease (TMPRSS2) could be 
a good treatment against the COVID-19 virus. This 
solution has previously been suggested before in [46] by 
using Camostatmesylate, which is an inhibitor of 
TMPRSS2 [48]. 

 
Figure 10. Allocation of the parameters 

Figure 11. Poly-contradiction model of the TRIZ parameters in relation to the assigned parameters of step 7 of the IP 
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Figure 12. Interaction between COVID-19, ACE2, and TMPRSS2 [46,49]

5. COMPARISON OF THE IPG METHOD WITH 
CONVENTIONAL METHODS  

 
5.1 Comparison in terms of time 

 
In this section, we first present a quantitative 
comparison between the Inverse Problem Graph and the 
Problem Graph methods to show their time differences 
in the initial analysis and contradiction formulation. 
This comparison is based on the application of both 
methods to four projects. In this application, there were 
two groups of students. To analyze the Problem Graph 
capability, we asked one of the groups to apply this 
method. Then, we collected information such as the 
number of constructed elements and the total time 
allocated to these constructions. Table 1 shows this 

collected information. As shown in the table, the 
students constructed sixteen problems in the Luggage 
project. Considering that each of these problems took 30 
minutes to construct, we obtained 480 minutes as the 
total time to construct the problems in this project. 
Similarly, we calculated the total time to construct the 
remaining elements in the first project to obtain the total 
time spent in the initial analysis and contradiction 
formulation phases, which was 1140 minutes (480 min 
+ 360 min + 300 min = 1140 min). Table 1 also 
demonstrates the total time of these phases in the other 
three projects. Moreover, the table shows the average 
time (1235 minutes) to perform the initial analysis and 
contradiction formulation by applying the Problem 
Graph. 

Table 1: Information Collected from four different student projects 

Essential time for the initial analysis and contradiction formulation phases (Problem Graph) 

Project Element to construct Construction Time Number of elements in the project Total time 

Problem (including general 
problem) 

30 min  16 480 min 

Partial solution 30 min  12 360 min 
Contradiction 20 min  15 300 min 

 

Luggage 

Total time for the initial analysis and contradiction formulation phases 1140 min 

Problem (including general 
problem) 

30 min  28 840 min 

Partial solution 30 min  9 270 min 
Contradiction 20 min 4 80 min 

 

Hammer 

Total time for the initial analysis and contradiction formulation phases 1190 min 
Problem (including general 

problem) 
30 min  19 570 min 

Partial solution 30 min  17 510 min 
Contradiction 20 min 23 460 min 

Keyboard 

Total time for the initial analysis and contradiction formulation phases 1540 min 
Problem (including general 

problem) 
30 min  11 330 min 

Partial solution 30 min  10 300 min 
Contradiction 20 min 22 440 min 

Desk 

lamp 

Total time for the initial analysis and contradiction formulation phases 1070 min 
Average time for the initial analysis and contradiction formulation phases 1235 min 
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Table 2: Collected information from the application of the IPG method to the four student projects  

Essential time for the initial analysis and contradiction formulation phases (Inverse Problem Graph) 

Project Element to construct Construct time  Number of elements in the project Total time 
Problem (including initial 

problem) 
30 min  3 90 min 

Partial solution 30 min  1 30 min 
Contradiction 20 min 1 20 min 

Luggage 

Total time for the initial analysis and contradiction formulation phases 140 min 
Problem (including initial 

problem) 
30 min  4 120 min 

Partial solution 30 min  1 30 min 
Contradiction 20 min 1 20 min 

Hammer 

Total time for the initial analysis and contradiction formulation phases 170 min 
Problem (including initial 

problem) 
30 min  4 120 min 

Partial solution 30 min  1 30 min 
Contradiction 20 min 1 20 min 

Keyboard 

Total time for the initial analysis and contradiction formulation phases 170 min 
Problem (including initial 

problem) 
30 min  4 120 min 

Partial solution 30 min  1 30 min 
Contradiction 20 min 1 20 min 

Desk 

lamp 

Total time for the initial analysis and contradiction formulation phases 170 min 
Average time for the initial analysis and contradiction formulation phases 162.5 min 

 
Figure 13. Application of the IPG method to the four student projects 

Table 2 shows the information on the capability of 
the IPG method in formulating the problem situations. 
To construct this table, we asked the other group to 
apply our proposal to the same projects mentioned in 
Table 1. Figure 13 demonstrates the Inverse Problem 
Graphs related to each project. As Table 2 illustrates, 
we first calculated the total construction time for each 
element in four different projects. Then, we obtained the 
time spent on the initial analysis and the contradiction 
formulation phases in each project. Table 2 also 
displays the average time, which was 162.5 minutes, to 
complete these phases using the IPG method. 

Figure 14 shows a comparison between the integ-
rated IPG method and Problem Graph in terms of the 
total time spent in the initial analysis and contradiction 
formulation phases of the four projects. Furthermore, 

the figure shows the average time spent in these phases 
using our proposal and the classical method. 

 
Figure 14. Time-based Comparison of the IPG method and 
Problem Graph 
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5.2 Comparison in terms of complexity 
 
In order for the readers of this article to be more aware of 
the differences in terms of complexity, we also compare 
our proposal with the NoP method. To perform this com-
parison, we extracted the information from [50], as shown 
in Figure 15 and Table 3, in which the authors applied NoP 
to the ’Biomass Power Plant’ case study. Indeed, Table. 3 
and Figure 15 (a) & (b) show that the designers have to 
collect all problems and partial solutions to arrive at a 
problem at the lower level of a problem situation by 
applying NoP. For instance, as shown in the table, the 
designers collected about sixty problems and partial 
solutions to illustrate contradictions related to problem 
sixty-eight. Likewise, for the contradiction related to prob-
lem forty-eight, they collected about forty problems. From 
the Inverse Problem Graph, this shortcoming was add-
ressed by providing the possibility of starting directly from 
a lower level of a problem situation, as illustrated in Figure 
15 (c). Figure 15 (d) shows the number of constructed 
elements, including problems and partial solutions, by 
applying the IPG and NoP methods. 

 
6. DISCUSSION AND CONCLUSION  

 
In this study, we developed a Lean-based method to for-
mulate a problem situation in the initial analysis phase of 
the systematic innovation processes such as IDM. To deve-

lop this method, we first analyzed existing methods that 
assist the designers in the formulation of problems upst-
ream of innovation projects. Among the elements analy-
zed, we identified that one point brings them together: they 
do not consider the time spent collecting information as 
well as the productivity of the company. Accordingly, we 
integrated the related features of the analyzed methods, and 
applied Lean principles to develop a new method, called 
the Inverse Problem Graph. In what followed, we used the 
COVID-19 topic to demonstrate the ability of the IPG to 
formulate contradictions and suggested the solutions, 
proposed by other health specialists. Finally, we compared 
our proposal with other reviewed methods in the literature 
review to highlight its characteristics.   

The contribution of this work to the inventive design 
process reflects in several aspects. First of all, the proposed 
method optimizes the time taken for problem formulation 
by keeping only the essential elements of the study to be 
collected by applying Lean principles. These are, therefore, 
the elements that are most closely related to the objective 
retained throughout the process. As a second contribution, 
it is possible to mention the feature that is added to the met-
hod by iteration capacity. Unlike other methods, we did not 
develop all the chains at the beginning of the project. Ins-
tead, we integrated the solution phase in developing the 
chains of causes. 

Table. 3 List of problems related to NoP in Figure 15 , extracted from [50] 

Pb or PS 

ref. 

Description of Problem (Pb) or Partial Solution 

(PS) 

Pb or PS 

ref. 

Description of Problem (Pb) or Partial Solution 

(PS) 

1.Pb Biomass power plant should be improved. 33.Pb 
In order to accumulate more heat, the bed material 

should stay longer in the combustion chamber. 
… … … … 

5.Ps Produces clean biogas. 42.Pb 
Decrease speed of movement of the bed material in 

the combustion chamber. 
… … … … 

8.Pb 
How can one eliminate tar vapour from the 

biogas? 
48.Pb 

At a low speed, the bed material will not go through 
the combustion chamber and transport the heat 

energy to a gasification chamber. 

… … 68.Pb 
High temperature, high speed of flue gases destroy 

the post combustion chamber at the turn point. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 15. Network of Problem and its difference with the Inverse Problem Graph [50] 

(a) NoP of the biomass power plant [50] 

(c) IPG and the direction of the movement to find the causes of the initial 
problem 

(b) One of the developed chains of biomass power plant and direction 
of movement in the NoP to find the effects of the main problem 

(d) Number of constructed elements by applying IPG and NoP 
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Our analysis of these initial results reveals some 
limitations that we would also like to point out. The first 
is that the agility of the method depends on the personal 
knowledge of the designers. This means that if the 
designers do not have enough information on a subject, 
they should collect this information in each step of the 
process by employing the existing documents such as 
patents or from other people. This collection, regardless 
of the method, requires a lot of human effort and makes 
the process time-consuming. One solution for this 
drawback could be the presence of an automatic system 
that assists the designers in extracting the information. 
Secondly, the problem formulation and its agility in our 
proposal depends on the solution phase. Therefore, it is 
essential to integrate the method in a process that could 
link the solution phase more quickly to the initial 
analysis phase.  

Further research and investigation is necessary to 
access the proposed method and its application. One of 
our future investigations will focus on integrating the 
Inverse Problem Graph method in a process that, along 
with TRIZ tools, could link the solution phase more 
quickly to the problem formulation phase. The other 
investigation focuses on developing the tools that could 
automatically extract the essential information of the 
IPG by applying machine learning and NLP. 
Furthermore, it is imperative to develop computer tools 
that assist the designers at each step of the process. 
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 IPG КАО НОВИ МЕТОД ЗА ПОБОЉШАЊЕ 

ФЛЕКСИБИЛНОСТИ ПОЧЕТНЕ АНАЛИЗЕ 

ИНВЕНТИВНОГ ДИЗАЈНА 

 

М. Ханифи, Х. Шибан, Р. Хусин, Д. Кавалучи 

 

Вредност TRIZ метода као неопходног метода је већ 
одавно доказана у индустријском свету. Истра–жи–
вачи дизајна испитују његова ограничења и успели 
су да их превазиђу систематичнијим приступима.  
Један од таквих приступа је Метод инвентивног 
дизајна (IDM) о коме се расправља у неколико 
радова и који је примењен у индустрији. Сматра се 
да је бољи од ТRIZ метода, мада, ипак, има неке 
недостатке у смислу временски захтевне примене. 
Предмет нашег рада је IDM процес. Покушали смо 
да одредимо све области његове неефикасности и да 
при том сачувамо све његове остварене резултате. 
Наш приступ се састоји у примени Lean правила на 
IDM. Резултат представља Метод инверзног графа 
проблема (IPG), инспирисаног методом IDM, али 
знатно напреднијег са аспекта уштеде времена у 
ангажовању стручњака и очувању инвентивних 
исхода. Чланак приказује наш приступ у констру–
исању овог новог метода.   

 

  

 


