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Abstract—This full paper of research category presents a 
Systematic Mapping Study of the state-of-the-art of research on 
adaptation content in Robotic Systems, in the fields of cognitive 
profile, learning style and student model. In general, teachers 
develop the material that is to be taught and organize pedagogical 
activities for the students. As a consequence, students have a 
learning environment that does not take into account activities 
that have already been completed, actions taken, learning 
preferences and cognitive profile. Activities and teaching 
materials in robotic environments are the same for all students, 
and may end up being insufficient for the effective learning of each 
one. The initial search of four main academic databases resulted 
in 137 papers out of which 15 papers were included in the final 
analysis. Our article presents different researches, which involve 
adapting content for learning in robotic environments. 

Keywords—robotics; adaptive system; cognitive profile; learning 
style; student model; systematic mapping.  

I. INTRODUCTION 

Educational Robotics (ER) features learning environments 
that bring together assembling kits made up of diverse parts, and 
allows students to program the robots that have been assembled. 
ER has attracted the attention of teachers and students, being 
able to be used in an interdisciplinary way, besides serving as 
motivating element of learning. It promotes the development of 
system thinking and problem solving by designing, creating and 
programming tangible artifacts for creating personal objects and 
addressing the needs of real-world society. As a consequence, it 
is considered very beneficial if the Teaching Institutions include 
the teaching of theoretical and practical knowledge about 
robotics and cognitive robotics. 

With the spread of the Internet, several virtual and remote 
robotics laboratories have been developed to support several 
areas, given the scarcity of resources and the high cost of 
installing physical laboratories. In general, the teaching 
materials and assignments are the same for all students, without 
considering the learning profile and the difficulty levels, and 
may end up being insufficient for the effective learning of each 
one. This process results in a learning environment that presents 
the same content for all participants, regardless of what is in each 
of them, or without performance analysis or behavior in the 
environment. 

In this sense, the need arises to investigate whether these 
robotics laboratories provide an adaptive environment that is 

capable of contributing to learning, considering the cognitive 
profile of each student. In addition, it is important to analyze 
which customization techniques were used, especially in the 
context of adaptation content. 

In this paper, we understand the term "adaptation content in 
Robotic Systems" as the action of adapt resources (e. g., lessons, 
tests and teaching materials) according to the students' cognitive 
profile or learning style using a learning environment.  

The method used in this research is a systematic mapping 
(SM) study. A SM is a secondary study that follow a 
methodologically well-defined research process to identify, 
analyze, and interpret the available evidence related to a 
particular set of research questions, topics or phenomena of 
interest [2]. It is focused on structuring a research area [5] and 
aims to classify relevant literature and aggregate studies in 
relation to defined categories. The scope of an MS is generally 
broader and a more superficial analysis and synthesis. 

From a SM, this document aims to present a survey of the 
state of the art of research that has been carried out in the aspect 
of Adaptive Robotic Systems, that consider the cognitive profile, 
learning style, or student model. This paper is organized as 
follows: Section II presents the related work. Section III presents 
the research questions. Section IV presents the methodology of 
this systematic mapping. Section V presents data extraction, and 
finally Section VI presents the conclusion of this work. 

II. RELATED WORKS 

Several synonymous terms for adaptive systems are 
currently in use, including adaptive environment, personalized 
system, personalized environment, and others. Identifying the 
students' learning style is one of the ways to obtain their 
preferences, providing more effective learning materials in the 
teaching and learning process. Given this context, there is 
concern about the ways in which learners deal particularly with 
information, such as cognitive profiles, learning styles, learner 
model, increasingly present in research in the field of 
Informatics and Engineering in Education. 

Adaptive systems are important for use in educational 
environments, since a single learning environment for all 
students, regardless of learning preferences, may become 
inefficient [14]. There are two approaches recommended to 
building adaptive interfaces [14]: I) Consider the classification 
level of user according his/her knowledge (beginner, 
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intermediate and advanced). II) Learning environment must me 
dynamically adapted to suit each user of the system, according 
to the actions taken. 

According to Keefe [8], learning styles are related to the 
cognitive, affective and physiological characteristics that serve 
as stable indicators of perception, interaction and response of 
students in their learning environments. Identification of 
learning styles has two main applications for Felder & 
Silverman [9]: it serves as a guide for teachers about the 
diversity present in their classes and serves to help them design 
a program to suit all styles. Learning styles should not be 
considered as characteristics to indicate strengths and 
weaknesses of students. But they can be modified according to 
the educational experience of each student. 

Users learn different things about the system at different 
levels and at different times. Adaptation done by the 
environment can consider different levels of knowledge, in 
different situations, for different objectives [12]. According [11] 
adaptation can be divided into three categories: requested by the 
user, requested by the system, or automatically. The first two are 
forms of "personalization". Automatic adaptation of systems 
responds to changes in user behavior [12]. 

In order to meet the needs of students, the student model 
must adapt the learning experience [16]. On one hand, student 
models provide only information about the latest student 
interaction to which the system has to react; on the other hand, 
student models provide a detailed description of students' 
knowledge and cognitive profile [15]. 

An Intelligent Tutoring System (ITS) is an educational 
system that support learning activities and incorporate 
techniques of Artificial Intelligence, like a human pedagogic 
tutor to assist students [17]. An ITS must evaluates the 
knowledge that the student possesses, and the tutor must decide 
how and what to teach based on the student's pedagogical state. 
However, it is necessary the interaction of a human tutor to  

In this sense, [24] presents an agent that interacts with an 
ITS, associating each mental state to an emotional state, with 
machine learning techniques. The learners' brainwaves are used 
to obtain their mental state. Authors make the hypothesis that 
there is a strong correlation between these signals and emotional 
states. 

A robotic cognitive model based on procedural memory and 
episodic memory is proposed in [25]. Authors focus on the 
research of tacit knowledge in robot cognitive model based on 
the representation of knowledge, acquisition of knowledge, and 
access to knowledge. This model owns adaptive ability without 
human intervention, in addition to own planning ability in real 
time. 

Maia et al. [10] performed a study to overview the use of 
learning styles in introductory programming courses, and 
investigate students' difficulties, abilities and characteristics. 
The results showed that learning style affects the ability to learn, 
but does not indicate success or failure. Authors suggest 
incorporating learning styles into their teaching material, to meet 
to the majority of students. 

A systematic review about adaptation resources supported 
by Constructivism in virtual learning environments is presented 
in [30]. About adaptation techniques found in the selected 
publications, context-awareness was the technique with highest 
number of matches found, followed by adaptation by agents, and 
collaborative learning. Authors inform the most commonly used 
techniques in the literature and which of them are used in a 
constructivist manner. Overall, SM or Systematic Literature 
Review (SLR) studies provide the state of the art in the field of 
learning styles [10] and adaptation resources in learning 
environments [Anonymous 2015]. We did not find any work that 
presented adaptation content in robotic learning environments.  

III. RESEARCH QUESTIONS 

This paper offers a systematic mapping of state of research 
on adaptation content in robotic systems. The 
goal/question/metric (GQM) paradigm is based on the premise 
that to gain a practical measure, one must first understand and 
specify the objectives of the software artifacts being measured 
and the objectives of the measurement process [1]. Based on the 
GQM paradigm [1], the aim of this systematic mapping is to 
analyze scientific publications, with the purpose of 
characterizing them, with respect to adaptive robotics systems, 
who recommend activities based on the students' cognitive 
profile, from the researchers' point view, in the academic 
context. Research questions in mapping studies are broader and 
should respond to trends related to research (e.g. number of 
publications over time, research areas, publication sites, subjects 
approached) [5].  

This study focus specifically on robotic systems that 
personalize content to students, in learning environments. At the 
end of this systematic mapping, the following research questions 
must be answered: RQ1. What systems adapt content to 
students? RQ2. What techniques of adaptation content are used? 
RQ3. What are the features analyzed in these papers? RQ4. Is 
there any need to improve existing adaptation techniques? 
Which are? 

IV. METHODOLOGY 

To carry out a mapping study, the initial steps are similar to 
a systematic review of the literature, with the feature that the 
research questions are of a broader character [7]. To answer the 
above research questions, we have performed a systematic 
mapping study following the guidelines proposed by Budgen et 
al. [7], and it was divided into three stages: 

1) Identify primary studies that may have relevant results 
for the research. 

2) Select the primary studies from reading the meta data 
(title, abstract and keywords).  

3) Perform a complete reading and qualitatively evaluate 
the selected studies. 

To conduct the systematic mapping, we selected four main 
digital libraries: ACM Digital Library (http://dl.acm.org), IEEE 
Xplore (http://ieeexplore.ieee.org), Science Direct 
(http://www.sciencedirect.com) and SCOPUS 
(http://www.scopus.com). The search was also performed using 
the snowball process [6], following up the references in papers.  



We restricted the search to studies published up to December 
2017. The search string was defined according to the PICO 
(population, intervention, comparison, outcomes) [2], according 
to the structure below: 

• Population: publications describing adaptations of 
robotic systems aiming at improving student learning. 

• Intervention: how the adaptation content process has 
been carried out. 

• Comparison: not applicable. 
• Outcomes: qualitative evidences (positive and negative) 

and recommendations for improvements in the context of 
adaptation content in robotics system. 

Search strategy was defined considering the most used 
keywords in the research questions. The initial set of keywords 
(see Fig. 1) was refined after a preliminary search returned too 
many results with few relevance.  

 
Fig. 1. Initial set of keywords. 

Search string was constructed by combining keywords and 
synonyms, and the terms used in it are shown on Table I. It 
should be noted that the search string has been adapted for each 
digital library.  

TABLE I.  SEARCH STRING 

((adapt* OR personaliz* OR "intelligent tutoring") 
AND ("system" OR "environment" OR laborator* OR 
"learning management system" OR "lms" OR 
"moodle")) 

AND 
("cognitive profile" OR "cognitive model" OR 
"learning style" OR "student model" OR "learner 
model" OR "user model") 

AND 
(robot*) 

B. Studies Selection 

Selection process is essential to help answer research 
questions. The selection process of the publications took place 
in three stages: 

• Identification of studies: The researcher performs the 
search in the selected sources using the search string that 
was elaborated (the searches were carried out 
considering the meta-data). 

• [1° filter]: For the selection of the publications in the first 
filter were read the title, abstract and the keywords. In 

which, the set of articles is selected from the verification 
of the inclusion and exclusion criteria. 

• [2° filter]: In the second filter the publications extracted 
in the previous step are reanalyzed and read integrally, 
following the inclusion and exclusion criteria. In this 
way, only articles that have had their information 
accepted according to established criteria are analyzed. 

After performing the searches, each candidate study passed 
through a set of stages until its eventual selection (see Fig. 2). 
First, we assessed the title and read the abstract and keywords, 
looking for papers that described adaptive systems, or 
personalized systems, or intelligent tutoring systems, that 
consider cognitive profile or learning style. Papers unrelated to 
robotic systems were excluded. Second, we retrieved each study, 
read it entirely, and critically appraised it based on similar 
criteria as in the previous round. 

 
Fig. 2. Selection process. 

A paper was discarded if it was out of scope (e.g., the paper 
did not describe adaptive robotic systems), or of no credibility, 
or short paper (e.g., papers of insufficient length, or low quality 
prose that prevented understanding and assessing the 
proposal/contribution). Then, a data extraction form was filled 
out for each selected study to gather evidence for the review 
goals. Finally, we removed duplicate papers or preliminary 
versions of works already being analyzed (unless they described 
different aspects).  

Inclusion and exclusion criteria are presented on Subsections 
C and D, and are used to exclude studies that are not relevant to 
answer the research questions [3]. 

C. Inclusion Criteria (IC) 

The following inclusion criteria were applied to titles and 
abstracts: 

• IC.1. Papers present studies related to cognitive profile, 
learning style or student model. 

• IC.2. Papers are in the field of robotic systems. 
• IC.3. Papers that present studies related to 

recommendation or personalization of activities. 
• IC.4. Papers that are available on the web. 
• IC.5. Academic journal, conference and workshop 

papers. 
• IC.6. Papers written in English. 
• IC.7. Publication date until December 2017. 

D. Exclusion Criteria (EC) 

The following criteria state when a study was excluded: 

• EC.1. Articles short paper. 



• EC.2. Papers not available in full format. 
• EC.3. Publications that are courses, books, tutorials and 

the like. 
• EC.4. Duplicate studies already returned in another 

digital library. 

V. DATA EXTRACTION 

In a first evaluation, still on the page of the search engine, 
the first study was carried out, where the meta-data were 
considered for reading: title, abstract and keywords. In order to 
organize the relevant data from the identified studies, 
information was entered into a table (see Table II), where each 
row represents an item, which is accompanied by a value, and 
may be associated with a research question or not.  

TABLE II.  DATA EXTRACTION FORM 

Data Item Value RQ 
Title Title of the article that adapt 

content to students. 
RQ1 

Author(s) Set of names of authors. - 
Year Year of publication of the work. - 
Type of study Type of study. - 
Robot Simulated or physical robot. - 
Techniques of content 
adaptation 

How did the customization process 
take place in the environment used. 

RQ2 

Features analyzed Features analyzed. RQ3 
Recommendation for 
improvement 

Recommendation for improvement. RQ4 

Contributions Contributions of research. - 
Future perspectives Suggested research question for 

future work, if any. 
- 

A. Quantitative Analysis 

Quantitative analysis consists in providing the number of 
publications selected to be part of the systematic mapping, data 
cataloging and charting presenting a general approach of these 
studies (divided by year and place of publication). Table III 
shows the number of articles analyzed in the first and second 
filters, as well as the number of duplicate articles. 

TABLE III.  NUMBER OF ARTICLES 

Databases Returned 1° filter 2° filter Duplicated 
ACM 19 6 3 1 
IEEE 28 18 8 1 
Science Direct 8 2 0 0 

Scopus 82 29 4 14 

Total 137 55 15 16 

A total of 137 papers were obtained by running the query in 
the databases. Out of these 137 papers, 55 
title/abstract/keywords passed the first stage, and 15 were 
thoroughly reviewed (16 papers were duplicated, and 6 papers 
were not accessible). Fig. 3 presents the quantitative of articles 
that were selected to be read in full, according each digital 
library. 

 
Fig. 3. Number of articles selected in digital libraries. 

After removing non-relevant papers, finally, 15 papers 
passed all the aforementioned filters and were included in the 
review presented in this section. The list of included papers as 
well as information about their contexts, data sources, and 
evaluation are presented in Table V. Even though no temporal 
filter was applied when the queries were executed, all included 
papers were published until 2017. The number of articles 
published per year is presented in Fig. 4. 

 
Fig. 4. Articles published by year. 

B. Qualitative Analysis 

Below, we present an overview of the types of contributions 
made by the reviewed papers, according to the inclusion criteria 
and research questions that were defined previously. 

1) Types of Contributions 
To categorize the studies selected in this SM, we used the 

facet classification presented in Petersen et al. [3] because it is a 
good way to organize search types. Our classification scheme 
assembled one facet structured the topic in terms of the type of 
research. The classes that form the research facet are described 
in Table IV. 

TABLE IV.  RESEARCH TYPE FACET [3] 

Category Description 
Validation 
Research  

Techniques investigated are novel and have not yet 
been implemented in practice.  

Evaluation 
Research  

Techniques are implemented in practice and an 
evaluation of the technique is conducted (informing 
what are the consequences of the implementation in 
terms of benefits and drawbacks). 

Solution 
Proposal  

A solution for a problem is proposed, and it can be 
either novel or a significant extension of an existing 



technique. Benefits of the solution can be show by a 
small example or a good line of argumentation. 

Philosophical 
Papers 

Sketch a new way of looking at existing things by 
structuring the field in form of a taxonomy or 
conceptual framework.  

Opinion Papers Express the personal opinion of somebody whether a 
certain technique is good or bad, or how things should 
been done. They do not rely on related work and 
research methodologies.  

Experience 
Papers  

These papers explain on what and how something has 
been done in practice, being a personal experience of 
the author.  

Table IV presents categories to rank the studies, and it was 
applied after filtering process. The classification was performed 
considering only the articles included after the application of the 
second filter. The review distinguished between three types of 
contributions (see Fig. 5): 80 percent presented a solution 
proposal, 13 percent study of evaluation research, and only 7 
percent a search of validation research. The description of the 
papers is presented in the next subsection. 

 
Fig. 5. Research types. 

2) Description of papers and Research Questions 
There are many research areas in adaptive systems selected 

in this SM, and they are described below. To answer RQ1 
("What systems consider the learning style or cognitive profile 
of each student?"), we provide below a brief description of the 
papers selected in this systematic mapping. 

In research developed by [12], authors identify individual 
cognitive and personality characteristics to designing systems 
which can adapt to individual differences, validate them and 
discover appropriate design to deal with differences. Authors 
explain how individual characteristics are identified and 
describe how they were incorporated in an operational. At the 
end of the paper is presented the development of a system that 
integrates a set of tools and facilitates the creation and 
amendment of adaptive systems to allow rapid changes. 

User Interface Design Environment (UIDE) is presented in 
[13], and aim to provide adaptive behaviors both on interfaces 
and help as interface design options. This paper show how user's 
knowledge can be modeled to carry out tasks, and help automate 
the user interface design process at run time. The UIDE 

application model and user model will allow several forms of 
adaptive behavior provide explanations of how to carry out tasks 
based on the user's knowledge, in addition to rearranging menus 
and dialog boxes. 

An adaptive interface system named DB_Habits is presented 
in [14], and aim to incorporate knowledge about the underlying 
system to recognize repeated sequences of commands issued by 
the user. The system provides an adaptive user interface which 
discovers the tasks that each user performs from observation of 
that user's behavior those tasks are then made available to the 
user as meta-commands or macro scripts. The system builds a 
model of the user's tasks, and produce hypothesis about the 
tasks, in addition to provide methods for the user to teach novel 
knowledge directly to it through the collaborative interface. 

An ITS coupled with a semi-open learning environment is 
presented in [15]. The objective of this paper is to develop a 
student model representation for an intelligent tutoring system 
of a virtual laboratory, using probabilistic relational models. In 
this environment it is necessary to register student data and 
background to obtain an initial model of a new learner. As a case 
study, authors selected a simulated mobile robotics laboratory to 
be used, and evaluated the tutor and the student model, using the 
virtual robotics laboratory. 

In the same research area, an ITS coupled to a virtual 
laboratory for learning mobile robotics is proposed in [17]. It 
presents a model which integrates information from the students' 
pedagogical state, affective state, and the tutorial situation, to 
decide the best tutorial action from a pedagogical and affective 
point of view. Authors implemented a tutor that recognizes the 
affective state of the student and interacts in real time, and may 
be able to motivate students and improve the learning process. 
This proposal is based on emotions models, personality theories 
and teachers' expertise, and provides the student with the 
opportunity to learn through exploration within simulated 
experiments. 

An Affective Behavior Model (ABM) for ITS is presented 
in [18], and tutor considers the student' affective and 
pedagogical state, to select the best tutorial action. This model 
was integrated to an intelligent tutor for mobile robotics, 
allowing to the student receives a tutorial action composed by an 
affective and a pedagogical action (with the purpose of convey 
knowledge the student needs to know). In this sense, the tutorial 
action to be delivered to the student is determined by the 
affective behavior model. 

A framework for an Interactive Robot-based Tutoring 
System (IRTS) is described in [19]. The proposed system has a 
a robot tutor that interacts with a user, and combines computer-
based expert systems to simulate a human tutor, and systems 
which help users with physical interaction using robotic devices. 
The system train the user considering his ability and habitual 
weakness, measure his performance using its sensors during the 
training, generates the user model and provides appropriate 
training tasks. 

An adaptive e-learning system that identifies the initial user 
typology based on static features is presented in [20]. Authors 
divide groups of learning typologies according to the theoretical 
learning styles present in the literature. Clustering experiments 



were performed using the implementation of k-means algorithm, 
divided into two parts: the first focused on both study activities 
and motives and views, the second focused on study activities. 

Relying on the students' learning style, [21] presents a user 
model to enhance an Adaptive Intelligent Web Based Education 
System. In this paper, authors used an implicit method where 
users’ actions on mouse clicking can be detected, processed and 
kept in the user model, and adapt the course content using an 
adaptive presentation technique. About learning style prediction, 
Production-Fuzzy Rules Technique had a better result when 
compared to Naive Bayes.  

An ITS named CanadarmTutor for learning to operate a 
robotic arm is presented in [22]. This research was developed to 
support tutoring services, and consists in build a cognitive task 
model, a data mining approach for automatically building a 
constraint-based modeling, and a 3D path-planner to integrate 
an expert system into an ITS. The system was developed to train 
astronauts to operate a 7-degrees-of-freedom robotic arm, 
having tutoring services as support. 

The architecture of an adaptive robotic laboratory is 
described in [23]. The system allows robotic experiments to be 
performed via internet, and students autonomous control robotic 
devices. The system offers an environment flexible and 
configurable, and maintain a student model for each learner, 
storing their knowledge and skills, according to their 
performance in the environment. 

In [26], an adaptive educational system that supports 
constructing the user model was introduced to teach stepper 
motors to the students more effectively. In this system, students 
can express their learning preferences, stores the knowledge 
level in a separated user model, with custom content that 
considers learning style for each student. 

[27] presents the development of a system to materialize 
cognitive tasks by applying the cognitive architecture ICARUS 
to the humanoid robot platform Mahru-Z. Robot performs the 
task of stacking the blocks in conducted experiments, by sorting 
them according to colors, and can can send various sensor data 
to external servers. Authors build a TCP based communication 
interface for the communication between the cognitive 
architecture and the robot. Information change periodically, and 
the architecture and the robot easily adapt to the environmental 
changes. 

A robotic educational agent integrated into a math learning 
scenario to reengaging students using behavioral strategies is 
presented in [28]. Authors apply behavioral strategies 
comparable to that of a human teacher, and they focus on the 
math testing scenario to evaluate the role and students' 
engagement using a robotic agent. The user' behavioral state is 
determinate according student’s interactions with the tablet. 
Three information were analyzed to measure engagement: time 
required to answer a question, definition of answers, and suitable 
function executions. 

[29] outlines a set of design processes and considerations 
necessary to construct a Socially Assistive Robot (SAR) system, 
to help in teaching number concepts to preschool children. The 
approach developed support number concepts learning, and 
authors collected data to capture child performance applying 

learning style inventory questionnaire. This paper presents a 
hybrid approach through which the learning styles of the child 
participants and the exercises are defined by literature-based 
features. This paper presents an approach in which participants' 
learning styles and exercises are defined by characteristics based 
on the literature. 

To answer RQ2 ("What techniques of content adaptation are 
used?"), we describe below the techniques identified in the 
studies: 1 paper was based on Felder and Silverman learning 
style [29]; 1 paper grounded the research in cognitive 
architecture ICARUS [27]; 1 paper used Bloom Taxonomy and 
Vygotskij’s theory [23]; 1 paper grounded the research in ACT-
R and MIACE cognitive theories [22]; 2 papers used Naive 
Bayes [21], [26]; 1 paper used production fuzzy rule [21], 1 
paper was based on Vermunt's learning style [20]; 4 papers used 
Bayesian networks [15], [17], [18], [20]; 2 papers were based on 
OCC cognitive model [17], [18]; and 1 paper used  cognitive 
factors analysis of Van der Veer [12]. Fig.5 presents the graphic 
with techniques used. Fig.5 presents the graphic with relating 
amount and techniques used. 

 

To answer RQ3 ("What are the features analyzed in these 
papers?"), we found some and thye are described below: 
improvement of the interface, accessible interaction 
mechanisms, representation of the student model for tutoring 
systems, virtual laboratory that provides simulated experiments, 
cognitive model of emotions integrated to the tutor, 
improvement of user skill, association of techniques with Index 
of Learning Style. More details can be found on Table V. 

Finally, to answer RQ4 ("Is there any need to improve 
existing adaptation techniques? Which are?"), the information of 
each paper is described on Table V, followed of it' contribution 
and future perspectives. 

VI. CONCLUSION 

This paper presented a systematic mapping study to 
overview about adaptation content in robotic systems. We 
summarized papers that were published up to 2017. For this 
propose, we defined research questions and search strings to 
guide the automatic search on four databases. After running the 
search, 137 articles were selected. We filtered them based on the 
inclusion and exclusion criteria resulting in 15 studies. Inclusion 
and exclusion criteria were defined to help us answer the 
research questions.  



We have found little research related to adaptive robotic 
learning environments. This indicates that this area of research 
is still being developed. From all the results described above, we 
can extract several main responses to our four research 
questions. Most of the proposed are not associated with robotic 
systems. [15], [17], [18] and [22] use robotic programs 
simulated. [23], [27], [28] and [29] use robotic devices. [23] uses 
Arduino and Lego Mindstorms, [27] uses the robot platform 
Mahru-z, [28] uses Darwin robot., and [29] uses Aldebaran 
NAO robot. 

This study identified studies in several areas: systems which 
can adapt to individual differences in personality and cognitive 
style [12], knowledge base model of the user interface design 
environment [13], adaptive interface system [14], intelligent 
tutoring system [15], affective behavior model [17] [18], 
framework for an interactive robot-based tutoring system [19], 
adaptive e-learning system [20], comparison between 
Production-Fuzzy Rule and Naive Bayes [21], multiparadigm 
approach to support tutoring services [22], adaptive remote 
robotic laboratory [26], cognitive architectures [27], robotic 
educational agent [28], and assistive robot tutoring system [29].  

We hope that this work help researcher interested in working 
with adaptive robotics systems that associate learning styles, 
student model and cognitive profiles. 
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Type of 
study 

Robot 

Techniques 
of content 
adaptation 

Features Analyzed 
Recommendation for 

improvement 
Contributions Future perspectives 

RQ1 RQ2 RQ3 RQ4   

[12] 1993 
Solution 
Proposal  

- 

Cognitive 
factors 

analysis of 
van der Veer. 

Level of spatial ability and 
field dependence and the 
characteristics of the 
command interface which 
they took to be the 
openness and flexibility of 
the dialogue. 

The user interacts directly 
with the target system 
which then exploits its 
knowledge of users and 
the domain to adapt the 
system appropriately. 

An interface style which 
minimizes navigation and 
constrains the dialogue, is 
suitable for users with both a 
low spatial ability and low 
experience of using 
command language style 
interfaces. 

Interfaces should not be designed 
which require users to traverse a 
number of systems or a multi-level 
hierarchy and which do not provide 
adequate reference points: such 
systems require users to have a high 
level of spatial ability and many 
users do not have this characteristic. 

[13] 1993 
Solution 
Proposal  

- - 

The model represents 
some of the application’s 
semantics and the 
interaction mechanisms 
used to access those 
semantics. 

Though performance time 
data are used, UIDE 
adaptations are not aimed 
at making users type faster 
or move the mouse 
quicker. We are more 
interested in interfaces 
which are dynamic and 
keep up with the users.  

Allow to provide several 
forms of adaptive behavior. 
We will be able to provide 
explanations of how to carry 
out various tasks based on the 
user’s current knowledge. 
Similarly, the amount of 
detail and extent to which 
detail is repeated in an 
explanation can be adapted. 

Their long term goal is to make 
UIDE self-adapted; that is 
continually being able to evaluate 
adaptations automatically using 
collected user performance data 
and pre-defined analysis 
techniques. 

[14] 1993 
Solution 
Proposal  

- - 

Uses pattern recognition 
techniques, enhanced by a 
number of small-scale 
knowledge-based systems 
(KBSS) communicating 
via a blackboard, to locate 
repeated sequences of 
commands in recordings 
of the user-system 
interactions.  

Because of the wide range 
of user variability, the 
system can only produce 
hypothesis about a user's 
tasks and must seek advice 
horn that user to verify and 
refine the models it builds. 

Authors advocate building 
systems which adapt their 
interface to the individual 
user, based on observation of 
that user. 

A perhaps surprisingly small 
amount of low-level Domain 
Syntax Knowledge improves the 
quality, both subjectively and 
objectively measured, of the results 
produced by DB_Habits.  

[15] 2005 
Evaluation 
Research  

Simulated. 
Bayesian 
networks 

Develop a student model 
representation for an 
intelligent tutoring system 
of a virtual laboratory, 
using probabilistic 
relational models. 

- 

Offers a semi-open learning 
environment providing the 
students with the opportunity 
to learn through exploration 
with different aspects and 
parameters for the 
experiments. A system to 
assess the effectiveness of 
learner exploration behavior 
and experiment performance 
at different levels of 
granularity is developed. 

Extend the evaluation of the tutor 
with more experiments, and 
designing a model to integrate an 
affective behavior to the intelligent 
tutoring system in order to provide 
students with a suitable response 
from a pedagogical and affective 
point of view. 

[17] 2006 
Evaluation 
Research  

Simulated. 

OCC 
cognitive 
model of 

emotions, and 
dynamic 
Bayesian 
networks. 

Developed an intelligent 
tutoring system coupled to 
a virtual laboratory. This 
environment provides the 
student with the 
opportunity to learn 
through exploration within 
simulated experiments.  

- 

Affective behavior model is 
being integrated to an ITS 
coupled to a virtual 
laboratory for teaching 
mobile robotics. 

The next phase is to integrate the 
affective behavior model to the ITS. 
Then, they will conduct some 
experiments to compare the 
improvements in learning and 
affect of the students with the 
incorporation of the affective 
components, against the ITS 
without affective components. 

[18] 2008 
Solution 
Proposal  

Simulated. 

OCC 
cognitive 
model of 

emotions, and 
dynamic 
Bayesian 
networks. 

The affective behavior 
model integrates an 
affective student model 
based on the OCC 
cognitive model of 
emotions and relies on a 
probabilistic network. The 
tutor model is rooted in 
teachers’ expertise and 
intuition.  

The study consisted in 
presenting to students 
three different tutorial 
scenarios and the affective 
and pedagogical action 
selected by the affective 
behavior model 
considering the affective 
student state and the 
tutorial situation presented 
in the scenario.  

Development of a decision-
theoretic affective tutor 
model, which selects a 
tutorial action, based on the 
affective and the pedagogical 
state of the student; and the 
refinement of this model 
based on the opinions of 
experienced teachers in the 
domain.  

The next step is to complete the 
integration of the ABM with the 
ITS for learning mobile robotics; 
and then to conduct another user 
study.  

[19] 2010 
Solution 
Proposal  

- - 

The results demonstrated 
that the system was able to 
improve user’s ability as 
well as correcting the 
habitual weakness. 

- 

A robot tutor interacts with a 
user in a real environment, 
and trained the user 
considering his ability and 
habitual weakness. The 
system was able to provide a 
suitable training task to the 
user by combining the 
proficiency-based and 
propensity based training 
units.  

The experiments will be expanded 
to various types of subjects with 
different ages and abilities to 
validate the effectiveness of the 
system. 

[20] 2010 
Solution 
Proposal  

- 

Vermunt’s 
Learning 

Styles model. 
Bayesian 
Network. 

New techniques for 
investigating the 
correlation be- tween the 
intermediate attributes and 
learning types.  

The discrepancies 
observed in the results can 
be eliminated by careful 
design of the 
psychological test which 
measures the initial user 
static features. 

Employment of a clustering 
method to determine the 
different groups of learning 
typologies, corresponding to 
the theoretical learning styles 
present in literature. The 
model for the adaptive e-
learning system combines 
features from aptitude-
treatment and the micro-
adaptive model, enhanced 
with the constructivist 
collaborative approach.  

To eliminate discrepancies, authors 
propose the following measures: 
(1) removing the regional and 
cultural scores from the analysis 
(and the corresponding initial 
questions) and (2) applying the 
questionnaire on samples from all 
the interest groups (from all the 
study years). 

[21] 2011 
Solution 
Proposal  

- 
Production-
Fuzzy Rule 
(PFR) and 

Which technique is better 
for replacing Index of 
Learning Style (ILS) as a 

Production-Fuzzy Rules 
Technique is more suitable 

Adaptive Intelligent Web 
Based Educational Systems, 
which is developed for this 

- 



Naive Bayes 
techniques. 

modality for learning style 
detection tools. 

to predict the user’s 
modality learning style. 

research allow users to adapt 
the most appropriate course 
to suit their modality learning 
style. 

[22] 2013 
Solution 
Proposal  

Simulated. 

Cognitive 
model is 

based on the 
ACT-R and 

MIACE 
cognitive 
theories. 

Observed that the tutoring 
services were generally 
helpful and appreciated by 
users and that, in general, 
users did not repeat the 
same mistakes after 
receiving feedback.  

- 

Simulation-based tutoring 
system to train astronauts 
how to operate a 7-degrees-
of-freedom robotic arm 
deployed on the International 
Space Station (ISS). 
CanadarmTutor offers a 3D 
simulation of the arm and the 
space station, which let 
learners to operate the arm in 
a safe environment. 

- 

[23] 2017 
Solution 
Proposal  

Arduino e 
Lego 

Mindstorms 

Vygotskij’s 
educational 

theory. 
Bloom’s 

Taxonomy. 

Mindlab2 adds aspects of 
personalized and adaptive 
e- learning in a usual 
environment supporting 
learning by tele operation 
of robotic devices.  

In MindLab2, adaptive 
provision of problems is 
added to the capability of 
full interaction with the 
physical devices of the 
laboratory. 

The learner can build her 
personal learning path, by 
selecting problems in an 
available repository, guided 
by her interest, preferences 
and learning goals, with the 
only constraint given by the 
limitation to choose problems 
that are in the affordable 
zone. 

Authors have yet to perform a field 
experimentation, due to the fact that 
teaching time is still to start at the 
time of writing the paper. The 
integration of simulation drivers 
into the system is a primary aim for 
future work. The development of 
the theoretical model underlying 
the system, regarding specially the 
definition of a more extended 
student model. 

[26] 2007 
Validation 
Research 

- Naive Bayes. 

The system gathers data 
from the users (students) 
on-line as well as updates 
the user models 
continuously. Moreover, 
the system has such 
abilities as guiding and 
serving additional 
explanations according to 
the users’ preferences and 
defects in the knowledge 
domain. 

- 

System presents the materials 
with special media tools and 
content types considering 
learning style for each 
student. Students are tested 
when the first session is 
started. Models are updated 
with interactions applied by 
users. The system determines 
the knowledge status of each 
user for each concept which 
consists of the domain model. 

- 

[27] 2010 
Solution 
Proposal  

Robot 
platform 
Mahru-Z. 

Cognitive 
architecture 
ICARUS. 

System structure also 
facilitates easy updating of 
various application 
services, through the 
network, so the same robot 
can be used to provide 
improved services 
depending on its 
environment and 
commands. 

Physical restrictions in the 
robot platform have added 
complexities in various 
dimensions, but the 
architecture successfully 
manages to produce a 
valid procedure to achieve 
the given goals. 

A new system to materialize 
cognitive tasks in the real 
physical domain by applying 
ICARUS. In this paper, 
experiments are conducted 
such that a robot performs the 
task of stacking the blocks by 
sorting them according to 
colors in the Blocks World 
domain.  

Verify the capacity of the 
architecture by a simple task called 
the “block stacking problem”; so 
now this architecture might be used 
in more diverse and complex tasks 
in near future. 

[28] 2013 
Solution 
Proposal 

Darwin robot. - 

Math testing scenario to 
evaluate the role and 
effectiveness of 
engagement using a 
robotic agent. 

- 

System that integrates a 
robotic educational agent into 
a math learning scenario and 
discuss the processes 
employed to reengage the 
student using behaviors 
comparable to that of a 
human teacher. 

Expand this research to use children 
as subjects rather than college-aged 
individuals and older, and 
implementing a proper robotic tutor 
that employs machine-learning 
techniques to build a model of the 
student with whom it is interacting. 

[29] 2015 
Solution 
Proposal 

Aldebaran 
NAO robot.  

 

Felder and 
Silverman. 

Socially Assistive Robot 
(SAR) tutoring system to 
support the efforts of 
educators in teaching 
number concepts to 
preschool children. 

Train a personalized 
number concept learning 
model constructed using 
literature-based and expert 
knowledge on number 
concepts learning. 

Presented an interdisciplinary 
design process, a multimodal 
data collection, and initial 
results for a SAR approach to 
personalized education, 
specific to preschool number 
concept learning. 

Authors intend to explore the 
multimodal aspects of the children's 
interactions in greater detail. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




