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Abstract – Studying the mental models of software 
users is not a new topic in the scientific literature, but 
we could point out that it is also not sufficiently 
researched. Still there is no universal method which 
could be used for exploration and visual presentation 
of mental models. Therefore, the aim of the current 
article is to propose an approach for concept map 
mining based on retrieving users’ mental models. To 
achieve this, a combination of text mining techniques 
and concept map software is used in the research 
article. 
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1. Introduction 

 

  Software cost, size and schedule forecasting are 
very complex tasks which require the prediction [1] 
of many variables. One of the challenges in software 
development is the creation of an adequate 
conceptual model representing the software’s essence 
at a high level of abstraction. This model describes 
mainly the tasks and functions planned for 
development. When creating the conceptual model it 
is important to verify and evaluate its consistency 
according to the user expectations. On the other 
hand, designing a user interface and developing 
software functionality based on the users’ mental 
model helps for the creation of simple, intuitive and 
easy-to-understand products. 
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Moreover, the study of mental models can be 
accomplished at every stage of the software 
development, but has been proven that it could be 
accomplished most effectively in its early stages. 
Thus, the conceptual model of the software will 
largely meet user expectations, which in turn could 
also reduce the costs for future changes caused by the 
mismatch between the mental models of the 
developers and those of the users. The high 
uncertainty and the series of price collapses of some 
items lead to caution among managers [23]. With 
web applications one must be careful when choosing 
the right approach towards any task [22] and the right 
database management system - MySQL, MS SQL 
Server and MongoDB [24]. 

On this basis, the aim of the current article is to 
propose an approach for concept map mining based 
on retrieving users’ mental models. In order to prove 
the approach, we have studied user expectations for 
developing a web-based platform which will be used 
as a guide for people who pursue career development 
in the field of computer science. The target group 
includes computer science students and people who 
intend to change their desired career path in the 
mentioned field. 
 
2. Mental Models and Their Importance in HCI 

 
  A group of authors [2] define mental models as “a 

logical, temporal and algorithmic structure that stores 
models of controlling objects, controlling algorithms, 
influence of external impacts and that has the ability 
to generate new knowledge”. Other researchers [3] 
define them much simplier, pointing out that they are 
“cognitive representations of external reality”. 
According to the same scientific paper [3], 
individuals construct mental models by relying on 
their unique perceptions, understanding of the world, 
and life experience. Thagard’s opinion [4] is that 
mental models are structures that determine “many 
important aspects of human reasoning, including 
deduction, induction, problem solving, language 
understanding, and human-machine interaction”. On 
the other hand, Carley and Palmquist [5] make the 
following assumptions about mental models: a) they 
are dynamic structures that are considered "working 
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models"; b) when creating mental models it is also 
important to take into account the circumstances in 
which they are going to be built. 

It could be pointed out that the study of mental 
models in the context of human-computer interaction 
is essential for the creation of user-oriented designs 
that enhance human-machine communication. When 
interacting with the software interface, the users’ 
approach is often irrational and is mainly driven by 
their current mental state. As Indi Young notes, 
mental models are used while studying people’s 
motivation and thought processes, along with the 
emotional and philosophical landscape in which they 
are operating. [6] 

In the process of interaction with the software, 
users apply the accumulated knowledge from the 
usage of similar system-specific software products. 
In our opinion, the intuitiveness of the human-
machine interface, which can be realized by applying 
real world and design conventions, plays a significant 
role in the formation of correct mental models. This 
ensures continuity between the knowledge from 
different human areas, which in turn facilitates users 
when perceiving innovations in the field of software 
interface. Also, we consider that the construction of 
mental models is strongly dependent on the amount 
of cognitive resource that users put into the 
interaction with the products. If the interface is as 
simple and intuitive as possible, they do not consume 
additional cognitive resources when performing their 
tasks. In order to form adequate mental models, the 
human-machine interface should minimize the 
thought processes and the involvement of working 
memory1. 

This often leads to the usage of a combination of 
different methods, which study the mental models in 
software development. Examples for such methods 
are Thinking-aloud protocol, Question-asking 
protocol, Coaching method, Field observation, 
Interviews, Focus groups, Contextual inquiry, 
Surveys. In practice, the study of mental models can 
also take place in brainstorming sessions. The choice 
of a particular method is guided by different factors 
such as budget, duration, the ability to obtain 
quantitative and/or qualitative data, the ability to 
conduct the method remotely, etc. 

When carrying out some of the methods for 
studying users’ mental models two factors are often 
taken into account: a) the decision making process 
while they work with the software, and b) their 
behavior built in different environments, based on the 

                                                           
1 This is the ability of the human brain to store a limited 
amount of information as long as it is used. It can be said 
that this type of memory combines short-term memory 
with knowledge derived from long-term memory to 
support processes such as decision-making or calculations. 

accumulated knowledge and the specifics of their 
perceptions. Mental models can be represented by 
concept maps, mind maps, conceptual 
diagrams, visual metaphors [20], content maps or 
charts of similarity [6]. For example, concept maps 
and mind maps represent the extracted information in 
the form of terms and relationships between them, 
often organized in a hierarchical form. Conceptual 
diagrams in turn require more detailed information of 
user’s expectations, organized into categories and 
subcategories. They are similar to the class diagrams 
in UML used by the developers to represent the 
organization of object-oriented programs. 

In our previous study [14], we suggested a 
hierarchical representation of mental models based 
on Maslow's pyramid. “We integrate only the idea of 
using such a diagram with color distinction and 
categorization, but not with the terminology 
proposed in Maslow's motivational theory. The 
model represents ideas generated during a 
brainstorming session.” [14] 

Depending on the method used to study the mental 
models, different visual tools would be used in order 
to represent users’ ideas about the functioning of the 
software. The choice of a particular visual tool also 
depends on the needs of the development team. 

  
3. Concept Map Mining: Approaches and Tools 

 
Concept maps support the development of 

conceptual models of the software user interface and 
provide guidance on the expected functionality. 
Thanks to them the so called “design gap” is reduced, 
which represents the discrepancy between users’ 
knowledge and designers’ decisions about the 
conceptual model of the user interface. 

Concept maps (CMs) were introduced by the 
education theorist Novak in the 1970s in order to 
assist the process of adopting a new learning 
material. Today, they find application not only in 
education but also in many other fields. They are 
presented as visual maps of concepts for a given 
domain, also reflecting the links between these 
concepts in the form of one-way or two-way arrows 
with added verbs. In [15] concept maps are defined 
as “a triplet CM = {C; R; G} where C is a set of 
concepts C = {c1; c2; … ; cn}, R is a set of relations 
between concepts R = {r1; r2; … ; rk} and G = {g1; 
g2; … ; gm} is a sorted set of generalization levels”. 
In [16] are described as semantic maps, that are a 
means of visualization of subject knowledge. 
“Concept maps stimulate the generation of ideas, and 
help improving one’s own creativity” [17]. 

 
The concept map mining (CMM) process is 

defined in [18] as a “search for common propositions 
(a triple concept - relationship - concept) and 
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misconceptions”. CMM is based on Natural 
Language Processing techniques that are used to 
create concept maps by extracting concepts from text 
or from a set of documents with the goal of doing 
this automatically. A lexicon is often used in order to 
compare the extracted words with the ones recorded 
in it. 

In their research Villalon and Calvo propose a 
CMM approach that is implemented in the following 
stages [18]: 

 

 Concept identification using grammar trees; 
 Cascading relationship identification; 
 Concept and relationship summarization. 

 

This approach includes basic steps used to create 
concept maps, but it does not take into account the 
details of the data or text mining techniques that are 
applied in order to be identified the individual terms 
and the relationships between them. Moreover, it can 
be considered theoretical since there is no data 
presented for its validation. 

In [21], CMM is considered as a process based on 
standard text miming techniques. When extracting 
text from documents this process is carried out in the 
following steps: 

 

 preparation phase – the text enriched with 
semantic information is stored and the rest of it is 
removed; 

 tokenization phase – “document is divided into 
sentences, and every sentence into tokens”; 

 linguistic pre-processing – it is carried out in 
iterations and “the stop words without 
information value are removed”; 

 concept recognition phase - concepts candidates 
are chosen from a set of tokens; 

 relationships recognition phase - relationships 
candidates are the words semantically connected 
to extracted concepts; 

 summarization phase - the most important 
propositions are chosen based on their statistical 
significance. 

 

This approach proposes the usage of a dictionary 
that contains the most important terms in the problem 
area, so that machine learning methods can be 
applied to extract text from documents. The authors 
note that the stop words should only be removed 
after understanding whether they are building 
elements in multiword phrases. 

[16] defines CMM as the process by which the 
specifics of CM must be taken into account: „concept 
maps are more subjective, they depend on the point 
of view of their creator“. The authors base their work 
on the approach presented in [18]. They propose: 

 

 extraction of concepts – these are words which 
are strongly attached to the domain as terms; 

 extract relations between concepts – the phase 
should be concentrated on links between terms, 
i.e. it is used a term-term matrix. For this, it 
should be found pairwise distances between 
terms which have been presented by vectors-
lines in the initial term-document matrix; 

 summary - extracted concepts and relations must 
be plotted on a concept map. 
 

The common thing about the aforementioned 
approaches is that they offer the basic stages of 
concept map formation: concept identification, 
relationship identification and summarization. Some 
of them integrate part of the text preprocessing that is 
really typical for the text mining (TM) approaches. 
However, they do not take into account the methods 
that can be used to obtain data connected with the 
mental models of the users for a certain software. We 
consider that in order to apply the CMM process to 
the needs of a software development and, in 
particular, to study the opinions and expectations of 
the users, it is necessary that this process  is 
conducted in more coordinated way. This means 
giving it formal guidance. For example, the process 
may be considered in the context of a certain 
standard in order to ensure the quality of the final 
result. 

The CMM process could be supported by different 
software tools which would automate it. Most of 
these tools differ mainly in their ability to automate 
the CMM process. Examples of some concept maps 
tools are: CmapTools, VUE (Visual Understanding 
Environment), Mindomo and Leximancer. The first 
three can be used to create CM using only processed 
and analyzed text. Leximancer supports a fully 
automated CMM process and it is a commercial 
product with a 7-day trial period, unlike the others. 
Mindomo is also available as a cloud application 
which in turn could facilitate collaborative work. 
CmapTools also enables teamwork by offering 
shared cloud space after creating the user account. 
Unlike Leximancer, the other software tools do not 
offer support for importing files that can be used to 
extract concepts and relationship candidates, and 
they are not based on Natural Language Processing 
techniques. 

All four tools support basic concept map creation 
capabilities like concepts creation and named 
relationships. In addition, they offer export into 
different files formats, most often xml, pdf, html. 

There are a lot of concept map software products, 
but the aforementioned are the most commonly used, 
especially for scientific purposes. The choice of a 
particular product depends mainly on the needs of the 
study. Each of them can be combined with data 
mining products such as RapidMiner or KNIME in 
order to fully process the unstructured data derived 
from the user responses given while applying one of 



TEM Journal. Volume 8, Issue 4, Pages 1484-1491, ISSN 2217-8309, DOI: 10.18421/TEM84-54, November 2019. 

TEM Journal – Volume 8 / Number 4 / 2019.                                                                                                                           1487 

the methods for studying mental models. For 
example, this can be observed when processing the 
text of interviews or questionnaires. 

 
4. Research Methodology 

 

In the current research we propose an approach 
towards   concept map mining, which is based on the 
study on users’ mental models. The concept map 
mining process can take a formal direction if it is 
applied to be proven in practice approach, such as the 
process approach. It aims to assist companies in the 
process of creating user-oriented interfaces in a 
coordinated manner, with clearly defined input 
parameters, constraints and output artifacts. 
According to [19], it should provide “lower value and 
faster creation of new products; lower, fixed and 
predictable costs; an opportunity to dynamically 
improve the organization's activities.” 

The input data for the business process presented in 
fig. 1 are the software requirements of the project. 

The constraints that affect the execution of the 
process relate to the users – their technical knowledge 
and their current physical and mental state. 

As an output artifact of the process a concept map 
that will be used as a basis for predicting user 
interfaces is expected to be created. 

The stages in which the concept map mining 
process is carried out are presented in fig. 1. They are: 

 

1) Conducting a survey aimed at checking the 
attitude of potential users to the intended 
functions. The purpose is to compare the 
expectations of the designers and the users. A 
questionnaire divided in three sections is used.  

2) Conducting an analysis of the survey results by 
using statistical methods. 

3) Conducting concept map mining – creating a 
generalized conceptual model by using text 
mining based on the results of the survey. 

4)  Refining the conceptual model according to 
the requirements of the developed software 
and the suggestions from the development 
team. 
 

 
 

Figure 1.  Stages of the proposed approach to concept 
map mining 

(Source: Own elaboration) 

The preparation of the first stage begins with a 
study of the subject area, a study of the software with 
similar functionality and an analysis of the 
requirements of the potential users. Nowadays, the 
most effective way to check the attitudes, opinions 
and expectations for future users regarding the 
particular product or service is to conduct a survey. In 
scientific literature there are numerous studies on how 
to create a survey.  

The recommendations are mainly related to 
determining the purpose of the survey and how to ask 
the questions [7], [8]. Oracle researchers identify the 
following 7 best practices for formulating survey 
questions [9]: 

 

 the questions should be directly related to the 
purpose of the survey and the purpose in turn 
should always be clear enough in order to deliver 
reliable results; 

 the questions should be short because the 
respondents are reluctant to answer long and 
incomprehensible questions. A good practice is to 
group questions that use the same answers; 

 the questions should be clearly asked, avoiding 
misleading or hypothetical questions, such as: 
"Would you not like ..."; 

 consider the wording and the precision of the 
language in order to avoid unusual words and 
combined sentences; 

 the questions with several possible answers, 
should be formulated well enough, in order not to 
disappoint the respondents that their option is not 
included; 

 the answers of the closed questions should be 
clear enough, and when a grade scale is used the 
meanings of each grade should be clear enough; 

 the survey should include open-ended questions 
because they provide valuable feedback from the 
respondents. Although these types of questions 
are more difficult to process, in some cases they 
are appropriate for use because they help to 
identify important issues in the study area. 
 

Based on the aforementioned recommendations for 
the purpose of our research, we propose the use of a 
questionnaire in order to retrieve users' mental models 
and subsequently verify their compliance with the 
mental models of the development team. The 
questions are divided into groups, each with a specific 
purpose. The groups are: 

 

 Personal profile – this is the data that will be used 
for the implementation of the statistical analysis; 

 Expectations about the platform – closed-ended 
questions are used in order to describe the 
concept of the platform design, and text input 
fields in order to describe the expectations about 
the application functionality; 
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 Special needs – these are questions for people 
with special needs. They are used in order to 
define whether the respondent has disabilities and 
what functionalities should be added in order to 
facilitate the future use of the platform. 
 

In the second stage of the approach a statistical 
analysis of the results is carried out. The goal is to 
differentiate the respondents by gender and age, for 
example, in order to evaluate which functionality will 
be useful for each user group. 

The third stage of the approach is to derive 
concepts from the survey participants’ answers. On 
this basis a concept map with links between the 
different concepts should be automatically created. 
For the effective implementation of the current stage 
we propose the usage of tools from the field of 
Machine Learning and Text Mining. The use of Text 
Mining is required in order to accurately analyze the 
answers of the users to the open-ended questions. 

For the analysis and discovery of data models, we 
suggest the usage of Data Mining technologies, and in 
particular Machine Learning techniques. Arthur Lee 
Samuel first identifies machine learning as a field of 
study that gives computers the ability to learn without 
being explicitly programmed [10]. The types of 
machine learning depending on the nature of the 
feedback are: Supervised Machine Learning and 
Unsupervised Machine Learning. For the purposes of 
this study, the methods of Supervised Machine 
Learning are mainly used. They are characterized 
with an input example and desired output parameters 
given by a "teacher". Examples of such classification 
methods are: decision tree, linear classification, rule 
classification, probability classifications. 

In order to accurately analyze the answers of the 
users to the open-ended questions, the use of word 
processing is also required. This is a scientific 
problem that is studied by many researchers. In 
scientific literature, the processing of text arrays is 
known as Text Mining, (TM) [11], [12]. The typical 
TM tasks are: text categorization, clustering, concept 
extraction, grammatical taxonomy, attitude and 
relationship analysis, document annotation, and 
modeling of relationships between entities [13]. We 
consider that in our study the most useful task will be 
concept extraction, because it will be used to 
understand users’ attitudes and perceptions of the 
software design. 

In general, the current stage requires the 
implementation of a large set of algorithms, which are 
highly dependent on the nature of the analyzed data. 
For this reason, we consider that at this stage of the 
approach it is not possible for us to define certain 
algorithms that will be valid for each project. The use 
of methods such as Simple Linear Regression and 
Multiple Linear Regression methods are appropriate 
to find the dependencies between the offered 

functionalities. Depending on the specific needs of 
the developers, it is often appropriate to apply 
methods such as Logistic Regression, K Nearest 
Neighbors, and clustering methods such as K Means. 

The processing of the documents is usually based 
on Natural Language Processing techniques. In order 
to convert the text into word vectors, we propose the 
processing to be divided into the following sub-
stages: 

 

 Tokenization – it is used to divide the text into its 
main units - the words and it is not used for text 
recognition;  

 Filter Тokens – it is used to filter the words 
according to their length. The parameters of this 
sub-stage set the minimum and maximum word 
lengths. The purpose is usually to remove the 
shortest words consisting of 2-3 letters; 

 Stemming – it is used to reduce the number of 
words. With the help of a dictionary for the 
respective language, the derivatives of a certain 
word are removed and only the base of the word 
is left; 

 Stopwords – it is used to remove unnecessary 
words. These are the words that are not important 
for the post-processing because they carry little 
information about the content of the text. This 
stage helps to increase processing speed because 
it reduces the amount of text; 

 Transform Cases – it is used to convert the case 
of the letters in the text. 

 

In addition, the extracted and processed concepts 
are compared with the supported lexicon and two 
more steps are taken: 

 

 Creating concepts and their relationships – a 
lexicon is used which helps identify the concepts 
and the words that are semantically related to 
them; 

 Concept map creating – through CM or CMM 
software a concept map is developed by using the 
derived concepts and their relationships. 
 

5. Results 
 

 The proposed approach has been tested by 
developing a web-based platform which will be used 
as a guide for people who pursue career development 
in web design. The planned main functionalities of 
the application are presented in fig. 4. They are 
chosen on the basis of the requirements on the 
product being developed, as well as on the basis of 
competitive software of the same class. The purpose 
of the developers is to offer basic features that 
largely meet user requirements, and at the same time 
turn the application into an innovative product. 

The first stage, according to the approach 
suggested in the previous section, is to conduct a 
survey. The questions were organized into groups as 
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mentioned earlier in the approach description. We 
added additional questions related to the attitude of 
potential users to certain elements of the user 
interface. 

In the second stage of the approach we performed 
a statistical analysis. The online survey was 
distributed through the Internet and has reached 102 
potential users. It was answered by 74 respondents, 
which represents 72.5% of all the potential 
respondents. After learning about the features offered 
by the application and after evaluating their 
importance, the respondents answered whether or not 
they would be satisfied with an application that is 
based on them. The users had the opportunity to 
answer in free form, and express their personal 
opinions on the survey questions. 

The distribution of the respondents by age group 
and gender is presented in fig. 2 and fig. 3. 

 

 
 

Figure 2.  Distribution of the respondents by age group 
(Source: Own elaboration) 

 

 
 

Figure 3.  Distribution of the respondents by gender 
(Source: Own elaboration) 

 

The ratings given by the users to the significance of 
the proposed functionalities are averaged and are 
presented in fig. 4. As fig. 4 shows, the values 
obtained are above 5.5 out of 10, which demonstrate 
that the users highly appreciate the proposed features. 

 

 
 

Figure 4.  Average grade of the significance of the 
proposed functionalities 

(Source: Own elaboration) 

In order to determine the dependencies between the 
proposed functionalities we have conducted an 
analysis using the Simple Linear Regression method. 
The results show an extremely strong relationship 
between the pairs of functionalities, which is expected 
due to their general nature (e.g., Video tutorials 
reading and Video tutorials publishing, Employers list 
and Open job positions). By applying Multiple Linear 
Regression, we have also found dependencies among 
the other functionalities, i.e. users who value one of 
the features also give a high rating to the others and 
vice versa. The applied classification methods 
(Logistic Regression, K Nearest Neighbors) and 
clustering (K Means) do not produce significant 
results due to the specificity of the collected data. 
However, in many other cases they would be 
extremely useful. 

Regarding the questions about the need for 
additional user interface capabilities, users mostly 
give a negative answer (fig. 5). 

 

 
 

Figure 5.  Average grade of the significance of the 
proposed interface improvements 

(Source: Own elaboration) 
 

Over 80% of the respondents are satisfied with the 
proposed functionalities. At the same time, the 
analysis shows that the suggested improvements to 
the interface are not relevant to the respondents. It is 
enough for them that interface is simple and intuitive. 

Therefore, it is of utmost importance to develop 
innovative functionality that has significant 
competitive advantages. 

The third stage is related to the processing of the 
text answers in the survey and the subsequent creation 
of the concept map. In accordance with the approach 
proposed in the previous section, we used the 
conventional Text Mining techniques, in which text 
pre-processing is essential. It includes the steps 
shown in fig. 1, through which each recorded answer 
that looks like an unstructured text is presented as a 
vector of words. They in turn can be easily processed 
and analyzed. We have prepared a lexicon 
beforehand, which we used to train the applied 
algorithm. The words and phrases are 100 in number. 
For example, we used the following words and their 
derivatives: web design, web developer, web 
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development, video tutorials, programming, jobs, 
search, etc. 

The software used to analyze the unstructured 
survey data is RapidMiner. The application has a 
special tool for word processing and is one of the 
most used analytical software tools [13]. 

As a result of the processing we got the answer of 
each open-ended question presented as a vector of 
words. When creating the word vector in RapidMiner, 
we used the term frequency evaluation method TF-
IDF (Term Frequency - Inverse Document 
Frequency), which shows statistically how important 
a word is for a document or corpus collection. TF-
IDF increases its value in proportion to the number of 
occurrences of the word, but the frequency of the 
word in the corpus as a whole is also taken into 
account because some words tend to appear more 
often. 

The open-ended questions are very essential to the 
study because they help users describe their 
expectations for the platform connected with career 
development in web design. We used a pre-prepared 
lexicon in order to identify them. Respondents most 
often describe the user interface with the terms: 
simple, response, complete, intuitive, and friendly. 
The words “course, compare, groups, tutorials, rate, 
find” describe the additional functionality that users 
expect and are not offered in the requirements (fig. 5). 
Users suggest logging into the platform through 
password, username, email or social media. The most 
commonly used platform for career development is 
LinkedIn. 

The analysis of the answers of the open-ended 
questions shows that, in general, the proposed 
functionalities (fig. 4) are in line with users’ 
expectations for the career development platform. 
What would enrich it is the capability to evaluate 
video lessons and job positions, for example, as well 
as searching for job positions and content training. 
Similarly, there would be the expectations for any 
web based platform, regardless of the field of activity. 

Using the extracted user expectations for the 
platform we have prepared a CM - a summary model 
of all respondents. We have used the free software 
CmapTools. In fig. 6 a part of the CM diagram is 
presented. 

 

 
 

Figure 6.  Partial model of the user expectations for a web-
based career development platform 

(Source: Own elaboration) 

6. Conclusion 
 

The results of the conducted experiment show that 
in order to create accurate and complete concept 
maps, it is necessary to use a lexicon that is specific 
to the study area. Researchers do not always have a 
pre-prepared lexicon, which makes the process of 
concept maps mining significantly time-consuming in 
terms of building a dictionary of appropriate terms. 
As indicated by [16], it must be taken into account 
that some of the unnecessary stop words may be 
involved in the words that make up the lexicon. 
Therefore, the knowledge of the subject area is of 
great importance for creating correct models. 
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