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Abstract 
 
This dissertation proposes an initial framework for designing and presenting exhibits in science 
centers for approaching the three main powers; attracting power, holding power and learning 
power, based on the results of visitor studies. Another goal of this research is to recommend 
methods for improving the educational role of planetariums in science centers. 
 
Data for this research have been collected in June and July 2004 in Falun Science Center; 
affiliated to Dalarna University. The Science Center includes a planetarium (Stella Nova) and 
different exhibitions and a Knowledge Maze. Most of exhibits of the Science Center have been 
built by the students of Science Communication. The researchers used different methods such as 
observations, interviews and questionnaires for data collection. They used an initial framework 
recommended by C.Barriault (1998) , for evaluating visitors’ learning.  
 
The specific objectives of this summative evaluation are to identify effective elements in exciting 
and learning components of exhibits and planetariums .This investigations results in an initial 
framework that determines important parameters in designing and presenting exhibits and 
planetarium programs in a science center. 
 
Keywords: science center, science communication, visitor studies, interviews, questionnaires, 
interactivity, exhibits, exhibitions, visitor observation, planetarium, visitor behavior, learning 
behavior, attracting power, holding power, learning power, museum, planetarium program, 
exhibit design. 
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1 Introduction 
 
 

1.1 Theoretical background  
 
During recent years, different science centers have been built all over the world. It is obvious that 
development of science centers has a close relationship with understanding of science by ordinary 
people. Without a popular literacy, getting scientific goals in a community is nearly impossible. 
Needless to say that Science centers are powerful tools in informal learning. That is why different 
communities are trying to build science centers based on their cultural, social and economical 
situations for teaching science to the public. 
The results of different research and also available experiences indicate that building an attractive 
science center equipped with a planetarium will be welcome by the public. 
 
It is obvious that research and evaluation are main tools for achieving the educational goals in 
science centers .Although there are some differences between research and evaluation. Evaluation 
is more practical than theoretical, aimed to solve specific practical problems based on the 
judgment of evaluators .But research is done to increase and expand general knowledge without 
emphasizing on any particular outcome. 
 
Development of science centers and planetariums in recent years has encouraged the researchers 
to pay attention to the subject of visitor studies seriously. They have been trying to understand 
how they can make the exhibits and planetarium programs more exciting and educational for 
ordinary people. For getting this goal, visitor studies play a very important and effective role. 
 
Visitor study is about observing users of museums and science centers in order to gain 
understanding of their needs, wants and knowledge. It is about what visitors gain from 
observation or interaction with exhibits. Visitor studies help us to make museums and science 
centers more educational and exciting for visitors by increasing the attractive power (what extent 
visitors stopped to look at an exhibit) , holding power (how long visitors stay looking at an 
individual exhibit) and learning power (how much visitors learn from interacting with an exhibit). 
 
Hein is one the most famous researchers who has very valuable research and contributions 
regarding visitor studies in museums and science centers. He (1998) believes that Visitor studies 
arise out of the educational role of them. He also argues that Visitors studies illustrate different 
assumptions about learning and how to study it in museums and science centers. 
Hein (1998) describes the aim of visitor studies obviously as follows: 
 

“Visitor studies are carried out because we are interested in finding out what visitors 
think and how they feel about their visits. The actual empirical work of visitor studies 
has to be limited to a study of human behavior. No matter how much we wish to 
ascribe meaning to this behavior, and no matter how much we may believe that the 
significant action takes place in the mind, we must still begin with what people 
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actually do and say. Whether more  quantitatively  or qualitatively inclined, all 
researchers and evaluators are limited by what they can actually “see”(or “hear” or 
“feel”) about others, and the only attributes that are directly available to us are 
people’s behavior, or changes in that behavior.”  

 
Hein (1998) states that three approaches are relevant to assessing the results of the educative 
function of museums and science centers .He (1998) believes that the field of visitor studies has 
addressed each of these three components, although not with equal intensity ; 
 

1. Visitor assessing and finding whether a visitor has learned anything from a visit to 
a museum or science center. 
2. Evaluation of the activity itself and finding whether exhibits make impact. 
3. Research on how people learn in general and application of the result to formal 
learning. 

 
The history of visitor studies starts with the name of Higgins. He was the first person who studied 
visitors to the Liverpool museum in 1884 and classified them as Students, Observers and 
Loungers as well as emphasized the educational value of museums. But as Hein believes; the lack 
of a systematic work continued despite the fact that, generally, museums were recognized by 
their supporters as important educational institutions. 
 
During the first 50 years of 20th century, Benjamin Ives Gilman and Alma Wittlin are the 
researchers who have contributions regarding visitor studies. Gilman writes the paper Museum 
Fatigue in 1916 which is about physical problems associated with viewing exhibits that are 
awkwardly placed in galleries. Another study is carried out by Wittlin in 1949.She publishes a 
history of museums in which she emphasizes the expansion of educational role of museums. She 
sets up experimental galleries within the University Museum of Archeology and Ethnology in 
Cambridge and studies visitors. She classifies her findings under three main categories:  
 
1. What visitors think about museums? 
2. The reactions of people to specific features of exhibits 
3. A comparison of responses to the two types of exhibitions which they viewed. 
 
William S.  Robinson and his student, Arthur W. Melton, are the persons who have a systematic 
work and a quite different contribution regarding studying behavioral characteristics of visitors in 
different science and art museums.   
Hein (1998) states that the importance of these studies as follows: 
 

 These studies of the behaviors of adult visitors have provided definitions and a 
baseline for understanding visitors in museums that have influenced the visitor 
research performed since….the most enduring findings from this work were the 
definition of attracting power (to what extent visitors stopped to look at an object) 
and holding power (how long visitors stay looking at an individual objector an entire 
gallery), first defined by Robinson (1928).” 

 
There are two different approaches to understanding learning in museums in early behavioral 
research: naturalistic, qualitative research and experimental design, quantitative research.  
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Hein describes the difference between these two approaches clearly: 
 

“Differences in the attitude toward that observable behavior distinguish the various 
research paradigms. On the whole, quantitative researchers are more likely to 
analyze and classify the behavior itself. They used concepts and language that remain 
closely related to observed behavior and generalize about levels of behavior. Thus, 
they are likely to focus on those properties that can be quantified, carefully defined, 
and used to generalize….Naturalistic researchers, in contrast, are interested in the 
meaning behind a behavior and in explanations that provide a description of the 
behavior within a theoretical scheme. They do not limit themselves to schemes where 
all the components can be linked to the same causal chain. ” 

 
Melton (1935/1988) uses time as a determining variable to provide a detailed and precise 
definition of observation. He relies on numbers and statistics and tries to standardize his 
experimental methods as well as to generalize his data taking in account for all possible variables. 
But Wittlin (1949) describes her summarized observations in qualitative terms and relies on 
selected samples of the raw data and the immediacy of her work as well. The two researchers, 
despite all differences in their opinions, emphasize the educational role of museums and provide 
new information regarding visitor studies. They try to generalize the results of their research and 
make statements to buttress their arguments.  
 
During the post-ward period, 1950 to early 1960s, there is a rapid growth in museums and 
museum profession in size, like establishment of The International Council of Museums 
(ICOM).But unfortunately, there are not noticeable contributions regarding visitor studies during 
this time. The Royal Ontario Museum and The Milwaukee Public Museum are the centers in 
which a few research have been carried out during this period. The total number of publications 
about museums and museum education is only nine in the entire twenty year from 1940 to 1959. 
 
1960s is the time for a fast rapid expansion in visitor studies due to rise of social services, 
research activities and program evaluation in formal education. The activities continue and visitor 
studies expand dramatically. In 1974, the evaluation network is founded. It merges with the 
evaluation researc h society to form The American Evaluation Association. Hein (1998) states that 
although academic work on the program evaluation, including the studies of visitor behaviors in 
museums, occur before the mid-1960, but the application of the term program evaluation to a 
standard aspect of educational activity, at least in the united states ,is a direct result of president 
Johnson’s anti-poverty program. Evaluation as a growing profession spreads to museums as well 
as science centers and affects visitor studies. The funds which are spent on exhibits and 
planetarium programs eva luation increase and it, in its turn, results in the robust activities now 
carry out by academics, museum employees and eager students. 
 
Hein (1998) emphasizes the importance of visitor studies that have been carried out by Roger 
Miles: 
 

“Much of the early work stems from the efforts of Roger Miles (Miles et al. 1988) and 
his colleagues at the Natural history Museum, who followed the lead of United States 
evaluators active in the 1970s to develop exhibition policy based on visitor studies… 
Whatever the motivations, visitor studies as a professional activity has grown 
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rapidly…..As late as the 1960s,the number was a few hundred for the decade; now 
they number at least in the hundreds if not over a thousand annually… 
Similarly, the field has produced professional museum evaluators, some working 
within individual museums and others thriving as independent contractors.” 

 
Bourtourline and Weiss (1963) are the first persons who have contributions about visitor 
interactions with exhibitions. Evan (1995) notices that physical factors can support or limit 
visitors comfort and attention to exhibit components. Hedge  (1995) recommends human factors 
which are crucial for learning in museums and science centers. McLean (1993) and Miles (1998) 
study human  factors from an educational perspective Human factors, called ergonomics, cover 
different aspects of exhibition design such as appropriate height of exhibits for different 
audiences, human responses to different uses of space and various options for illumination 
(Hein,1998).Attention to ergonomic factors, as Hein (1998) states, can make a difference in 
visitor’s attention and engagement with exhibits, as well as in their learning, regardless of the 
definition for learning.  
 
Lynch (1960) and Hiss (1990) discuss that orientation and other environmental psychological 
factors play an important role in museums. Hein (1998) pays attention to the fact that visitor 
comfort is an important prerequisite for visitor learning. He mentions that comfort, covers a wide 
range of factors from simple physical comfort to psychological conditions and emphasizes that it  
is a necessary for learning in museums. He states that light level, wall colors, placement of exits 
and entrances, noise, crowds , visitor Traffic  flow; all influence visitor perceptions and, therefore, 
visitor comfort. 
 
Davidson (1991) expresses that increasing accessibility to the physical and intellectual contents 
of an exhibition doubled average vis itor time in a gallery. 
Adding labels can double visitor time on exhibits (Pear 1984) as well as knowledge gain ( Hein, 
1998). Bitgood (1987) showed that by changing placement, content, style and length of labels, 
the time that visitors spend on exhibits will increase dramatically. Hein (1998) states that 
although a majority of visitors appear to ignore labels as they walk through an exhibition, or do 
not pause long enough to “read” the text, based on knowledge of common reading speeds, some 
still capture the content of the interpretive materials. 
 
Learning in museums and science centers as well as in planetarium programs have been 
discussing by different researchers. Hein (1998) argues that a definition of learning in museums 
is dependent on theories of education, as these are embedded in other, larger concepts. He says: 

 
Understanding learning as a developmental process has given rise to two different 
kinds of approaches to studying visitor learning. On the one hand, researchers have 
focused on categorizing visitors by their previous experience with museums and their 
familiarity with the subjects on display. On the other hand, visitors have been studied 
in terms of their general stages of development, with younger and older children and 
adults considered unique categories of visitors. 
 

 
Gardner (1985) recommends his multiple intelligence theory including seven ways to engage in 
thinking, each of which describes a unique cognitive style for interpreting and organizing 
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phenomena and understanding the world. These seven intelligences include Linguistic, musical, 
logical-Mathematical, spatial, bodily-kinesthetic, interpersonal and intrapersonal. 
 
Perry (1992) argues six factors for a successful museum experience that leads to learning as 
follows: 
? Curiosity: The visitor is surprised and intrigued. 
? Confidence: The visitor has a sense of competence. 
? Challenge: The visitor perceives that there is something to work towards. 
? Control: The visitor has a sense of self-determination and control. 
? Play: The visitor experiences sensory enjoyment and playfulness. 
? Communication: The visitor engages in meaningful social interaction. 
 
Falk and Dierking (1995) recommend a list of attributes of “what people learn as a consequence 
of museum experiences” at the Annapolis Conference in 1995: 
? Museums make content and ideas accessible, facilitating intellectual “connections” and 

bringing together disparate facts, ideas and feelings. 
? Museums affect values and attitudes, for example facilitating comfort with cultural 

differences or developing environmental ethics. 
? Museums promote cultural, community and family identity.  
? Museums foster visitor interest and curiosity, inspiring self confidence and motivation to 

pursue future learning and life choices. 
? Museums affect how visitors think and approach their worlds, in contrast to what they think. 
 
Barriault (1998) recommends an initial framework for eva luating visitors’ learning. The 
framework includes 8 different behaviors as indicatives of depth of learning including doing the 
activity, observing the exhibits or others, support or assistance by staff or other visitors, repeating 
the activity, positive emotional response, acknowledging relevance, seeking/sharing information 
and engagement/involvement.  
 
Hein (1998) discuss that Learning can only occur when visitors can connect to what they already 
know, can make an association between what they bring to the exhibition and what is presented. 
He argues that Visitors do “make meaning” in museums; they construct an understanding from 
what they see, touch, and manipulate. Bitgood (1994) states that exhibit function best when they 
relate to visitors´ prior interests. Roschelle (1995) expresses that a large body of findings show 
that learning proceeds primarily from prior knowledge and only secondary from the presented 
materials.  
Hein (1998) emphasizes the role that interactivity plays in learning and says that there can be no 
learning (or meaning making) if there’s been no interaction. He adds that in order for learning to 
occur in the museum, the visitor has to attend something. 
 
Overall, as Hein (1998) argues, what we know about visitor’s learning is determined by our 
choices among possible definitions of learning and differing research paradigms. 
 
In spite of the fact that many visitor studies  have been carried out in recent years, it is still needed 
to know more detailed information for attaining the educational goals of science centers, 
planetariums and museums. Hein (1988) emphasizes that there are many documented instances, 
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but little coherent theory regarding visitor studies. He mentions that although there is 
considerable evidences about what visitors do in museums, yet what the results of these 
experiences are for the visitor is ill-defined.  
Visitor studies undertake to obtain data about visitors’ behavior in order to make changes and 
improvements in making and presenting exhibits and planetarium programs. As Serrel (1996) 
states, Evaluation in museums and Science Centers is not optional; It is mandatory.  
 
There are many parameters which can affect individual opinion and behavior as well as the level 
of learning during visiting a science cente r. That is why the researchers, who are active in this 
field, need to continue studying visitors more and more. They have been always looking for 
finding better ways to make the science centers and planetariums more educational and exciting 
for general public. Scientific facts have no end and research in this field like research in other 
scientific fields will be continued. As visitor studies becomes more effective and practical, the 
museums and science centers as well as general public will benefit from it. That is why museums 
and science centers practitioners are interested in understanding their visitors´ opinions and 
experiences. 

 
It may well be , for both children and adults, that museum-going involves a Parallel, 
unique interaction in the world that provides its own intellectual benefits and should 
be examined not in terms of what is known about learning in other settings but by 
what can be learned about learning from studying it.(Hein, 1998) 

 
 

1.2 Aim of this study 
 
The authors of this dissertation started to have their first serious research in visitor studies during 
their internship and study field in Falun Science Center at Dalarna University.  The study is a part 
of Master’s Program in Science Communication at Dalarna University and the researchers are the 
students of the program. Most of the Exhibitions have been made by Master’s students in Science 
Communication .The exhibitions include: Mirrors, Perspectives, Traffic, Comets, Electricity and 
Mathematics. The visitors are different groups of school children from Falun and villages which 
have been located around the city. 
 
 This study investigate the science center learning experience from visitors viewpoints ,by taking 
a close look at visitor interactions with exhibits, interviewing with visitors and making 
questionnaires through qualitative methodologies including data collection and analysis. This 
investigation will result in an initial frame work for designing and presenting exhibits and 
planetarium programs in science centers. 
 This contribution is not only the results of first experiences of two science communication 
students; it is also an effort for developing the available knowledge and finding new facts in this 
field. Although the authors have demonstrated their knowledge and evaluations based on the 
contributions of giant researchers who have been active in the field of science centers and visitor 
studies, but they have tried to discover new facts as well as to test  the results of other research, 
based on what they have found from their observations, interviews and more than 400 
questionnaires.  
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2. Methods: 
 
 

2.1 Field Study 
 
This study is a Master’s thesis in Science Communication at Dalarna University. The field 
research has been conducted in Falun Science Center affiliated to the University from April 24 to 
June 5. The Science Center was also open for the public on Saturdays. Table 2.1 shows the time 
schedule of the visits to Falun Science Center. 
 
The researchers are two Master’s students of Science Communication and have done their 
Internship and study field in Falun Science Center which has been located in Falun, Sweden.  
 
The visitors are children from different schools located in Falun and some villages around the 
city. They are in different age grades from 4 (10 years old) to 10 (16 years old).27 school groups 
visited the Science Center during the internship. Two of them were studied by an A level student 
of Science Communication. The researches studied other 25 groups, by considering the fact that 
22 of 25 groups replied the questionnaires.  
 
.This Science Center includes three main parts: Exhibitions, a planetarium (Stella Nova) and an 
outdoor Knowledge Maze. 
 
 
2.1.1 Exhibitions: 
 
Most of the exhibitions of the science center have been made by Master’s students of Science 
Communication at Dalarna University during the course Applied Museology. There are also some 
other exhibitions which have already been made by prior students of Science Communication. 
The exhibitions are as follows: 
 
? Mirrors 
? Electricity 
? Traffic (Mathematics and Traffic) 
? Mathematical Puzzles 
? Comets 
? Perspectives 
? Mathematics in the World 
? Miscellaneous Exhibits   
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2.1.1.1 Mirrors  
 

 
 

Figure 2.1 Mirrors Exhibition, Falun Science Center, photo by Kayvan Seyed Nejadian  
 
 
The exhibits of this exhibition had been constructed, designed and built by the researchers and 
two co-students. The exhibition includes 10 exhibits: 
 
1.  Flat Mirror    
2.  Chess Mirror                                                                                               
3.  Corner Reflector Mirror   
4.  Curve Mirror                                                                                        
5.  Up-down Mirror  
 

6.  Periscope  
7. Kaleidoscope   
8. Parallel Mirrors (Look into Infinity)   
9. Images Mixer (Zebra Mirror) 
10. Light Reflector Squares 
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2.1.1.2 Electricity  
 

 
 

Figure 2.2 Electricity Exhibition, Falun Science Center, photo by Per Broman 
 
 
This exhibition includes 13 exhibits: 
 
1.  Magnet field and current                                        
2.  Do you have a steady hand?                                   
3.  Parallel and series circuits                                      
4.  Measuring current through resistances                   
5.  Capacitor and battery                                              
6.  The electrical motor                                                
7.   Measuring current through bulbs in series 

8. Parallel and series batteries 
9. Flags and countries 
10. Cupper as a conductor 
11. Conductors  
12. 3-D Shadow 
13. Electrical circuits                           
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2.1.1.3 Traffic (Mathematics and Traffic) 
 

 
 

Figure 2.3 Traffic Exhibition, Falun Science Center, photo by Per Broman 
 
 
This exhibition includes 7 exhibits: 
 
1.  Friction  
2. Air bag  
3. Vision  
4. Boom crash 

5. Percent 
6. Reaction 
7. First aids 
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2.1.1.4 Mathematical Puzzles  
 

 
 

Figure 2.4 Mathematical Puzzles Exhibition, Falun Science Center, photo by Per Broman 
 
 
This exhibition includes 19 exhibits: 
 
1.  Make a cubic     
2.  Make a pyramid 1 
3.  Make a pyramid 2                                                      
4.  Pythagoras and the squares  
5.  Geometrical figures                                                   
6.  Tic Tac Toe (Luffarschack) 
7. T Puzzle                                                                     
8. Tangram Puzzle  
9. Martas mattor                                                             
10. Maze (Labyrinten) 

11. 25-Squares (kvadraten) 
12. Something we do by ourselves 1( Solitar) 
13. Something we do by ourselves 2 (Solitar) 
14. Something we do by ourselves 3 (Solitar) 
15. Something we do by ourselves 4 (Solitar) 
16.   Naum Gabo                             
17. Magic Squares 1 
18. Magic Squares 2 
19. Magic Squares 3 
                                    

 
 
 



   20 

 
2.1.1.5 Comets 
 

 
 

Figure 2.5 Comets Exhibition, Falun Science Center, photo by Kayvan Seyed Nejadian  
 
 
This exhibition includes 20 exhibits: 
 
1.  Cosmic collisions  
2.  Make an orbit                                    
3.  Make your own craters                     
4.  How big is it?                                   
5.  What is a Comet?                              
6.  Comet types and orbits                     
7.  Solar wind effects                             
8. A model of sun and planets               
9. Coloring station                                 
10. Edmond Halley                                
 

11. Shoemaker-Levy 
12. Oort cloud 
13. Famous Comets 
14. Comet hysteria 
15. Kuiper belt 
16. The Comet caused that? 
17. Caroline Herschel 
18. Star-bright, right 
19. Blessings in disguise-situations of dread 
20. Comet quiz 
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2.1.1.6 Perspectives  
 

           
 

Figure 2.6 Perspective Exhibition, Falun Science Center , photos by Hamid Asgari 
 
 
This exhibition includes 10 different exhibits. 
 
1. An image which fools your mind and impossible figures. 
2. 3D in different ways  
3. Perspective on earth and widened views (1) 
4. Perspective on earth and widened views (2) 
5. See the world from children’s perspective 
6. How does your dog or cat see the world? 
7. One point perspective equals central perspective. 
8. Landscape, color and depth 
9. Cubically curious questions and answers (test your knowledge and perspective) 
10. Dutch painter technical help 
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Mathematics in the World: 
This exhibition includes 9 exhibits. 
 

      
 

      
 

      
 

Figure 2.7 Math in the world Exhibition, Falun Science Center, photos by Per Broman 
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2.1.1.8 Miscellaneous exhibits: 
 

      
 
                     Gravity Cone                                                  Nail Chair  
 
 

        
  
                     The Ames Room                                        The Ring on the Stick 
    

Figure 2.8 Miscellaneous Exhibits, Falun Science Center, photos by Hamid Asgari and Per Broman 
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2.1.2 Stella Nova Planetarium  
 
Stella Nova Planetarium had the capacity of 35 people , equipped with a Computer, Sound 
system, a professional planetarium projector and a slide projector. The planetarium Program 
consisted of two main parts: Slide Show and Starry Sky.  
 
2.1.2.1 Slide Show 
 

 
 

Figure 2.9 Science Communication Students at Stella Nova Planetarium, photo by Per Broman  
 

 
There were three slide shows for presenting in the first part of planetarium program: 
 
1) Andromeda story: for kids in grades 4, 5 or 6.The duration of this program is about 12minutes. 
 
2) Journey through space: for kids in grades 7, 8 or 9 (and sometimes for  grades 5 and 6). The 
duration of this program is about 16 minutes. 
 
3) The Planets of our solar system:  for grades 10 and over. The duration of this program is about 
20 minutes. 
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2.1.2.2 Starry Sky 
  

 
 

Figure 2.10 Autumn Sky, Starry Sky, Stella Nova Planetarium, Image by Per Broman 
 
 
The second part of the planetarium program in Stella Nova Planetarium was Starry Sky. In this 
section, the operator of the program (one of the researchers or local supervisors), showed and 
explained the different famous constellations in spring and/or autumn sky. 
 
The y explained famous constellations in spring sky including Lion, Big Dipper, Venus and 
Uranus, as well as in autumn sky including Big Dipper, Polaris, Cassiopeia, Andromeda, 
Pegasus, Pursues, Summer Triangle and Milky Way.  
 
The duration of the whole program for each group of visitors was about half an hour. 
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2.1.1 Knowledge Maze (Kunskapslabyrinten) 
 
 

 
 

 
 

Figure 2.10 Knowledge Maze, Falun Science Center, photos by Hamid Asgari 
 
 
The Knowledge Maze of Falun Science Center (FALU VETENNSKAPCENTRUM) has been 
made by Lars Broman and co-workers for Teknoland 2000. Figure 2.11 shows the Schematic of 
Knowledge Maze. 
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          OUT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.11 The Schematic of Knowledge Maze  
  
 
Visitors enter the knowledge Maze and start to reply different questions about space. They should 
reply all questions in different stations correctly for finding the right way to exit the Knowledge 
Maze at the end of their visit (after answering all questions correctly). 
The questions are about space and have been provided in two different levels: Adults’ Questions 
and Children’s Questions. 
 
2.1.3.1. Adults’ Questions about Space 
A1: In which constellation can you find the red giant star Betelgeuse? Orion go to left/Big dipper          
go to right 
A2: No, Betelgeuse is a star in Orion. What is the real name of the little star cluster called The 
seven sisters? The Pleiades go to left/The Hyades go to right 
A3: Correct answer is the Pleiades. Turn back! 
B1: How long has the earth existed? About 4.5 billion years go to left/About 6000 years go to               
right 
B2: No, The age of the earth is about 4.5 billion years. What is the event called when the universe 
begun to exist? Big birth go to left/Big bang go to right 
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B3: Correct answer is big bang. Turn back!  
C1: In which galaxy with hundreds of billions of stars is the earth? Milky Way go 
left/Andromeda galaxy go right 
C2: No, the earth belongs to the Milky Way. What are the giant gas and dust clouds called, in 
which stars are born? Nebulae go left/Asteroids go right 
C3: Correct answer is nebulae. Turn back! 
D1: What process in the sun creates all the energy that makes the sun radiate so brilliantly for 
Billions of years? Fission go left/Fusion go right 
D2: No, energy in the sun is produced through fusion. Is there life somewhere else in the universe 
than on earth? We don't know yet go left/Yes go right 
D3: Correct answer is that we don't know yet. Turn back! 
 
2.1.3.2. Children’s Questions about Space 
A1: What is the name of the most brilliant star in the sky? Sirius go left/Polar star go right 
A2: No, Sirius is the moat brilliant star. What is the most brilliant object in the sky? Sun go 
left/Moon go right 
A3: Correct answer is the sun. Turn back! 
B1: Another name for planet earth? Venus go left/Tellus go right 
B2: No, the earth's name is Tellus. What is the earth's closest neighbor in space? Sun go 
left/Moon go right 
B3: Correct answer is the moon. Turn back! 
C1: How many known planets orbit the sun? 9 planets go left/12 planets go right 
C2: No, the solar system has nine planets. What is the name of the solar system's largest planet, 
the planet with "the red spot"? Jupiter go left/Pluto go right 
C3: Correct answer is Jupiter. Turn back! 
D1: Who was the first space pilot in history? John Glenn go left/Juri Gagarin go right 
D2: No, his name was Gagarin. What foreign celestial body has been visited by humans? Planet 
Mars go to left/Moon go to right 
D3: Correct answer is the moon. Turn back! 
 
 
2.2 Methodology 
 
Three data collection strategies were employed to assess visitor’s use and experience in Falun 
Science Center; questionnaires, interviews and observations (by focusing on Mirrors Exhibition). 
 
 
2.2.1 Questionnaires 
 
Questionnaire consists of a series of questions which the participant is asked to answers. As Bell 
states (1999) , questionnaire is a good way of collecting certain types of information quickly and 
relatively cheaply. Other advantages of questionnaires could be: easy to respond, easy to 
complete, reliability of responses, easy data analysis for varieties of statistical purposes and 
possibility of collecting lot as well as different kinds of information in a short time.     
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In this case, the researchers wanted to get general information about visitors (school children) in 
Falun Science Center, including name, class, school, age grade, gender and opinions of visitors 
about different exhibitions, Planetarium programs, and Knowledge  Maze. They prepared the 
questionnaire form in English. But their supervisor (Lars Broman) prepared a questionnaire form 
in Swedish. Both questionnaires were nearly the same with similar questions provided in one 
page (A4 size). The researchers decided to use the Swedish version, because the native language 
of visitors is Swedish and it is easier for them, especially for school children, to read, understand 
and answer questions in their own language . 
 
 The visitors could grade the exhibitions, planetarium programs, Knowledge Maze and entire the 
Science Center. The grades: not passed (U), passed (G), passed with distinction (VG) and passed 
with much distinction (MVG)) are the grades which are used in Swedish School System. For the 
quantitative analysis, the researchers changed the grades to 0, 1, 2 and 3 corresponding to 
Uninteresting (U), Good (G), Very good (VG) and Excellent (MVG) respectively.  
 
There were also 3 options for evaluating the difficulty; Too simple, Enough Challenging and Too 
difficult, corresponding to 1, 2, and 3 respectively. The researchers used the above mentioned 
numbers for categorizing and putting the answers in an excel file. The visitors also were 
requested to write their comments on the questionnaire sheet and to state if they liked to come 
back again on a Saturday with their family. 
 
 Questionnaires were given to the teacher and s/he was responsible for giving them to the 
children, helping the children to fill in the questionnaires at school (after the  visit) and sending 
the questionnaires back to the University. After the first week, the researchers decided to request 
the teachers to fill in the questionnaires too, by themselves. 
 
The questionnaire sheet has been shown in Table 2.2. It has been translated from Swedish to 
English by Per Broman. 
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Table 2.2 The Questionnaire sheet, Falun Science Center, May and June 2004 
 

 
Name……………….. Class……………… School……………………….. 
 
Hello! Normally your teacher gives the grades, but now you are the one who is supposed to do that. Every exhibition 
shall get a Fail, Pass, Good or an Excellent. 
 
An exhibition or a program gets grade Fail if you found boring and uninteresting. 
An exhibition or a program gets grade Pass if you think it is OK (Good). 
Grade Very Good means it was fun and that you maybe even learned something new. 
Grade Excellent means it was just so good – you could not have made it better yourself. 
 
Exhibition Perspective (the big white exhibits). Grade……………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Exhibition Mirrors (he one in the room). Grade………………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Exhibition Math in the world (the one with maps). Grade…………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Exhibition Mathematical Puzzles (opposite to Math  in the World). Grade………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Exhibition Comets. Grade…………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Exhibition Math and Traffic (the one with reaction time etc.). Grade……………… 
I think the exhibit ion was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Exhibition Electrical Experiments. Grade…………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Planetarium program, the recorded part with images. Grade………………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
Planetarium program, the part about the Starry sky. Grade…………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
The Knowledge Maze  (the one outside the entrance). Grade…………… 
I think the exhibition was TOO SIMPEL,    ENOUGH CHALLENGING, TOO DIFFICULT (make a ring around 
your answer!) 
 
What grade do you give the entire Falun Science Center? Grade…………………… 
Would you like to come back, e.g. on a Saturday together with your family?  YES    NO (make a ring around your 
answer!) 
 
Thank you for taking your time to answer! (Please write if there is anything else you want to say) 
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2.2.2 Interviews 
 
Interview is a powerful tool in studies related to science centers. It is very useful for developing 
interviewer’s information based on the answers of visitors to the first questions as well as for 
getting real thoughts, feelings and opinions of visitors about exhibits and planetarium programs. 
It is also a good method for getting first hand data; not based on the  guess of thoughts of visitors. 
Interview as a face-to-face dialogue is a very useful, effective and adaptable way for getting real 
opinions of visitors. Although it takes time , the result is very valuable for science centers. In this 
method, as Bell (1999)  states, interviewer can follow up ideas, probe responses and investigate 
motives and feelings, which the questionnaire can never do. Bell mentions that a response in an 
interview can be developed and clarified. He adds that the tone of voice, facial expression, smile, 
hesitation and other psychological behaviors of the visitors who are interviewed, can provide 
information that a written response would conceal. 
 
The researchers interviewed 8 teachers of school groups formally after their visit .They also 
interviewed some teachers and children informally during their interacting with different exhibits. 
The questions of short (about 15 minutes) and formal interviews with teachers are as follows: 
 
(1) Which part of this Science Center is more interesting for you? Why?  
(2) Which part of this Science Center didn’t you like? 
(3) What is your opinion about Planetarium programs including Slide Show and Starry Sky? 
(4) Is there any thing else here that you want to say? 
(5) What is your overall opinion about this Science Center? How do you like it? Why? 
 
 

2.2.3 Observations 
 
According to the definition of Australian Museum Audience Research Center (AMARC, 2002), 
observations are systematic collection of data through watching visitors at specific parts/sections 
of an exhibition. Observations are generally small-scale and targeted. They are for studying 
specific visitors (e.g.  Families, schools). AMARC states that observation is good when specific 
sections of an exhibition need to be reviewed, time and budget is limited as well as when 
researchers are less experienced.  
 
In this method, the role of observer is to observe (events, situations, behaviors), to record them in 
an objective way, and then to interpret the data that s/he has gathered. The observer should be 
skilful and experienced. Although this method is a difficult option and needs careful planning and 
piloting, as well as much time for data collection, but as Bell says  (1999) , it is a technique that 
can often reveal characteristics of groups or individuals which would have been impossible to 
discover by other methods. 
 
 During the internship in Falun Science Center, the researchers took notes of visitors’ behaviors 
during the visit. They paid attention to how visitors interact with different exhibitions and which 
exhibit in every individual exhibition is more interesting than the other ones for visitors. But they 
focused on Mirrors Exhibition which has been built by them and co-workers. It was very exciting 
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and educational for the researchers to see how visitors interact with their exhibits and how their 
exhibits work in a real experience.  
The authors considered different approaches for finding the degree of success of the Mirrors 
Exhibition. Their approaches were related to the three famous powers of exhibits; attracting 
power (the ability of an exhibit to attract the attention of visitors), holding power (a measure of 
time that visitors spend viewing an exhibit) and learning power (how much visitors learn from an 
exhibit). It was very important for them to know why a specific exhibit of the Mirrors Exhibition 
works better than the others in one, two or all the three main powers. They were interested to 
investigate and find important parameters in designing and presenting exhibits in Science 
Centers. For instance, they simply changed the place of exhibits and observed what happened. 
This method, especially for the exhibits which were not so interesting for visitors, was very 
effective. The researchers also paid attention to other parameters such as color of exhibits, size, 
labels, interactivity level, degree of fun, difficulty, appearance, safety and flexibility. 
 
In attracting power, it is very important that which exhibits at the first look, catches the eyes of 
visitors and in holding power, the time that visitors spend on each exhibit is a very determining 
parameter. The researchers were also very eager to know what the chief reason is for such 
behaviors. 
 
The authors used timing and tracking method to observe and study the behavior s of two 
individuals (a boy and a girl) of each school group during interacting with Mirror Exhibition. 
They observed 22 groups by using this method (44 visitors; 22 boys and 22 girls ). The 
researchers measured the time that visitors spent on each exhibit and noticed visitors’ behaviors 
during interacting with each exhibit of Mirrors Exhibition. The authors of this dissertation used 
Barriault Method for evaluating the learning power of Mirror Exhibits. Barriault (1998) 
recommends an initial framework including eight behaviors which indicate the depth of learning. 
These behaviors have been divided in three main categories as follows: 
 
a. Initiation behaviors: 
1) Doing the activity  
2) Observing the exhibits or others 
3) Support or assistance by staff or other visitors 
 
b. Transition behaviors: 
4) Repeating the activity 
5) Positive emotional response 
 
c. Breakthrough behaviors: 
6) Acknowledging relevance 
7) Seeking/sharing information 
8) Engagement/involvement 
 
Table 2.3 shows these behaviors in detailed. Breakthrough behaviors indicate the highest level 
and initiation behaviors show the lowest level of learning.  
The authors observed different behaviors of   44 visitors (22 boys and 22 girls) from 22 school 
groups during their interacting with Mirror Exhibits and put the collected data in a table (Table 
A5 in appendix A). 
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Table 2.3 The Initial Framework indicating The Depth of Learning, recommended by 
 C. Barriault (1998 ) 

 
 

Learning Behaviors 
 

 
Depth of Learning 

 
1.Doing the activity:  
1.1.In passing quickly; not done completely  
1.2.Doing the activity somewhat completely  
1.3.Completing the activity without further exploration or testing of variables 

 

2.Observing others or the exhibit: 
2.1.Looking at the exhibit working, or someone doing the activity  
2.2.Watching the exhibit or person using exhibit with expressed interest in the 
activity(facial expression or verbal) ,  
2.3. Interested in learning outcome or in learning the activity; visitor does the 
activity after observing.) 
 
 
3.Support or assistance by staff or other visitors :  
3.1.Assistance provided in doing the activity of the exhibit; some information is 
offered to visitor 
3.2.Information such as facts/ principle is offered to the visitor; use of objects 
and/or exhibit to demonstrate information being conveyed  
3.3. Prompting questions  are asked to the visitors which encourage reasoning, 
deduction, learning; support offered allows for discovery, not simply fact 
delivery.)  
 

Initiation behaviors 

 
4. Repeating the activity: 
4.1Doing the activity two or three times to attain desired outcome, to master the 
exhibit’s function 
4.2.Enjoyment of outcome 
4.3. Changing  the variables on one or two occasions, looking for differences in 
outcome; becoming involved / engaged. 

 
5.Positive emotional response: 
5.1.Smiling,pleased with exhibit   
5.2.Stronger signs of enjoyment such as laughter; verbal references to enjoyment  
5.3.Obvious signs of eagerness to participate; excited disposition; verbal outbursts 
of amazement 
 

Transition 
behaviors 

 
6.AcKnowledged Relevance : 
6.1.Reference to past experience with exhibit or science center  
6.2.Simple reference to comparable experience in visitor’s life  
6.3. Reference to comparable experience in their life as well as making 
comparisons and deductions based on observations of similarities and differences 

 
Breakthrough 

behaviors 
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7.Seeking and sharing information : 
7.1.Calling someone over to look at exhibit, or to ask them to explain an exhibit; 
asking a question to staff or family member without lengthy discussion or 
exploration of topic  
7.2 Reading signage; having conversation about exhibit and related science with 
staff or family member  
7.3.Sharing experience and information with others by explaining the exhibit to 
them, giving them details about gained information and  observations; discussions 
and questions about exhibit with staff or family member/friend) 
 
 
8.Involvement Engagement : 
 8.1.Engaging in inquisitive behavior, exploratory actions such as repeating the 
activity several times, reading signage, asking questions; remaining on task for 
more than 2-3 minutes , 8.2.Concentration and motivation are obvious; doing the 
activity as a means to an end, or meeting a challenge; length of interaction 
significant i.e. 3 to 5 minutes; outcome or result or activity important  
8.3. Experimenting, testing different variables, looking for different outcomes; 
engages in discussion with others (visitors or staff) about the various outcomes; 
experience-´flow´; involved in activity for long period of time i.e. more than 5 
minutes.)  
 

 
 
 
 
 
 

Breakthrough 
behaviors 

 
 

2.3 Data analysis 
 
The timing and tracking data, as well as the data of questionnaires were entered into an excel file 
to be analyzed statistically. The data of questionnaires analyzed by using pivot table in excel and 
different results were computed based on the correlations between different parameters such as 
grade, difficulty, gender and age group. Then, summary statistics, including average (mean), 
standard deviation (STDEV- spread of scores) and standard statistical error (on 90% level) were 
calculated. Finally different charts were drawn for the provided results. The statistical error  
equals to: 2 * Standard Deviation divided by SQRT (N-1). N is the number of data. 
 The percentage of validity of results will depend on the number and distribution of data as well 
as statistical error . The standard deviation has proven to be an extremely useful measure of 
spread .In a normal distribution of data, about 68% of the scores are within one standard 
deviation of the mean and about 95% of the scores are within two standards deviations of the 
mean.  
 
 
2.4 Ethical Consideration of data collection method 
 
Before starting the visitor studies, it was necessary to inform the parents of visitors (school 
children) that their children would be studied. The parents were sent a letter and were asked if 
they did not like that their kids were observed, they could sign the letter and sent it back.  
Fortunately, almost all parents (only with some exceptions) did not send the letter back and thus 
were approved to agree that their children could be studied. 
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3. Experiments, Observations and Measurements 
 
The collected data from visitor studies in Falun Science Center can be categorized in three main 
parts: questionnaires, interviews and observations. 
 
 
3.1 Questionnaires 
 
The researchers received 420 replies from the visitors who had been given questionnaires (more 
than 500) during their visits .The replies include 190 girls, 179 boys, 44 anonymous ( boys or 
girls) and 7 teachers. Table 3.1 shows the number of collected data based on the gender and age 
grade of visitors. 
 
 

Table 3.1 The number of collected data based on the gender and age grade. 
 

 Gender 
Age Group Boy Girl Anonymous 

Total 

Grade 4 31 28 1 60 
Grade 5 60 69 8 137 
Grade 6 42 49 15 106 
Grade 7 21 19 16 56 
Grade8 17 20 0 37 
Disabled(Grade 10-12) 7 5 2 14 
Blank 1 0 2 4 
Teachers  7 
All age groups 179 190 44 420 
 
All the data in questionnaires were transferred to an excel file for data analysis. Tables A1 and 
A2 in appendix A, show the final arranged data and the comments of the visitors (appeared on 
questionnaire sheets) respectively.  
 
 

3.2 Interviews 
 
During the internship, eight school teachers were interviewed. Table A3 in appendix A, shows 
the complete text of the interviews. The answers have been arranged in section 3.2.1. 
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3.2.1 Answers of teachers to different questions of interview: 
 
(1) Which part of this Science Center is much interesting for you? Why?  
 
? Mirrors. Because they are concrete and capture the interest. Mirrors are fun and easy for kids 

to know what to do with them. Kids do not have enough time and do not like to read so much. 
 
? Mirrors, also Mathematical Puzzles and Electrical Exhibits. Mirrors have good instructions 

and labels. But they could not explain every thing for the kids. I was not prepared and some 
labels were not so clear. 

 
? Mathematical Puzzles. I enjoyed myself to do them. They are difficult. 
 
? I did not play every thing. But I think Mirrors Exhibition is the best, especially Periscope. 

Because it teaches something about submarine. 
 
? Mathematical Puzzles, because I am interested in Mathematics. I want to buy some things, 

like those which are here, to put them at school for children. 
 
? The Ring on the Stick. It is very interesting for children and also for me. The Zebra Mirror  

(Images Mixer) and Curve Mirror are also good and interesting. I like also the exhibit Do you 
have a steady hand? in Electricity Exhibition. But I think it could be 4 or 5 times larger!  So 
that we could pass the loop through a large metallic path over our head!  I also like Making 
Pyramid in Mathematical Puzzles. It is good, but it could also be larger than it is. I also like 
Nail Chair.  

 
? Almost every thing is good, specially Mirrors. Many of exhibits in Mirror Exhibition are very 

good. But I think you could also have convex and concave Mirrors. About Electricity, I have 
some things like them at school, similar to what I saw here. I think you can make other 
exhibits about Electricity. 

 
? Electricity. Because I think the children do not need to read so much for understanding .They 

can try and think about them, and about what happen. For instance, the difference in intensity 
of light (in some exhibits).I like this kind of exhibits (Electricity), because kids think about 
them, try them and think again about what happen. Electrical Exhibits are easy to understand. 
In other exhibits, you have to read before doing them, and sometimes you do not understand 
what happen after doing them. I also like the Mathematical Puzzles. Mirrors are also good. 
Children like them very much, although it is difficult for kids and also for me to understand 
them, but we had fun with them. 

 
 (2) Which part of this Science Center didn’t you like? 

 
? Many things here are the same ones in other science centers (like Pyramids), but some Electrical 

Exhibits and Traffic  Exhibition (like Friction) are new. 
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? I like every thing. There are different things for different kids and also adults. Some exhibits are 
popular. 

 
? Electricity. I know lot about Electricity and my students build some of them by themselves. It is 

not so new for me. 
 

? Flat Mirror and drawing images on it. Only because it takes time to do that. I saw the kids doing 
that and it took their time. 

 
? Electricity. They are difficult for children. There were not enough instructions on labels. Children 

do not know what they should do with them. For instance, The Flags and Light. Also about 
Comets, the labels are in English and it is difficult for children, and also for me, to understand 
them. For instance, the exhibits Solar Wind Effects in Comets Exhibition is difficult. 

 
? I do not like the Mathematics in the World. Because the texts are in English and it is difficult for 

kids to read the texts and understand them. I also do not like Solar Wind Effects in Comet 
Exhibition. It takes a lot time for kids and also for me to read the texts to understand them. 

 
? Nail Chair, I also do not like Solar Wind Effects and A Model Of Sun And Planets in Comet 

Exhibition; They are difficult for kids to understand 
 
? I think some Mathematical Puzzles are difficult. 

 
 (3) What is your opinion about Planetarium program including Slide show and Starry Sky? 

 
? It is hard to make relation between the story and stars in Slide Show (Andromeda story). It needs a 

better connection. Slide Show and Starry Sky were easy. 
 
? In Slide Show, story is a little simple and boring for kids in this age. Starry Sky is very nice. Kids 

have already known something about it and learned more here. 
 
? I like both Slide Show and Starry Sky. They are not so long. In Slide Show, the images are 

changed in a short time for giving new information. In Starry Sky, the time and descriptions are 
enough. It is short and students can learn about constellations. If it was so long with long 
descriptions, the kids would not learn so much. 

 
? Both Slide Show and Starry Sky were good. But it is better to have the descriptions and names of 

constellations both in English and Swedish. 
 
? Slide Show was quite good and easy for children to understand. It was like a TV program. But 

maybe, children should have some  preliminary lessons in school for better understanding. 
 
? Starry Sky was also very good. It was educational. You saw that they learned. When you asked      

them again about constellations, after your description, they could name different constellations. I 
think that boys like the planetarium program more than girls do. But as I said about Slide Show, it 
will be better for children to learn about Starry Sky at school, before coming here.  

 
? Slide Show was good. The kind of Slide Show depends on the age of kids and I think “Journey 

through Space” is good and easy enough to understand for kids in this age. 
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? But about Starry Sky, it is better if you introduce fewer constellations. It is also better if you talk 

about galaxy more; what is galaxy and its contents. Because kids do not know what galaxy is. 
 
? I think Slide Show is nice (Journey through Space).It is easy to understand. But about Starry Sky, 

you should arrange it for different age groups. The kids can not understand some things. 
 
? Of course the kids like power point presentation. I noticed they spoke each other during the show. 

They were very curious about it. It was good, not so difficult for kids to understand. I think they 
understood many things. The time of Slide Show was also ok (not so long). 

 
? But about Starry Sky, the kids like it. They wanted to listen and learn more. Time was ok. 

Repeating the name of constellations at the end of show and the way director (operator) was 
talking to the kids (starting with big dipper) was very good. The number of constellations was also 
ok. They could remember the names of the constellations which they had forgotten. It was also 
good for my lecture. If I talk about constellations in class, they can remember some of them .I can 
not have planetarium show in class, and it is very useful for them to be familiar with Starry Sky 
and constellations. 

 
(4) Is there any thing else here that you want to say? 

 
? Every thing is nice. 
 
? I think there are some mistakes in some labels. 
 
? I think among the Mirror Exhibits, Periscope is the best. 
 
? I like this kind of exhibitions. 
 
? The Mirrors are great. I like them, specially the one which mixes two faces (Images Mixer). 
 
? I think it is better if you have different rooms for different exhibitions like Mirrors. 
 
? I also think that it is better if you have larger exhibits, less but larger!  You can take all these 50 

exhibits away and make 20 ones larger! 
 
? I think you can use simulator for simulation journey through space, so that the kids feel they are in 

space. It is also better to use a bigger place. 
 
? Mirrors are very funny. Images Mixer (Zebra Mirror) is funny, but kids do not learn much. Curve 

Mirrors and Reflector Mirror are also good. They are good for discussion in class. Kids have to 
think about them. I will discuss with kids about them in class. 

 
(5) What is your overall opinion about this Science Center? How do you like it? Why? 

 
? It is very good. Kids can learn lot of things here. 
 
? I like it very much. It is what we need. I found some ideas for my lectures. I want to come here 

several times. I will encourage kids to come here with their family. 
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? It is ok. I like it. The exhibits are educational and enjoyable. I will use some ideas which I have 
got from them in my lessons. 

 
? It is good. The kids were always busy with them and they did not become tired. 
 
? It is great, especially because the exhibits are hands -on and children can play with and enjoy 

them. But I think if teachers come here before, they can prepare children for visit and it will be 
more effective. 

 
? It is good. It is fun and interesting  for kids  
 
? It is nice and also educational. Kids like it. 
 
? I think all the exhibitions and planetarium program are good. The exhibits are so small and kids 

are not patient enough to read instructions.  
 
 

3.3 Observations 
 
Table A4 in appendix A includes the notes that researchers have taken from their general 
observations during the internship. 
The collected data from timing and tracking observations as well as studying 44 children from 22 
school groups (22 boys and 22 girls) have been arranged in table A5 in appendix A. This table 
shows the time that boys and girls spent on each exhibit of Mirror exhibition. It also indicates the 
behaviors of visitors during interacting with the exhibits based on the initial framework 
recommended by Barriault. This framework includes 8 different behaviors as indicatives of 
learning:  
 
1) Doing the activity  
2) Observing the exhibits or others 
3) Support or assistance by staff or other visitors  
4) Repeating the activity  
5)  Positive emotional response  
6) Acknowledging relevance  
7) Seeking/sharing information   
8) Engagement/involvement.  
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4.  Results 
 
The researchers used different methods for collecting necessary data in order to get the goals of 
the research. The results of data analysis can be outlined in four main sections; Exhibitions, 
Planetarium Program, Knowledge  Maze and Falun Science Centre. 
Figure 4.1 shows the number of visitors who filled out the questionnaires and sent them back 
based on their gender and age group. 420 of more than 500 visitors replied to the questionnaires. 
 

 
Figure 4.1 – The number of visitors of Falun Science Centre based on age grade and gender 

 
4.1 Exhibitions 
 
There were seven different exhibitions in Falun Science Center including: Mirrors, Perspective, 
Electricity, Traffic, Mathematical Puzzles, Comets and Mathematics in the World. The Mirrors 
exhibition will be discussed in details, including the three main powers of its different exhibits. 
There were also some miscellaneous exhibits such as Nail Chair, Gravity Cone, 3D Shadow and 
Amed Image. 
 
 
4.1.1 Mirrors  
 
This exhibition, as will be mentioned later, is the most successful exhibition in Falun Science 
Centre. The results of data analysis for Mirrors outline in two main sections: Mirror Exhibits and 
the whole exhibition. 
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4.1.1.1 Mirror Exhibits 
Ten different exhibits which have been studied are: 
 

1. Flat Mirror 
2. Chess Mirror  
3. Corner Reflector Mirror  
4. Curve Mirror 
5. Up-down Mirror 

6. Periscope 
7. Kaleidoscope  
8. Parallel Mirrors (Look into infinity) 
9. Images Mixer (Zebra Mirror) 
10. Light Reflector Squares  

 
The results of time and tracking observations for Mirror  Exhibits are given in figures 4.2, 4.3 and 
4.4.  
 
Figure 4.2 indicates the Holding Power of different Mirror Exhibits based on the time that 
children spent on them. The study is based on the observation of 22 boys and 22 girls. It can be 
seen, with some exception, girls spent more time than boys on the exhibits. The exceptions are 
Chess Mirror and Periscope  in which the boys showed more interest than girls. In light Reflector  
Squares, boys and girls indicated nearly the same interest. As a whole, Images Mixer, Flat  
Mirror, Curve Mirror and Parallel Mirrors have the highest holding power respectively. But the 
exhibit light Reflector Squares has the lowest holding time. The holding power of other exhibits 
fall within a rather narrow average time from 29 seconds to 33 seconds. 
 
Figure 4.3 indicates the result of observations based on initial framework recommended by 
Barriault. In this figure, behaviors of 44 children (22 girls and 22 boys) during interacting with 
Mirror Exhibits, have been categorized in three main categories (initiation, transition and 
breakthrough behaviors) indicating the depth of learning (learning power). 
 
As it can be seen, Images Mixer and Flat Mirror have the best result in breakthrough as well as 
transition behaviors respectively, indicating a high learning power. But light Reflector Squares 
and Up-Down Mirror show the lowest breakthrough and transition behaviors.  
 
In initiation behaviors, the highest degree is for Up-Down Mirror and the lowest degree is for Flat  
Mirror. 
 
Taken as a whole, Images Mixer has the best result in learning power. But light Reflector Squares 
and Up-Down Mirror show the lowest learning power. The other exhibits fall between the above 
mentioned exhibits based on their learning powers. 
 
Figure 4.4 indicates number of learning behaviors which have been observed for Mirror Exhibits 
in details, including 8 different behaviors as mentioned in chapter 2.  
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     Total Holding Time for Mirror Exhibits (per second) 

 
Name of Exhibits 

 
Boys Girls All Aver. B Aver. G Aver. All 

Exhibit 1 :   Flat Mirror 1847 2412 4259 83,9 109,6 96,8 

Exhibit 2 :   Chess Mirror 771 537 1308 35,0 24,4 29,7 

Exhibit 3 :   Corner Reflector Mirror 544 603 1147 24,7 27,4 26,1 

Exhibit 4 :   Curve  Mirror 1166 1312 2478 53 59,6 56,0 

Exhibit 5 :   Up-Down Mirror 496 588 1084 22,5 26,7 24,6 

Exhibit 6 :   Periscope 603 564 1167 27,4 25,6 26,5 

Exhibit 7 :   Kaleidoscope 680 774 1454 30,9 35,2 33,0 

Exhibit 8 :   Parallel Mirrors 1032 1170 2202 46,9 53,2 50,0 

Exhibit 9 :   Images Mixer 2223 2379 4602 101 108,1 104,6 

Exhibit 10:  Light Reflector Squares 477 466 943 21,7 21,2 21,4 

Figure 4.2 – Holding Time for Mirror Exhibits 
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Exhibits Initiation Behavior 
Transition 
Behavior 

Breakthrough 
Behavior 

Total B 

 1.  Flat Mirror 26 53 38 117 
 2.  Chess Mirror 36 37 16 89 
 3.  Corner Reflector Mirror 43 34 7 84 
 4.  Curve  Mirror 48 46 20 114 
 5.  Up-Down Mirror 59 24 7 90 
 6.  Periscope  43 39 17 99 
 7.  Kaleidoscope 46 44 8 98 
 8.  Parallel Mirror 46 37 21 104 
 9.  Images Mixer 28 63 44 135 
 10. Light Reflector Squares 53 27 5 85 

 

Learning Behaviours for Mirror Exhibits
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Learning Behaviors for Mirror Exhibits 
Exhibits Beh.1 Beh.2 Beh.3 Beh.4 Beh.5 Beh.6 Beh.7 Beh.8 

 1.  Flat Mirror 1 22 3 23 30 14 20 4 

 2.  Chess Mirror 16 13 7 19 18 8 6 2 

 3.  Corner Reflector Mirror 12 19 12 16 18 3 4 0 

 4.  Curve  Mirror 7 27 14 25 21 9 9 2 

 5.  Up-Down Mirror 22 26 11 19 5 4 3 0 

 6.  Periscope  13 20 10 20 19 9 8 0 

 7.  Kaleidoscope 8 25 13 26 18 2 6 0 

 8.  Parallel Mirrors 8 24 14 22 15 14 6 1 

 9.  Images Mixer 1 22 5 26 37 9 23 12 

 10. Light Reflector Squares 21 23 9 20 7 3 2 0 

Figure 4.3 – Depth of Learning  of 22 children (22 boys & 22 girls) for Mirror Exhibits based on 
Barriault́ s Framework 
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Based on observations, interviews and comments of visitors on questionnaires, the result of data 
analysis for different Mirror exhibits can be summarized as follows;  
 
Exhibit 1: Flat Mirror 
 

                   
 
Figure 4.5 – Flat Mirror, Photos by: Kayvan (left) and Per Broman (right) 
 
Attracting Power: 
This exhibit has the highest attraction power among the Mirror Exhibits, especially because it 
was so fun for children to see their own images in the Mirror. Although this exhibit was not at the 
entrance of Mirrors’ room, kids pa id attention to it immediately after entering the room.  
 
Holding Power: 
After Images Mixer, Flat Mirror has the highest holding power. Kids spent much time on it, 
especially for drawing their own images in the Mirror. Girls spent more time than boys to visit 
this exhibit. 
  
Learning Power:  
As the result of timing and tracking observations shows , Flat Mirror is the second in learning 
power after Images Mixer. There were lots of breakthrough and transition behaviors on this 
exhibit which emphasize on a high level of learning according to Barriault framework. 
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Exhibit 2: Chess Mirror  
 
Attracting Power: 
This exhibit has a high attracting power, 
especially because of its color and having a 
chess board with chess pieces. The exhibit was 
more attractive for boys than girls. Kids 
expressed their interests in the exhibit while 
they were playing chess. One of the teachers 
said in interview that Chess Mirror is a very 
good exhibit. 
 
Holding Power: 
This exhibit has a good (although not a high) 
holding power. Sometimes visitors, especially 
boys, sat and played chess in front of the 
Mirrors for minutes, even up to half an hour. 
But sometimes, they did not spend much time 
to visit it. 

 
 

 
Figure 4.6 – Chess Mirror, Photo by Per Broman 

 
Learning Power: 
This exhibit has a moderate learning power in comparison with other Mirror  Exhibits. Number of 
initiation and transition behaviors during interacting with this exhibit, was more than number of 
breakthrough behaviors.  
 
 
Exhibit 3: Corner Reflector Mirror 
 
Attracting Power:  
This exhibit has a good attracting power.  It 
has beautiful color (yellow) and animals 
beside the Mirrors make it attractive for 
kids. 
 
Holding Power:  
This exhibit has a moderate holding power. 
Although there was a difference in holding 
power for boys and girls, but the difference 
was not very remarkable. 
 
Learning Power: 
The results show a moderate learning power 
for this exhibit. Number of transition 
behaviors was more than number of other 
behaviors.  One of the teachers said that this 
exhibit is good for discussion in class. 
 

 

Fig.4.7 – Corner Reflector Mirror, photo by Per Broman 
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Exhibit 4: Curve Mirror 
 
Attracting Power: 
After Flat Mirror, this exhibit has the 
highest attraction power for kids among the 
Mirror Exhibits. Putting a small car in front 
of the Mirror and seeing its strange image 
in the Mirror was attractive for kids. It was 
also interesting for them to see their 
strange images in the Mirror. One of the 
teachers said that curve Mirror is good and 
interesting. 
 
Holding Power:  
It has a high holding power (highest after Flat 
Mirror and Images Mixer). Girls spent more 
time than boys to visit this exhibit. 

          Figure 4.8 - Curve Mirror, photo by Kayvan 
Learning Power: 
This exhibit has a good learning power. Kids showed considerable breakthrough behaviors during 
interacting with the exhibit. Number of transition and initiation behaviors was nearly the same.  
One of the teacher stated in an interview that the exhibit is also good for discussion in class. 
 
 
Exhibit 5: Up-Down Mirror 
 
Attracting Power: 
This exhibit has a medium attraction power.  
It was interesting for kids to see their funny 
images in the Mirror. 
 
Holding Power: 
This exhibit had a medium holding power. 
Girls were more interested in the exhibit than 
boys. 
 
Learning Power: 
After light Reflector Squares, this exhibit 
showed the lowest learning power. Visitors 
showed the highest initiation behaviors and 
the lowest breakthrough behaviors (along 
with Corner Mirror and after light Reflector 
Squares) while interacting with this exhibit. 

 

 
Figure 4.9 - Up-Down Mirror, photo by Per 
Broman 
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Exhibit 6: Periscope 
 
Attracting Power: 
Periscope has a medium attraction power. An 
experience showed that changing the direction 
of upper part of periscope (so that the kids 
could see behind themselves), increased 
attraction power of Periscope. Two of the 
teachers who were interviewed said that 
Periscope is the best among the Mirror  
exhibits. 
 
Holding Power: 
Periscope has a medium holding power. Boys 
spent more time than girls on this exhibit, 
although the difference was not very 
remarkable. 
 
Learning Power: 
The results show considerable breakthrough 
and transition behaviors for this exhibit. One of 
the teachers stated that Periscope can learn 
something about submarine to kids. Taken as a 
whole, this exhibit has a medium learning 
power. 
 

     
     Figure 4.10 - Periscope, photo by Kayvan 
 

Exhibit 7: Kaleidoscope  
 
Attracting Power: 
This exhibit has a medium attraction power for 
kids. They did not pay attention to it at their 
first look and it took time to discover how they 
could interact with the exhibit.  
 
Holding Power: 
Girls spent more time than boys on this exhibit, 
but the difference was not very considerable. 
The results show, that Kaleidoscope has a 
medium holding power. 
 
Learning Power: 
Kaleidoscope had one of the lowest 
breakthrough behaviors (after light Reflector  
Squares, Up-Down Mirror and Corner 
Reflector Mirror). Most of the behaviors for 
this exhibit are initiation and transition 
behaviors.  

      
   Figure 4.11 - Kaleidoscope, photo by Kayvan  
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Exhibit 8: Parallel Mirrors (Look into infinity) 
 
Attracting Power: 
The result of observations shows a low 
attraction power for Parallel Mirrors. Blue 
color of this exhibit was not so exciting for 
kids. Maybe if it were yellow or red (like most 
of the Mirror Exhibits), the degree of 
attractivity would increase. Changing the place 
of the exhibit, from the end of Mirrors’ room to 
the middle, increased its attracting power, 
although not so much.     
 
Holding Power: 
This exhibit has a very good holding power 
(the fourth place among the Mirror Exhibits). 
Girls spent more time than boys to visit the 
exhibit. 

    
 Figure 4.12 – Parallel Mirrors, photo by Per Broman 
 

 
Learning Power: 
The results indicate that after Images Mixer and Flat Mirror , this exhibit has the highest learning 
power. The numbers of breakthrough and transition behaviors were really remarkable in 
comparison with other Mirror Exhibits. 
 
 
Exhibit 9: Images Mixer (Zebra Mirror) 
 
Attracting Power: 
This exhibit has a medium attracting power It 
took time for kids to discover it, especially 
when its place was changed from the entrance 
of Mirrors’ room to the end of the  room. 
 
Holding Power: 
Excellent! It is discovered a bit late, but after 
that, everybody likes to try it several times, to 
stay interacting with that and to have a lot of 
fun. This is the best exhibit among the Mirror 
exhibits and one of the best exhibits of Falun 
Science Centre. Most of the teachers stated that 
this exhibit is a good and favorite exhibit for 
kids and also adults. There are also good 
comments regarding Images Mixer on the 
questionnaire sheets. This exhibit was more 
interesting for girls than boys. 
 

  

 
Figure 4.13- Images Mixer, photo by Per Broman 
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Learning Power: 
The results show the highest number of breakthrough as well as transition behaviors and 
therefore, the highest learning power for this exhibit in comparison with other Mirror Exhibits. 
The result of interviews with teachers, observations, as well as comments of kids on the 
questionnaires, indicate that children can learn a lot from this exhibit.  
 
 
Exhibit 10: Light Reflector Squares 
 

  
 

Figure 4.14 – Light Reflector Squares, photos by Per Broman (left) and Kayvan (right) 
  
Attracting Power, Holding Power and Learning Power: 
The results show that this exhibit has the lowest attracting power, holding power and learning 
power among the Mirror Exhibits. Even taking some strategies, like putting the Squares pieces 
out of their places or changing the place of exhibit, although was a bit effective, but did not 
change a remarkable difference in three main powers. Visitors did not know what they should 
really do with the exhibit and information on the labels was not enough to guide them. 
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4.1.1.2 Mirrors Exhibition 
The results of questionnaires, interviews and observations show that Mirrors were the best part of 
Falun Science Centre. Five of the eight teachers who were interviewed expressed that this 
exhibition is the best exhibition or at least one of the best exhibitions of the Science Centre. They 
stated that Mirrors are concrete and capture interest. They also mentioned that Mirror Exhibits 
have good instructions as well as labels  and emphasized that Mirrors (especially Images Mixer) 
are great, amusing, very funny and good for discussion in class. 
 
Mirrors are fun and easy for kids to know what to do with them. Although some of the teachers 
expressed that some exhibits are difficult for kids to understand. The results also indicate that 
both teachers and children are satisfied with this exhibition and state that kids can learn many 
things from interactive exhibits of this exhibition. Taken as a whole, Mirrors are both educational 
and exciting for visitors.  
 
Figures B1, B2, B3 and B4 in appendix B indicate the result of questionnaires for Mirrors 
Exhibition. These figures include detailed information about grade and difficulty of the 
exhibition based on the gender and age grade of visitors (school children). Figures B1 and B2 
show the grade and difficulty by considering age groups 4, 5, 6, 7, 8 and disabled students 
separately. As it can be seen, it is very difficult to find a clear trend between different age grades. 
Lars Broman (Supervisor) recommended the researchers to put the age groups 4, 5 and 6 together 
as “Middle School” as well as the age groups 7 and 8, as “Junior High school”. He also 
recommended that it is better to study disabled children separately. The researchers followed his 
comments for all exhibitions. Figure B3 and B4; indicate grade and difficulty of Mirrors for 
middle and junior high schools as well as for boys and girls. The option “All”, includes all boys, 
girls and anonymous. 
 
By looking at the total pictures that emerge from the data, it can be said that girls were more 
interested in Mirrors than boys. Although there is a difference between interest of boys (as well 
as girls) in middle schools and junior high schools (lower interest in junior high school children), 
but the difference is not remarkable.  According to the figure B4, Mirror exhibits were more 
difficult for girls than boys and the difference was very strong among middle school children. But 
by considering all data, including anonymous, the difficulty is surprisingly the same for middle 
school and junior high school children. The average Grade and difficulty for Mirrors are 1.96 (of 
3) and 1.78 (of 3) respectively. 
 
 
4.1.2 Electricity  
 
Electrical Exhibits were also very interesting and educational for kids. Teachers expressed 
different opinions about this exhibition. One of the teachers stated that Electricity is the best 
exhibition, because kids do not need to read so much to understand the exhibits. They can think 
about them, try them and think again about what happen. But one of the teachers believed that 
Electrical Exhibits are difficult for kids, because there is not enough information on the labels 
and kids do not know what they should do with them. A teacher in interview stated that 
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Electricity is the worst exhibition, because it is not so new. But another teacher expressed that 
some Electrical Exhibits are new. 
 
According to the results of observations, among the Electrical Exhibits, “Flags and Countries” as 
well as “Do You Have a Steady Hand” were more interesting for kids than the other exhibits. 
Although the scientific facts behind the Electrical Exhibits are difficult for kids to understand, 
these exhibits are interactive.   
 
Figures B5 and B6 in appendix B, show the grade and difficulty of Electricity Exhibition for kids, 
based on the result of questionnaires. 
As it can be seen, boys and girls in middle schools have the same interest in this exhibition. But 
in junior high school groups, girls surprisingly show higher interest than boys in Electrical 
Exhibits. 
 
Overall, the middle school children liked the exhibition more than the junior high school 
children. The results also indicate that these exhibits are surprisingly a bit more difficult for 
junior high school groups than middle school children, but the difference is small. The average 
grade and difficulty of this exhibition are 1.77 and 1.78 respectively. 
 
 
4.1.3 Traffic  
 
This exhibition was completely new for visitors. Children could learn something new about 
Traffic. Among the seven different exhibits of this exhibition, kids liked Reaction and Vision 
more than the other exhibits, because these two exhibits are more interactive and children had fun 
with them. Friction was also good and new, as one of the teachers said. But some of the exhibits, 
especially First Aids were not so interactive.  
 
The labels of this exhibition were both in Swedish and English. It was very good, but they were 
too long and children were not too patient and interested to read all the texts. Children preferred 
to ask guides or other visitors to help them for interacting with the exhibits, instead of reading 
long texts by themselves. 
 
Figures B7 and B8, in appendix B, indicate the grade and difficulty level of Traffic Exhibition 
based on the result of questionnaires. Figure B7 shows that girls like the exhibition more than 
boys. It can also be seen that totally, middle school children like Traffic Exhibits more than 
junior high school groups, although the difference between the grades given by girls in different 
school groups is small. The overall grade of the exhibition given by the visitors is about 1.46 (of 
3) which shows about 48 % satisfaction. 
 
As Figure B8 indicate, this exhibition was more difficult for girls than boys and also for middle 
school groups than high school groups. The average level of difficulty for Traffic Exhibition is 
1.87 of 3 and the errors are small enough to be neglected.  
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4.1.4 Mathematical Puzzles  
 
This exhibition was one of the successful exhibitions in Falun Science Centre. Although it was 
difficult for kids, they enjoyed discovering the Puzzles. Three of the eight teachers stated in the 
interviews that this exhibition is the best or one of the best exhibitions in the Science Centre. 
They mentioned that Mathematical Puzzle s are difficult for them, but they and also kids like to 
do them. One of the teachers said that she is interested in Mathematics and likes to buy and put  
something like them for kids at school. 
 
Kids needed help to start discovering Puzzles. Guides could show the start point and help them to 
follow the correct path approaching to the final result. The results of questionnaires for this 
exhibition are given in figures B9 and B10. By looking at the total picture which emerges from 
the data, it can be said that girls like the Puzzles more than boys, especially in middle school 
groups.  
 
The average grade of this exhibition is 1.33 (about 44% satisfaction). The results also show that 
surprisingly the difficulty degree of Puzzles is higher for high school girls than middle school 
girls. But the exhibition is more difficult for boys in middle schools than boys in junior high 
schools. Considering the overall result of both groups including anonyms, the degree of difficulty 
is about 2.  
 
 
4.1.5 Comets 
 
The result of observations, interviews and questionnaires confirm the idea that this exhibition was 
not interesting for most of kids. Most of exhibits of this exhibition include difficult texts in 
English, without interactivity. The visitors were Swedish kids, not so familiar with complicated 
English texts, and not so patient for reading long texts. The most popular Comet exhibits for 
children was Solar Wind Effects, Make Your Own Craters and Comet Quiz. Three of teachers 
who were interviewed, expressed that Comets are difficult for kids and also for them to 
understand. They also complained of long English texts. 
 
The results of questionnaires for this exhibition are given in figures B11 and B12 in appendix B. 
According to the results, boys like the Comets more than girls and middle school groups show 
more interest to this exhibition than junior high school children. But the difference is small. The 
total average grade of this exhibition is about 1.1 (37% satisfaction) which is quite low. The 
results also show that this exhibition is a little more difficult for middle school groups than high 
school children. But the average difficulty is nearly the same for boys and girls. The total average 
difficulty level for Comets is about 1.7.  
 
 
4.1.6 Perspective 
 
This exhibition had been located at the entrance of Falun Science Centre. The exhibits have big 
sizes, are in white color and seem attractive at the first look. But unfortunately, most of them are 
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not enough interactive to hold the visitors for a long time. None of the teachers, who were 
interviewed, mentioned Perspective exhibition in their statements (neither positive nor negative).  
 
Figures B13 and B14 in appendix B, show the grade and difficulty of Perspective Exhibition 
based on the data of questionnaires. It can be seen that there is not a strong divide between girls’ 
and boys’ interest in the exhibition. 
 
Although the middle school groups were more interested in this exhibition than junior high 
school groups , but the difference is small. The total average grade of this exhibition is about 1.1 
(37% satisfaction). Referring to the figure B14, it can be noticed that in middle school groups, 
Perspective Exhibits are more difficult for boys than girls. But in junior high schools, this 
exhibition is more difficult for girls than boys. The differences are not remarkable. The total 
average difficulty for perspective exhibition is about 1.7. The statistical errors are small enough 
to be neglected.  
 
 
4.1.7 Math in the World 
 
The results of collected data show that children were not very interested in this exhibition. The 
total average grade of Math in the World is about 0.92 (31% satisfaction) which is the lowest 
grade among the different exhibitions of Falun Science Centre.  
 
Figures B15 and B16 in appendix B; indicate the result of questionnaires for grade and difficulty 
of this exhibition. According to the result, middle school children are more interested in this 
exhibition than children in junior high schools. The difference is more considerable for girls than 
boys.  
 
The total average difficulty leve l for the exhibition is about 3. As figure B16 shows, this 
exhibition is more difficult for girls than boys, but the difference is not considerable. The 
difficulty level is nearly the same for the both school groups. 
 
 
4.2 Correlations between Different Results of Exhibitions 
 
 
4.2.1 Comparison between Results of Different Exhibitions 
 
Figures C1 to C6 in appendix C, indicate the relation between average grade and difficulty of the 
exhibitions of Falun Science Center for middle and junior high school groups, based on the 
results of questionnaires.  
By looking at the figures C1 to C3, it can be seen that Mirrors and Math in the World, have the 
highest and lowest grade respectively, for both middle and high school groups.  
 
Electricity, Traffic, Math Puzzles, Comets and Perspective fall between Mirrors and Math in the  
World, in order from the highest grade to the  lowest grade for the both kind of schools. The trend 
is the same as before in interest of girls and boys in different exhibitions. Although for most of 
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the exhibitions, in middle school girls showed more interest than boys (with some exceptions in 
Electricity, Comets and Perspective), but the difference is not strong enough to be considered 
seriously. The highest difference between the grade given by boys and girls in middle schools is 
for Math Puzzles and Mirrors respectively. 
 
The results are nearly the same for the grade given by junior high schools, but there are some 
differences. There is a clear difference between the interest of boys and girls in most of the 
exhibitions. Girls in junior high schools were also more interested in the exhibitions than boys, 
but with some Exceptions in Comets and Math in the World.  
 
According to figures C4 to C6, Math Puzzles and Math in the World, are the most difficult 
exhibitions. But as it can be seen, the difficulty of all exhibitions fall whit in a narrow range from 
1.7 to 2. Although, most of the exhibitions for both middle and high school groups were more 
difficult for girls than boys, but the difference is small. 
 
 
4.2.2 Comparison between Grade and Difficulty of the Exhibitions 
 
Figures C7 and C8 in appendix C, show the correlation between grade and difficulty for girls and 
boys in middle schools as well as junior high schools. As it can be seen, there is not a general 
relation between grade and difficulty. But in some cases like Math in the World, having a 
relatively high degree of difficulty could decrease the interest of visitors. But it can not be 
generalized to all exhibitions. The average of difficulty of the exhibitions, fall within a rather 
narrow range from 1.7 to 2 (only with one exception). Therefore it is not easy to find a general 
idea about relation between grade and difficulty. The interest of visitors in exhibits also depends 
on other parameters such as interactivity.  Electricity was difficult for kids, but it s exhibits were 
interactive and children liked them very much. That is why Electricity has the highest grade after 
Mirrors.  
 
 
4.2.3 Disabled Students 
 
A comparison between average grade and difficulty level given by disabled students and all other 
school groups together (age grades 4, 5, 6, 7, and 8) has been made in figures C9 and C10, in 
appendix C. 
 
The results are interesting and indicate that Mirrors Exhibition is also number one for disabled 
students.  They were more interested in Math in the World, Comets and Perspective respectively 
than all other school groups . But their interests in Electricity, Traffic and Math Puzzles are less 
than all other ones. The other interesting result is that, Math Puzzles, Comets and Perspective  
were less difficult for disabled students than the others. Overall, there is not a strong divide 
between the difficulty of the exhibitions for disabled students and other school children. The 
level of difficulty for all students is reasonable ; not so simple, and not so hard.  
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4.2.4 Grades Given by Negative Students to the Exhibitions   
 
Figure C11 shows the grade of different exhibitions given by negative school children. Negative 
children, here, means the students who have given overall grade zero to Falun Science Centre. 
They are 32 (7.6% of visitors) including 16 boys, 9 girls and 7 anonymous. The result is 
interesting. The total grades show that there is nearly no change in order of interest of all students 
in different exhibitions. Mirrors and Electricity are still the best. The only change is that, Comets 
exhibition has the last place. 
 
But by considering girls and boys separately, it can be seen that among the negative children, 
girls were less negative than boys. They have given better grades to all the exhibitions. The 
negative girls were more interested in Traffic and Perspective  than Electricity. But for the boys, 
Mirrors, Electricity and Traffic are the best respectively. The result is the same for the whole 
school groups (middle and junior high schools).  But they showed more interest in Perspective 
and Math in the World than in Math Puzzles. Among the negative students, the highest grade is 
1.1, given by girls to Mirrors and the lowest grade is 0.17, given by boys to Comets. 
 
 
4.2.5 Grades Given by Positive Students to the Exhibitions   
 
Figure C12 in appendix C, shows the grade of different exhibitions given by positive students. 
Positive Students mean the students who have given overall grade 3 to Falun Science Center. 
They are 110 (26.2 % of visitors) including 52 boys, 51 girls and 7 anonymous. The total grades 
show that there is nearly no important change in order of interest of students in different 
exhibitions. Mirrors and Electricity are still the best. 
 
As it can be seen, both boys and girls showed nearly the same interest in most of the exhibitions. 
The highest differences are in Math Puzzles and Perspective. Math Puzzles were more interesting 
for girls than boys, but Perspective, Comets and Electricity are more attractive for boys than girls. 
 
 
4.2.6 Comparison between City and Village Schools 
 
The school children who visited Falun Science Centre were from Falun (264 visitors) and 
villages around the city (156 visitors). Figures C13 and C14 in appendix C, indicate grade and 
difficulty level given by city and village school children. The trends of grade and difficulty are 
nearly the same for both kinds of schools. The difference between grades given by both groups to 
different  exhibitions is not remarkable. The highest difference is in Math Puzzles, Electricity and 
Mirrors. City school groups showed more interest in Mirror s than village school children but 
village school groups indicated more interest in Electricity and Math Puzzles than children from 
city schools. Village kids also showed nearly the same interest in Mirrors and Electricity. The 
highest difference in difficulty between city and village children is for Comets which is easier for 
city school groups. Math in the world and Math Puzzles are still the most difficult exhibitions for 
both city and village school students. 
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4.2.7 Comparison between Communal and Private Schools  
 
From 420 visitors who visited Falun Science Centre, 338 persons were from communal schools 
and 82 persons were from private schools. Figure C15 in appendix C, shows the grades given by 
children from communal and private schools. The figure indicates that the children from private 
schools liked the exhibitions more than kids from communal schools. The highest difference is 
for Mirrors (about 0.3) and the lowest one (nearly zero) is for Math in the World. 
 
As it can be seen, there is not a high difference in interest of children from communal and private 
schools in different exhibitions. The trend of interest in different exhibitions is also the same for 
the both groups. Figure C16 in appendix C indicate the difficulty level for communal and private 
school children. The figure shows that there is not a strong divide between difficulty of different 
exhibitions for both communal and private school groups. The highest difference is in Comets 
which is more difficult for communal schools than private schools. Math in the Word, Math 
Puzzles and Traffic are still the most difficult exhibits for both communal and private schools. 
 
 
4.3 Planetarium Programs 
 
 
4.3.1 Slide Show 
 
There were different slide shows: Andromeda Story, Journey through Space and The Planets of 
our Solar System. The last one (The Planets of our Solar System) only was shown for one group 
of students (grade 10). But unfortunately, they did not send back the questionnaires. Therefore, 
the results are only for two other slide shows. Andromeda Story is mostly fiction, but Journey 
Through Space is real science about space, stars, galaxies and planets. 
 
For age group 4 and disabled students, only Andromeda Story and for age groups 7and 8 (junior 
high schools) only Journey through Space was shown. But for age groups 5 and 6, both the slide 
shows were used (only one of the slide shows for each group was shown). 
 
The results from interviews and comments on questionnaires show that visitors were not satisfied 
with Andromeda Story. Three of the kids state on questionnaire sheets that the film (Slide Show) 
could be better. One of the teachers sa id in the interview that it is hard to make a relation between 
the story and stars in the slide show. She believe d that it needs a better connection but mentioned 
that the slide show is easy. Another teacher stated that in the slide show (Andromeda Story), is a 
little simple and boring for kids in this age (grade 4).  
 
The teachers were nearly satisfied with Journey through Space. They stated that it is not so long 
and the images are changed in a short time for giving new information. They said that it is easy 
for children to understand the slide show, but recommended that it is better for children to have 
some preliminary lessons in school for better understanding. One of the teachers said that kids 
like the power point presentation and are curious about it . She was also satisfied with the time of 
slide show and believed that kids could understand many things. 
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The results of questionnaires for different kinds of slide shows are given in figure D1, in 
appendix D.  
As mentioned before, the results are for different school children in age groups 5 and 6 who 
watched different slide shows. As it can be seen, boys are more interested in Journey through 
Space (scientific facts) than Andromeda Story (fiction). But girls showed the same interest in 
both of the slide shows. Ove rall results indicate that children like real science more than fiction. 
The figure also shows that Journey through Space was more difficult than Andromeda Story for 
both boys and girls. 
 
Figures D2 and D3 in appendix D, are the results of slide show for middle and junior high school 
groups. As the results indicate, there is not a strong divide between interest of girls and boys as 
well as interest of middle school and junior high school children to the slide shows. But as 
mentioned before, the kind of slide show was different for different school groups and depended 
on the age of children.       
 
The total average grade of slide show is about 1.33 (44%) which is not a high grade and shows 
that children were not very satisfied with the slide shows. Both of boys and girls as well as 
middle school and high school children have nearly the same idea about difficulty of the slide 
shows. The total grade for difficulty is about 1.75 of 3. It means that the slide shows are easy for 
kids to understand, but still they did not like them very much. 
 
 
4.3.2 Starry Sky 
 
The results of data analysis indicate that visitors were nearly satisfied with Starry Sky Program. 
Based on the comments in questionnaire sheets, children think that “stars in the ceiling” (as they 
said), was fun and they could learn a lot about stars. One of the kids thinks that Starry sky is the 
most interesting part of Falun Science Centre. The teachers used the words good, very nice and 
easy to understand to describe their opinions about Starry Sky program. They expressed that: 
 
? The kids have already known something about Starry Sky and learn more here. 
? Time and descriptions are enough. It is short and kids can learn about constellations. If it was 

so long with long descriptions, kids would not learn so much. 
? It is better to have the descriptions and name of constellations both in English and Swedish. 
? They learn the name of constellations.  
? Boys like planetarium programs more than girls do. 
? It will be better for children to learn Starry Sky at school, before coming here. 
? It is better if you introduce fewer constellations. It is also better if you talk more about 

galaxies. Because kids do not know what galaxy is.  
? Kids like it and want to listen and learn more. Time is ok. Repeating the name of 

constellations at the end of show and the way director (operator) talks to the kids (starting 
with big dipper) is also very good.  

? Children can remember the name of constellations which they have forgotten. 
? It is very good for a lecture in class. Because kids can remember the constellations during 

discussion in class. 
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The result s of questionnaires about Starry Sky are given in figures D4 and D5 in appendix D. It 
can be seen that girls were more interested in Starry Sky program than boys, although the 
difference is not remarkable. There is not also a remarkable difference between the interest of 
middle and high school children. But based on the experience and observations of authors of this 
dissertation, younger kids were more interested in Starry Sky than the other ones. The total 
average grade of Starry Sky program is about 1.63 of 3 (54%). 
 
According to figure D5, although the Starry Sky was a bit more difficult for girls than boys, but 
the difference between difficulty of the program for boys and girls as well as for middle schools  
and junior high school is negligible. The total average of difficulty is about 1.94 of 3. 
 
 
4.4 Correlations between Different Results of Planetarium Programs 
 
 
4.4.1 Comparison between Slide Show and Starry Sky 
 
Figure D6 in appendix D indicate the grade and difficulty of Slide Show and Starry Sky for boys 
and girls as well as for middle and junior high school children. It can be seen that children (both 
girls and boys) like the Starry Sky Program more than Slide Show, although the Starry Sky is 
more difficult than Slide Show for them. It also shows that children like to see and learn scientific 
facts even if the facts are difficult. 
Journey Through Space is also about scientific facts, but by watching the Starry Sky in 
planetarium, they really feel that they are looking at the real sky at Sky and feel themselves closer 
to the real world.  
 
 
4.4.2 Disabled Students and Planetarium Programs 
 
The grade and difficulty of planetarium programs by disabled students and also by all other 
school groups are given in figures D7 and D8 in appendix D. According to the results, Starry Sky 
was more difficult than Slide Show for disabled children but they still liked it more that Slide 
Show. The interest of kids to planetarium programs was not high enough. The  results surprisingly 
indicate that planetarium programs were easier for disabled students than the other school groups 
but they showed less interest in planetarium programs in comparison with other schools children.  
 
 
4.4.3 Negative Students and Planetarium Programs 
 
The results of planetarium programs for negative students (who have given the overall grade zero 
to Falun Science Centre) are given in figure D9 in appendix D. It can be noticed that boys still 
like Starry Sky more than slide show but girls surprisingly are more interested in Slide Show. 
The overall result emphasizes that Starry Sky is still more interesting even for the negative 
students. The statistical errors for girls and boys are high. The negative students are a small group 
(32 students)  and it is better to consider the total population to be sure about the validity of the 
results. 
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4.4.4 Positive Students and Planetarium Programs 
 
The results of planetarium programs for positive students (who have given the overall grade 3 to 
Falun Science Centre) are given in figure D10 in appendix D. The results show that both boys 
and girls liked Starry Sky more than Slide Show. As the figure indicates, positive boys are more 
interested in planetarium programs (Slide Show and Starry Sky) than girls, although the 
difference is not strong. The highest grade of planetarium program is 2.2 for Starry Sky given by 
boys and the lowest grade is about 1.7 for Slide Show given by girls.  
 
 
4.4.5 Comparison between City and Village Schools  
 
Figure D11 in appendix D, shows the grade and difficulty of planetarium programs for city and 
village school children. As it was expected from previous results, Starry Sky is more difficult but 
still more attractive than Slide Show for the students of city and village schools. Although city 
school children liked planetarium programs more than village school children, but the difference 
is not very strong. There is not also a strong divide between difficulty of planetarium programs 
between kids from Falun and villages around the city. The highest grade and difficulty level for 
planetarium programs are 1.7 and 1.95, both given by city school students to Starry Sky. 
 
 
4.4.6 Comparison between Communal and Private Schools 
 
According to the figure D12 in appendix D, although Starry Sky was more difficult for both 
private and communal school students, but children like it more than Slide Show. The results 
indicate that kids from private schools like planetarium programs more than communal school 
children, but the difference is not remarkable. The difficulty of the programs for kids from both 
communal and private schools is nearly the same. 
 
The highest grade for planetarium programs is 1.76 for Starry Sky, given by private school 
children and the lowest grade is 1.31 for slide show, given by students of communal schools. 
 
 
4.5 Knowledge Maze 
 
The results of data analysis for Knowledge Maze are given in figures D13 and D14 in appendix 
D. According to the results, there is a strong divide between the interest of middle school groups 
and high school groups in Knowledge Maze.  
 
In middle school groups, the difference between boys’ and girls’ interests was not remarkable but 
in junior high schools, girls showed a bit more interest than boys in Knowledge Maze. The total 
average grade of knowledge Maze is about 1.5 of 3 (50% satisfaction).  
 
The result of difficulty shows that Knowledge Maze was easy for all students, although it was 
more difficult for girls in junior high schools, in comparison with other groups (1.75 of 3). The 
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level of difficulty is nearly the same for boys and girls in middle schools. The total average of 
difficulty is about 1.5 of 3.   
 
 
4.6 Overall Grade of Falun Science Centre 
 
The results of observations, interviews and questionnaires indicate that Falun Science Centre has 
been successful in providing an educational and exciting environment for children. Among one 
hundred comments on questionnaires (table 3.3), about 50% stated that they had fun or were 
satisfied with their visit. But about 15% expressed that the science centre was boring for them. 
Some of the visitors complained for not having enough time to visit all the exhibits patiently and 
accurately, but some of them stated that the time was too long. A limited number of visitors 
mentioned that they could think and learn a lot. But there are other visitors who requested more 
challenging and exciting exhibits. Talking in English and also reading labels in English were fun 
for some children and two of the teachers evaluated it as a good point of the Science Centre, but 
not everybody was satisfied with that. 
The opinions of teachers, who were interviewed, indicate that they are satisfied with their visit to 
Falun Science Centre. In reply to this question that: “what is your opinion about Falun Science 
Centre?” they stated that: 
 
? It is very good. Kids can learn lot of things here. 
? I like it very much. It is what we need. I found some ideas for my lectures. I want to come 

here several times. I will encourage kids to come here with their family. 
? It is ok. I like it. The exhibits are educational and enjoyable. I will use some ideas which I 

have got from in my lessons. 
? It is great. It is especially because the exhibits are hands-on and children can play with and 

enjoy them. But I think if teachers come here before, they can prepare children for visit and it 
will be more effective.  

? It is good. It is fun and interesting for kids. 
? It is nice and also educational. Kids like it. 
? I think all the exhibitions and planetarium programs are good. The exhibitions are too small 

and kids are not patient enough to read instructions. 
 
In reply to this question (on the questionnaire sheets) that if you like to come back here with 
your family, 55% of children replied No, 37% replied Yes and the others did not reply. 
The overall grade of Falun Science Centre based on the result of the questionnaires is given in 
figure 4.15.  The results show that middle school children were more satisfied with the 
Science Centre than junior high school children. It can also be noticed that girls liked Falun 
Science Centre more than boys, although the difference is not very strong. The highest 
average grade belongs to middle school girls (about 2.1) and the lowest one is for junior high 
school boys (about 1.4). The overall average grade given by all the middle and junior high 
school children (all school groups except disabled students) is about 1.87 of 3 (62% 
satisfaction) which is a good result for Falun Science Centre. 
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Overall Grade of Falun Science Center Given by Boys  

Grades  0 1 2 3 blank  Total 
Age Groups Number of Visitors(Boys) 

Average Grade 

Middle schools 9 33 43 46 3 134 1,96 ± 0,16 
Junior high schools 7 12 14 4 1 38 1,41 ± 0,31 
Total 16 45 57 50 4 172 1,84 ± 0,15 

 

Overall Grade of Falun Science Center Given by Girls 

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors(Girls) 

Average Grade 

Middle schools 6 26 63 49 2 146 2,08 ± 0,14 
Junior high schools 3 10 25 1 0 39 1,62 ± 0,22 
Total 9 36 88 50 2 185 1,98 ± 0,12 

 

Average Grade of Falun Science Center 

  Boys Girls All (Boys & Girls & Anonymous)  

Middle schools ( age groups 4 , 5 & 6 ) 1,96 ± 
0,16 

2,08 ± 
0,14 

1,99 

Junior high schools ( age groups  7 & 8  1,41 ± 
0,31 

1,62 ± 
0,22 

1,47 

Total ( age groups  4 , 5 , 6 , 7 & 8 ) 1,84 ± 
0,15 

1,98 ± 
0,12 

1,87 
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Figure 4.15  - Overall Grade of Falun Science Centre 
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4.7 Important Parameters in Designing and Presenting Exhibits and 
Planetarium Programs 
 
By considering the result of data analysis of observations, interviews and questionnaires in Falun 
Science Centre, as well as the result of studies of other research about Exhibitions and 
planetarium programs [such as: Bagge (2003), Barriault (1998), Bitgood et. Al. (1987), Borun 
(2001), Broman (2003a,b), Brooks (1956), Burcaw (1997), Cardiff (1995), Evans (1995), Falk & 
Dierking (1995), Fors (2003), Gilman (1916), Hedge  (1995), Hein (1998), Kelly (2002), 
Konopacki (2004), Korn (2000), Lang (2003), McLean (1993), Olea Exhibits/Display Inc  (2004), 
Oregon State University (1995), Peart (1984), Perry (1992), Robinson (1928), Roschelle (1995), 
Scanlon (1995), Åsa & Egebark (2001), Serrel (1996), The National Science Foundation (1998), 
Weiss & Boutourline (1963), Wilson (1994) and Wittlin (1949)], the authors of this dissertation 
believe that following parameters should be considered in designing and presenting exhibits and 
planetarium programs in Science Centers. 
 
 
4.7.1 Exhibitions  
 
The main goal of designing and presenting an exhibition is that the exhibition can communicate 
its message as effective as possible. For approaching this goal, the following points are very 
necessary: 
 
1) Central Theme or Focal Point for an Exhibit or Exhibitions 
The first step for designing an exhibition/exhibit is considering a main headline/ them for it. 
Some questions should be replied accurately: 
What is the most cha llenging aspect of the exhibit/exhibition? 
What is your goal and what ideas should be considered? 
What is the most important piece of information you want to convey? 
Is the theme change from exhibit to exhibit in an exhibition with a main focal point? If yes, how 
rapidly does it change? Is there a logical relation between different exhibits in an exhibition? 
In selecting the main theme for an exhibition, It should be noticed that if the subject is appeal to 
visitors (target group) or not. The theme and message of exhibits should be specific, simple and 
quickly understood, so that visitors can follow that. 
 
2) Target Group  
Who are visitors? What are their educational background, age and life style? 
Are they school children? Adults? General public?  
Do the target audiences change from exhibit to exhibit? 
 
Replying to the above questions will affect most of the parameters in designing and presenting 
exhibits. The visitors should be able to interact with the exhibits and learn from them. For 
instance, if visitors are kids, the exhibits could not be very difficult and the amusing aspect of 
exhibits is very important. 
In constructing an exhibit, the previous Knowledge and experiences of visitors should be strongly 
considered. The exhibits which are completely unknown for visitors would not be attractive for 
them. Life style and cultural aspects of visitors are also very important. 
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3) Budget 
Understanding budgetary parameters is crucial to the design process for determining and 
developing the best methods and tools. Considering the economical aspects is a preliminary, 
essential and inseparatable part of each plan such as constructing exhibitions. A limited budget 
causes limitations in making exhibits. Planning a schedule for the fees based on the entire 
available budget is also necessary before starting the process of constructing. 
 
4) Time  
 The designer(s) should consider the average amount of time and also a deadline for constructing 
exhibits/exhibitions. Having extra time means having extra fees and it will affect the economical 
aspects of the project. 
 
5) New Ideas 
An exhibition should present something new .Using new ideas, new plans, new materials and 
new methods in designing and presenting exhibits is necessary for attracting the visitors. It is not 
so interesting and maybe boring for visitors to see the same kind of exhibits with the same shape 
in different science centers. 
 
6) Educational and Exciting Aspects 
An exhibit / exhibition should be both educational and amusing. The exhibit should be 
educational, because it is in a science centre and a science centre is a place for informal learning. 
The visitors do not come to science centers only for enjoyment. They want to learn something. 
But the exhibits should be also amusing especially when the visitors are children. Children like to 
play with the exhibits and to enjoy their time and to have fun. It is the duty of designer(s) to 
select and perform appropriate plans to making exhibits both educational and amusing.  
 
7) Interactivity 
Interactivity is one of the most important characteristics of an exhibit/exhibition. The exhibits 
should be Hands-on as well as minds -on so that visitors can interact with them effectively and 
learn something new or develop their prior knowledge. It is so boring for visitors, especially for 
children, if they have only to read texts and to watch exhibits without interacting with them. Lack 
of interactivity in exhibits will cause serious problems for science centers to achieve their 
educational goals. 
 
8) Number of Exhibits/Exhibitions 
Number of exhibits and arrangement of them is very important. Visitor is not so patient to visit 
lot of exhibits in details in a limited time. It is not also a good idea to have a huge number of 
exhibits in a small science centre. 
 
9) Size/Height  
 The Size/height of exhibits should be determined based on requirements/restrictions. Maybe the 
designers decide to have the same size for all exhibits in an exhibition or even in all exhibitions. 
This decision, although has some advantages such as easy storage and transportation, but it 
makes some serious limitations and restrictions during the process of designing and constructing 
exhibits. Another point is the available space (area) in the science centre in which the exhibitions 
are supposed to be presented .Designing and constructing big exhibits for a small science centre 
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is not reasonable, because it will limit the number of exhibits and pieces of information which 
should be conveyed to visitors. 
 
10) Durability and Maintenance  
How long exhibits/Exhibitions will be used and maintained? 2 years? 5 years? 10 years? Or 
more? 
Should they be resistance against impact, humidity, high or low temperatures? 
If exhibits will be used for a long time, then the kind of materials and method of construction 
should be selected accurately so that the maintenance of exhibits could be easy.  
 
11) Materials 
A variety of materials can be used for constructing exhibits. For choosing appropriate materials, 
other parameters such as kind of exhibit, weight, durability, attractiveness, cost, preparation, 
transportation and color should be considered. 
  
12) Handling and Set up 
Exhibits should be easy to be handled and set up. Otherwise, extra fees should be charged for 
hiring experts and technicians to handle and set up them. 
 
13) Ease of Transportation and Storage 
Sometimes, even permanent exhibits are needed to be transported or stored for duration of time. 
Therefore Ease of Transportation and storage is an important factor in designing exhibits. 
 
14) Informal Design 
Sometimes, formal design (rigid or symmetrical design) is not very interesting and attractive for 
visitors. It is better to use informal design (not rigid or symmetrical) for increasing the attraction 
power of exhibits and for making exhibits more interesting .Flexibility is an important in design. 
Although designers face many restrictions, but they should always be trying to make something 
new and to avoid repeating prior designs. 
 
15) Safety 
The exhibits should be safe for the visitors. For instance, if an exhibition is about Mirrors, the 
sharp edges should be removed. The safety is also important in presenting exhibitions. They 
should be stable in their places and safe for the visitors who interact with them.  
 
16) Placement, Layout and Accessibility of Exhibits 
What is the most suitable place for displaying an exhibit/exhibition? 
What is the best arrangement of them?  
Which exhibits should be located in front of the other exhibits? 
 
Replying to this questions and applying them will affect the attraction power of exhibitions. 
Exhibits should be displayed in an appropriate place so that visitors can interact with them easily. 
The Traffic flow and viewing distance are very important in choosing the right place. The 
arrangement of exhibits should also be appropriate and in harmony with the environment in 
which they are. 
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17) Shape and appearance of exhibits 
Most visitors spend little time viewing exhibits. The exhibits should be well done and visually 
interesting. Exhibits should have attractive appearance and look nice to hold the attention of 
visitors. Using oval or circle shapes instead of regular rectangular shapes, make the exhibits more 
attractive. 
 
18) Color  
The number and kind of Colors which are used in an exhibit/exhibition is a very important 
parameter in approaching to all of the three main powers of them, specially attracting power. The 
psychological aspects of colors should be considered accurately .It is necessary that designer(s) 
consult(s) with an expert in the field of colors.  
 
The kind of exhibition and the kind of audiences (visitors) are very important during the process 
of choosing colors. For instance, the colors of an exhibition about Electricity should be different 
from the colors of a medical exhibition .If audiences (visitors) are mostly school children, us ing 
exciting colors like red and yellow or colors such as bright blue and bright green could be a good 
choice. Soft background colors with one or two bright colors can catch the eyes. Colors are also 
powerful tools for conveying the message and main theme of exhibits to the visitors. Sometimes, 
designer(s) can changes the message by changing the color of exhibit. 
 
19) Labels 
Labels play an important role in the three main powers of exhibits. Preparing suitable labels is an 
important part of designing and presenting exhibits. Labels should be provided with enough 
information and instructions, but as short as possible. Visitors, especially children do not come to 
science centers to read a book! They want to enjoy while they are learning. Labels could help 
them to interact with the exhibits correctly and effectively. 
 
The size, font, color, format and place of labels should be selected correctly. The labels should be 
located in a suitable place so that visitor can read them easily. If visitors are from different  
countries, labels are necessary to be in both local language and English as an international 
language  
 
20) Guides 
Having good guides is necessary for all science centers. Labels can not tell the whole story of an 
exhibit/exhibition. Maybe some exhibits are complicated or strange for some visitors and visitors 
need guides for getting enough information about them. 
 
21) Media 
Considering appropriate media for an exhibit/exhibition makes it more interesting and attractive 
for visitors. Television, computer, film, internet video, photography, illustration and print are 
different kinds of media which can be used. Choosing the right kind of media depends on the 
target group as well as available facilities. 
 
22) Effects 
Using special effects such as 3-D photos, graphics, different foam boards, and light is an effective 
way for increasing the attracting power of exhibits. It is a good idea to keep the exhibits lighted 
and to use different effects of light.  
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23) Environmental Conditions  
A clean and quiet place with an appropriate temperature and air conditioning is very effective in 
presenting exhibits and attraction of visitors. 
 
24) Psychological Factors 
Psychological factors such as wall colors, noise, visitor Traffic flow, decoration, light levels as 
well as placement of exhibits and entrances are very important in presenting exhibits and will 
influence visitors. 
 
 
4.7.2 Planetarium Programs 
 
1) Central Theme 
The first step for making a planetarium program is choosing a main theme. The first some 
questions should be replied accurately: 
What is your goal and what ideas should be considered? 
What is the most important piece of information you want to convey? 
 
In selecting the main theme for a planetarium program, it should be noticed that the subject is 
appeal to visitors (target group).It could be about stars, Starry Sky,  constellations , planets, 
galaxies, Comets, spacecrafts or any other subject related to astronomy. The educational 
objective of the program should have been clearly defined .The message of the program should 
not be so complicated that visitors can not understand and follow it. 
 
2) Target Group 
Who are visitors? What is their educational background, age and life style. 
Are they general public of different ages or School groups?  
 
Replying to above questions will affect designing and presenting the planetarium program. 
Before making a planetarium program, target group and its culture, age, life style as well as 
previous knowledge and experience should be strongly considered. If visitors are kids, the 
program should not be difficult. Details of scientific facts should be neglected because details 
make visitors tired and the main subject will be forgotten.  
 
3) Budget 
Considering the economical aspects is a preliminary, essential and inseparatable part of  each plan 
such as making a planetarium program. Planning a schedule for the fees based on the entire 
available budget is necessary before starting to make a planetarium program. 
 
4) Time 
A planetarium program should not be so long that make the visitors tired. Especially children are 
not so patient to sit on their chairs for a long time. For instance, the appropriate time for a slide 
show or presenting constellations in the sky is between 10 to 15 minutes. 
 
 
 



   68 

5) New Ideas 
A planetarium program should present something new or at least present scientific facts in a new 
way .Using new ideas, new plans and new methods in designing and presenting planetarium 
programs  is necessary for attracting the visitors. It is not so interesting and maybe boring for 
visitors to see the same program with the same topic in different science centers. 
Try to use new ideas, up to date information and new technological equipment for making and 
presenting planetarium programs. Always continue to get new information and to make new 
programs. 
 
6) Fiction or Fact 
Before going to make a slide show or to describe Starry Sky, you should decide about kind of 
information you want to convey. Although fictions are attractive, especially for kids, but the 
results of different research show that visitors, even young kids, like scientific facts more than 
fiction. If you want to use both fiction and fact in making or presenting a planetarium program, 
you should be careful to clarify for visitors, preferably indirectly, which parts of the program are 
fictions and which parts are scientific facts. 
 
7) Planning Details of Story 
Prepare a layout and decide about different sections of planetarium program that you want to 
make or present.  
 
8) Writing Manuscript 
Write a manuscript for the program based on your decision about target group, kind of the 
program, time, sound and light effects as well as available equipment. Even if you want to 
operate a planetarium program and describe, for instance, the constellations in autumn sky, you 
should have a clear and written description. You should know exactly what you want to say. 
 Try to practice the program before starting to present it for visitors. 
 
9) Making or Choosing the Elements of the Program  
If you are going to make slide show, you need to take the photos or choose them from a permitted 
source. You should do the same for sound effects, music and graphics. 
 
10) Preparing Necessary Equipment 
Computer, projector and sound devices and are among necessary equipment for presenting 
planetarium programs. Planetarium cylinders, Planetarium projector and laser pen are also needed 
for presenting Sky program. Try to use all available facilities and up to date technology to make 
the presentation attractive and educational for visitors. 
 
11) Special Effects and Feeling in Space 
Use sound and light effects in planetarium room to make the environment more attractive for 
visitors, so that the visitors feel that they in space. 
 
12) Environmental Conditions 
A clean and quiet place, an appropriate temperature (cooler than the  outside of the room) and air 
conditioning are very effective in degree of success of planetarium program. 
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13) Language of the Program 
 Use simple language and talk to visitors in their own special languages. It means, if you are 
talking to kids, keep their special language; friendly and calm. Don’t speak and behave formally 
and be friend with kids. This is also true when you want to make a slide show. Language of story 
teller in a slide show should be simple and friendly. 
 
14) Sharing Visitors in The Experience 
 If you are supposed to describe Sky sky, try to share visitors, especially kids in directing the 
program. Ask them simple questions and encourage them to express what they think and to help 
you while you are describing Sky sky. 
 
15) Director of the Program 
Director of the program should be an experienced and professional person or at least a person 
who has enough knowledge to run planetarium program and to give enough information about 
the program. 
 
16) Enough but Short Description 
It is not a good idea if you want to convey lot of information in a short time to visitors. It is better 
to have short but effective descriptions so that visitors can keep them in their minds.  
If the aim of the program is to give a description of different constellations  in the sky, operator of 
the program should not mention lot of constellations, because visitors and specially kids can not 
learn all of them in the same time and in that case probably will forget most of them. 
 
17) Discussion with Visitors after the Program 
It is a very good idea to have a ten-minute discussion about what visitors have learned after 
planetarium program. The discussion will help visitors to find the answer of their questions and 
share in what they have learned. It is also a good opportunity for planetarium staff to evaluate the 
program.  
 
18) Method of Description  
The method of description is very important in learning process, either in making a slide show or 
in talking about Sky sky. Use the best method based on the kind of program and audiences. For 
instance, if you are describing constellations in autumn sky, it is better to start with big dipper 
and great bear, then continue with Polaris, Cassiopeia, Andromeda, Pegasus and Perseus. You 
can also talk about summer triangle. It is better to come back to big dipper again after introducing 
a new constellation and show the path that visitors should follow. It is also a good idea to repeat 
the names of constellations that you have described at the end and encourage visitors to help you. 
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5. Discussion 
 
The authors of this dissertation have tried to evaluate different parts of Falun Science Centre 
including different exhibitions, Stella Nova Science Centre and the Knowledge Maze. They also 
have tried to recommend a framework including important parameters in designing and 
presenting exhibits and planetarium programs. 
 
Studying learning in museums, as Hein (1998) states is limited not only by the short duration of 
typical visits but also by infrequency of visits. Although the time was limited for the researchers 
to prepare an extensive evaluation and to consider all details, but they have done their best to 
consider all important points that they have faced during their internship in Falun Science Centre 
and doing their research. They used different methods for their studies such as timing and 
tracking observations (only for Mirrors Exhibition), general observations, questionnaires and 
interviews for collecting necessary data. In timing and tracking observations, 44 visitors (22 boys 
and 22 girls) from 22 different school groups were observed. 
 
The school groups were from Falun and some villages around the city. The researchers had also 
general observations during their internship. They observed the interaction of visitors with 
different exhibitions as well as Knowledge Maze and planetarium programs. They received 420 
replies from the visitors who had been given questionnaires.  
 
The authors have tried to analyze the data which they have collected during their studies 
accurately and to draw interesting results. They noticed the fact that although the experience that 
each visitor has in a science centre is unique, but similarities and trends across experiences can be 
generalized and used to improve the role that science centers play in informal learning. 
 
In this dissertation, the researchers have tried to get new and interesting results regarding science 
centers and visitor studies based on their educational background, their experiences, the result of 
their research in Falun Science Centre as well as the results of the research which have already 
been done. The results of this dissertation can be discussed in the following fields: 
  
1) One of the most important aspects of exhibits/ exhibitions which is very important in attracting 
power, is beauty and appearance of them. Exhibits/ Exhibitions should have a suitable color, 
shape and size so that they look nice and attractive for visitors. This parameter is very important 
especially in a big science centre in which visitors select to visit the exhibits that look nice and 
better than the other ones during a limited time. The researchers also noticed that decoration and 
arrangement of exhibits are also important in attraction power. 
 
Observations in Falun Science Center confirms the statement of Hein (1998) that visitors are 
more likely to use trial-and-error methods at interactive exhibits than to read instructions; that 
children are more likely to engage with interactive exhibits, and that attention to exhibits declines 
sharply after about half an hour. But the studies also demonstrate the idea of Hein (1998) and 
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some other researchers that the time visitors spend attending to individual exhibitions can be 
dramatically increased (doubled or more). 
 
The authors also noticed that, as Brookes and Vernon (1956) state, a proportion of children do 
spend 5-10 min. or more at particular exhibits that arouse their interest  like Images Mixer, Flat  
Mirror and Chess Mirror as well as the fact that large proportion tend to flit from one thing to 
another and treat the exhibitions more as an amusement arcade than as a source of scientific 
information. The researchers observed that according to the Hein’s statements (1998), children 
orient themselves, engage in fantasy play, carry out investigations, and generally interact with 
objects. But as Hein(1998) states, in many cases, they did not do what exhibit designers intended, 
but indulged interests of their own ranging from casual interactions to pursuing personal and 
social agendas. 
 
2) The most important parameter in holding power is interactivity. Visitors especially kids like to 
interact with exhibits. They also like to enjoy their visit. Enjoyment can help and accelerate the 
process of learning. As Richard Gregory (1997) states: If necessity is mother of invention, play is 
father of discovery. Science indeed, starts with play. 
The formal education literature, as Hein (1998) states, has suggested for decades that students 
would learn if they were able to involve in meaningful physical activity. 
 
The results of research and evaluation in Falun Science Centre indicate that Mirrors and 
Electricity were more successful than the other exhibitions of Falun Science Center, because they 
were more interactive than the others. Comets and Math in the World included lot of texts, 
without a considerable interactivity. That is why visitors did not pay attention to these exhibitions 
so much and were not satisfied with them.  
 
Data analysis based on Barriault (1998) framework shows that there is also a direct relation 
between interactivity and learning power. This confirms the statement of Hein (1998) that there 
can be no learning if there has been no interaction and the fact  that in order for learning to occur 
in the museum, the visitor has to attend to something. 
 
3) The authors used Barriault method for evaluating learning power of Mirrors Exhibition. The 
results confirm that the recommended method by Barriault as a preliminary framework is a good 
tool for evaluating depth of learning, although it is not an extensive method and can not show 
every thing regarding learning power of exhibits. This method cannot indicate what visitors 
exactly learn from their visit to different exhibits in a science center. It provides only a general 
idea, without details about educational aspect of an exhibit. This method does not reply the 
question that why an exhibit has a high or low learning power. Learning is a complicated and 
continuous process and no generalized method can be found that determine the level and depth of 
learning accurately and only based on the behaviors of visitors during interacting with exhibits. 
 
Images Mixer is one of the best exhibits of the science center and the best among Mirrors 
Exhibition. Some visitors and teachers stated that although they had lot of fun with Images 
Mixer, but it was not very educational. 
 
The authors agree with the statement by Stevenson (1987) that visitors learn without being aware 
that they are learning. They believe that visitors have learned during interacting with Images  
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Mixer, Flat Mirror as well as many of other exhibits in Falun Science Center, although they are 
not aware of that. They also believe that although some exhibits like Stick on the Ring or even 
Nail Chair  do not look educational, but visitors spent much time to try them and learned 
something. For instance, visitors had the opportunity to learn from playing with Stick on the Ring 
that how to concentrate on something and to control their actions. They could learn how to make 
a relation between what they thought and what they did. They could learn from Nail Chair that 
many things can be different from what they have in their minds as well as the fact that they 
should be ready to experience unusual phenomena in their lives. 

 
Learning starts with a spark in mind after reading, seeing, hearing, touching, tasting or smelling 
something. It will continue and will be completed step by step in the future. If visitors interact 
with an exhibit and enjoy it, it means that the process of learning has been started or is 
improving. 
 
4) Among the different exhibitions of Falun Science Center, Math Puzzles and Math in the World 
were the most difficult ones. But the difficulty of all exhibitions falls within a narrow range from 
1.7 to 2 which is reasonable; not so simple, and not so hard. Although, most of the exhibitions for 
both middle and high school groups were more difficult for girls than boys, but the difference 
was small. 
 
The results indicate that there is not a general relation between grade and difficulty. But in some 
cases like Math in the World, having a relatively high degree of difficulty could decrease the 
interest of visitors. But it can not be generalized to all exhibitions and some other parameters 
such as interactivity should be considered. 
 
The results demonstrate the idea that exhibits should be both challengeable and interactive to 
attract the interest of visitors. Electricity was difficult for kids, but its exhibits were interactive 
and children liked them very much. That is why Electricity has the highest grade after Mirrors. 
Overall, the level of difficulty for all students is reasonable; not so simple, and not so hard. 
 
Perry (1992) argued the six important factors during a successful visit to museums lead to 
learning. These factors are curiosity, confidence, challenge, control and play. The results of this 
dissertation confirm this idea, especially the fact that an exhibit should be exciting, educational, 
interactive and challengeable. Visitors especially kids, like to play, interact with exhibits and feel 
that they are doing something important. Although there is not a direct relation between difficulty 
and grade of the exhibitions according to the results of this research, but the results confirm that 
difficulty is an important parameter in designing exhibitions. The exhibits should be 
challengeable, but it does not mean that they should be very difficult so that most of visitors can 
not play with them. 
 
The word challengeable means that exhibits should make visitors to think and to use their 
abilities. Challengeable means interactive, not very easy and not very difficult. The level of 
difficulty depends on the age and educational background of visitors. If the exhibits in a science 
center are so difficult that no body can do them or so simple that visitors can do them easily; 
without thinking and challenging, the science centre will fail to achieve its goal to make an 
exciting and educational environment for visitors.  
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5) In this dissertation, the authors recommended the most important parameters in designing and 
presenting exhibits as well as planetarium programs in a science centre based on their studies and 
the results of their research.  They noticed that the main goal of designing and presenting exhibits 
and planetarium programs is informal learning, although enjoyment should be considered as an 
important parameter.  
The parameters for exhibits include central theme or focal point, target group, budget, time , new 
ideas, educational and exciting aspects, interactivity, number of exhibits/exhibitions, size/height, 
durability and maintenance, materials, handling and set up, Ease of Transportation and storage, 
Informal design, Safety, Placement, Layout and accessibility, Shape and appearance , Color , 
Labels , Guides, media, effects, environmental conditions  and psychological factors. 
 
The important parameters recommended by the authors for designing and presenting planetarium 
programs are: central theme, target group , budget, time, new Ideas, fiction or fact, planning 
details of story, writing manuscript, making or choosing the elements of the program , preparing 
necessary equipment, sharing visitors in the experience, discussing with visitors after the program 
, special Effects and feeling in space, environmental conditions, language of the program, director 
of the program, enough but short description and method of description.  
 
 
The results confirm the idea of Serrel (1996) that attention to ergonomic factors can make a 
difference in visitors’ attention and engagement with exhibits, as well as their learning. The 
authors agree with the statement of Hein (1998) that in many instances, visitors’ interaction with 
individual exhibitions has been improved by changing the physical conditions, providing more 
opportunities for visitors to engage, feel rewarded, or be motivated. The results also confirm 
Hein’s opinion (1998) that orientation and other environmental psychological factors such as 
light levels, wall colors, placement of exhibits and entrance, noise, crowds, visitor Traffic flow, 
play an important role in museums and science centers and influence visitor perceptions and, 
therefore, visitors comfort. 
The researchers also noticed that, as Hein (1998) states, explanatory labels, as distinct from no 
labels at all; make an enormous difference in visitors´ attention. 
 
6) The results show that Mirrors and Math in the world  have the highest and lowest grade 
respectively, for both middle and high school groups.  
 
Electricity, Traffic, Math Puzzles, Comets and Perspective fall between Mirrors and Math in the  
World, in order from the highest grade to the  lowest grade for the both kinds of school. The trend 
is the same as before in interest of girls and boys in different exhibitions. Although for most of 
the exhibitions, girls in middle schools showed more interest than boys (with some exceptions in 
Electricity, Comets and Perspective), but the difference is not strong enough to be considered 
seriously. The highest difference between the grade given by boys and girls in middle schools is 
for Math Puzzles and Mirrors respectively. 
 
The results are nearly the same for the grade given by junior high schools, but there are some 
differences. There is a clear difference between the interest of boys and girls in most of the 
exhibitions. Girls in junior high schools were also more interested in the exhibitions than boys  
(with some exceptions in Comets and Math in the World). 
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Overall, the results of this dissertation indicate that degree of success of a science centre has a 
close relation to expectations of its visitors and the expectations, in their own turns, depend on 
the age, gender and educational background of visitors. Generally, the exhibits of Falun Science 
Centre were more attractive for middle school children than for junior high school students. The 
results also show that although boys like some exhibitions such as Comets more than girls, 
generally girls are more interested in the exhibitions of Falun Science Centre than boys. 
 
7) This dissertation gives interesting results for disabled students. They were more interested in 
Math in the World, Comets and Perspective respectively than all other school groups, but their 
interest in Electricity, Traffic and Math Puzzles are less than all others. The other interesting 
result is that Math Puzzles, Comets and Perspective were a bit less difficult for disabled students 
than the other students, although generally there is not a strong divide between the difficulty of  
exhibitions for disabled students and other school children. 
 
8) The results show that there is nearly no important and strong change in order of interest of 
positive and negative students in different exhibitions in comparison with other school groups.  
But it seems that among negative students, girls were less negative than boys. They gave better 
grades to all the exhibitions. The negative girls were more interested in Traffic and Perspective 
than Electricity. But for the boys, Mirror s, Electricity and Traffic were the best respectively.  
Among the negative students, the highest grade is 1.1, given by girls to Mirrors and the lowest 
grade is 0.17, given by boys to Comets. 
 
But positive students, both boys and girls, showed nearly the same interest in most of the 
exhibitions. The highest differences are in Math Puzzles and Perspective. Math Puzzles were 
more interesting for girls than boys, but Perspective, Comets and Electricity were more attractive 
for boys than girls. 
 
9) A comparison between village and city schools indicates that the trends of grade and difficulty 
are nearly the same for both kinds of school. The difference between grades given by both groups 
to different exhibitions is not very remarkable. But city school groups showed more interest in 
Mirrors than village school children and village school groups indicated more interest in 
Electricity and Math Puzzles than children from city schools. Village kids also showed nearly the 
same interest in Mirrors and Electricity. The highest difference in difficulty between city and 
village children is for Comets which is easier for city school groups. Math in the World and Math 
Puzzles are still the most difficult exhibitions for both city and village school students. 
  
10) The authors noticed that the children from private schools liked the exhibitions more than 
kids from communal schools, although the difference is not strong. The trend of interest in 
different exhibitions is also the same for the both groups. There is not a strong divide between 
difficulty of different exhibitions for both communal and private school groups. 
 
11) The results show that among the planetarium programs, there is not a strong divide between 
interest of girls and boys as well as interest of middle school and junior high school children to 
the slide shows. Between two different slide shows, boys were more interested in Journey 
Through Space (scientific facts) than Andromeda Story (fiction). But girls showed the same 
interest in both of the slide shows. Overall results indicate that children like real science more 
than fiction.  
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Boys and girls as well as middle school and high school children have nearly the same idea about 
difficulty of the slide shows. The total grade for difficulty is about 1.75 of 3. It means that the 
slide shows were easy for kids to understand, but still they did not like them very much.  
 
The results indicate that girls were more interested in Starry Sky program than boys, although the 
difference is not remarkable. This confirms the results of research which has been done by Åsa 
Schedin and Ylva Egebark (2001). The research indicates that girls are more interested in stars 
and planets but boys like rockets, satellites and space journey. There is not also a remarkable 
difference between the interest of middle and high school children. But based on the experience 
and observations of authors of this dissertation, younger kids were more interested in Starry Sky 
than the other ones.  
 
Although the Starry night was a bit more difficult for girls than boys, but the difference between 
difficulty of the program for boys and girls as well as for middle schools and junior high school is 
negligible. The total average of difficulty is about 1.94 of 3. 
 
The studies demonstrate that children (both girls and boys) like the Starry Sky program more 
than Slide Show, although the Starry Sky is more difficult than Slide Show for them. It also 
shows that children like to see and learn scientific facts even if the facts are more difficult than 
fictions. 
Journey Through Space was also about scientific facts, but by watching the Starry Sky in the 
planetarium, the children really felt that they were looking at the  real sky at night and felt  
themselves closer to the real world.  
 
The results surprisingly indicate that planetarium programs were easier for disabled students than 
the other school groups but they showed less interest in planetarium programs in comparison with 
other schools children.  
 
Among negative students, boys still like Starry Sky more than Slide Show but girls surprisingly 
are more interested in Slide Show. Starry Sky is still more interesting even for the negative 
students. 
 
The results show that positive boys and girls liked Starry Sky more than Slide Show.  
Positive boys are more interested in planetarium programs (Slide Show and Starry Sky) than 
girls, although the difference is not strong.  
 
It can be seen from the results that Starry Sky is more difficult but still more attractive than Slide 
Show for the students of city and village schools. Although city school children liked planetarium 
programs more than village school children, but the difference is not very strong. There is not 
also a strong divide between difficulty of planetarium programs between kids from Falun and 
villages around the city. 
 
The results also indicate that kids from private schools like planetarium programs more than 
communal school children, but the difference is not remarkable. The difficulty of the programs 
for kids from both communal and private schools is nearly the same. 
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12) According to the results, there is a strong divide between the interest of middle school groups 
and high school groups in the Knowledge Maze. In middle school groups, the difference between 
boys’ and girls’ interests was not remarkable but in junior high schools, girls showed a bit more 
interest than boys in the Knowledge Maze. The result of difficulty shows that Knowledge Maze 
was easy for all students, although it was more difficult for girls in junior high schools, in 
comparison with other groups. The level of difficulty is nearly the same for boys and girls in 
middle schools. 
 
The results indicate that middle school children were more satisfied with the Science Centre than 
Junior high school children. It can also be noticed that girls liked Falun Science Centre more than 
boys, although the difference is not very strong. Beautiful paintings by girls, especially younger 
ones, at the back of the questionnaire sheets confirm the results. 
 
Overall, the results of observations, interviews and questionnaires indicate that Falun Science 
Centre has been successful in providing an educational and exciting environment for children. 
Among one hundred comments on questionna ires (table 3.3), about 50% stated that they had fun 
or were satisfied with their visit.  The opinions of teachers, who were interviewed, indicate that 
they are satisfied with their visit to Falun Science Centre. Among 420 replies to the 
questionnaires, 26% gave the overall grade 3 to the Falun Science center against only 7.6 % who 
gave zero. 
 
As a summary, differences between grades and difficulties show significant figures when 
comparing exhibitions. There are however only small differences regarding age, gender, 
city/village and communal/private schools with few exceptions. 
 
At the end, the messages emanating from Falun Science Center like all other science centers and 
museums, as Hein (1998) states, are stories and narratives to be read and understood by visitors. 
The image of the story and its possible multiple meanings is a model for teaching and learning or 
in fact, a model for constructing our understanding of the world. 
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Table A2 - Comments of Visitors on the Questionnaires 
 

No. of 
Questionnaire 

 
Comments 

4 There were many things we have already done in school 
6 It was fun and boring. The most fun thing was the ring on the stick. 
7 I think it was a lot of fun. Go on with this! 
15 Hi, hi. 
18 Some more things. A “real” Newton’s rock. 
21 I think it was a little bit fun. But the stars in the ceiling were fun. 
24 I think it was instructive and fun to visit. 
28 It was boring 
31 It was boring 
32 I didn’t think it was fun. 
38 It was fun 
51 Please some more challenging experiments with more effects 
53 The Nail Chair. Grade: Excellent. 
55 What I found the most fun was the maze outside the house and some experiments 

was difficult and it was written in English and I am not so good in English so some 
experiments I didn’t understand 

57 (Might come, if I may) 
58 Some more radio controlled things  
60 It was fun to learn things about “the world”. But after a while it was boring when 

one had done everything! 
61 Fun, one learned a lot about stars etc. 
62 It was fun but some things one didn’t understand and one learned things 
64 It was fun but after a while one had done everything and there was nothing left! 
70 

Teacher 
Difficult for younger pupils at some stations. Perhaps one could suggest to the 
younger ones what stations they can skip. The rooms could be better. It is easier for 
the experiments to function if one has other possibilities to organize them. 
 
Easy and difficult depends totally on what pupils are at the experiment. I have tried 
to give median answers. 

71 
Teacher 

Many pupils don’t take the time to read everything at every experiment instead they 
test happily and quickly. To really understand they should be guided by adults. But 
as inspiration it was good. 

77 Good!! 
78 I had fun 
79 The film could be better 
80 The film could be better 
81 The maze was the best. In second place comes the nail chairs  
86 The film could have been much better 
87 Almost everything was great fun 
98 

Teacher 
- Some stations lacked material that was mentioned in the instruction. 
 + Many more stations than + when the center was situated by the river. 
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Table A2 - Comments of Visitors on the Questionnaires (Continued) 
 

 
106 

It was most fun with the mirrors and the planetarium program about the stars 

107 The most amusing experiment was clearly the mirror when sitting on either side, the 
pyramids etc. was also very good. The planetarium = ?! 

109 I don’t think it was that much fun. It would have been more fun if there were things you 
could do with e.g. a friend, such as a competition maybe? And then more fun colors of the 
wall papers  

110 I think there were too few things in a too long time! 
113 I think it was fun but it was too long time… 
114 As said, the old Falun Science Center was better \ Robin 
116 It was too boring 
117 Too long time 
118 It was too muck time and few things 
145 I thought that fun but I don’t know if I want to come back. /Moa 
149 It is well done!! 
150 Good students who have done a good job!!! 
151 Had time to do what I wanted 
161 It was great fun because you had to think a lot and do a lot! 

Thanks that I could come and look at what one could do! 
162 Boring!!! 
163 It was shit bad / boring 
167 Boring!!! 
168 Boring!!! 
175 I think some things were hard to understand. E.g. the number shall be ten. It took a while 

before one understands. Apart from that everything was good. 
178 Fun Fun 
204 It was a little boring and not as I had expected 
219 

Teacher 
I wish we had more time. The things I had time to try were very good! 
The magic cards (1-31) do we use right now. We have got several mind readers. 
Fun to see the pupils speak and understand English. Appreciated by both them and me. 
Thank you! 

222 One could try the fishing thing. It was excellent. Rather difficult 
228 Thank you for a nice visit. 
229 

Assistant 
A little more room for wheel chairs and permobiles would be good… 

232 I didn’t have time for all experiments. /Teachers comment: You don’t need to take this 
student so seriously.. 

245 They could have spoken Swedish! Because those who have difficulties with English 
maybe didn’t think it was any fun at all! 

246 They could have spoken Swedish! Because those who have difficulties with English 
maybe didn’t think it was any fun at all! 

250 I thought that the film and was good but best were the constellations it could have lasted 
longer. Most fun was probably the mirror room when you sat opposite to one another. 
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Table A2 - Comments of Visitors on the Questionnaires (Continued) 
 

251 I thought that the starry sky was most fun. It was the most interesting. But the mirrors 
were fun to. 

252 I think it was great fun at Falun Science Center. It was well done and one could learn a 
lot. 
I liked the zebra mirror most. It was most fun!!! I laughed a lot. 
I think that I and my family will some Saturday. 
It was great fun!!! 

256 
Teacher 

Fun to get information in English. Most pupils understood a lot. Good to get English so 
concretely in experiments and the planetarium. 
Over all a very good exhibition but instructors are needed at some exhibits. We were there 
yesterday and a few experiments were not in good shape and a few didn’t work. 

258 It was extra fun that most was in English! One learned a lot! 
261 It was rather fun. 
263 Boring!!! 
265 Shit boring! 
266 Thanks 
277 I think it was exciting, both easy and reasonably difficult. You were kind. Very Very kind 

thank you we could come to you thank you very much. 
You can call me Bella It was very cozy. You had fine things in there couldn’t you come to 
the Sågmyra school some time or because that is what I think. 

278 ? MVG ????? 
289 It was fun we could come! Thanks! 
290 It was most fun with the mirrors and there were a few things that were hard to understand. 
292 A few things were hard to understand 
293 I think that it should be a little more exciting. 
295 Thanks yourself MVG 
305 It was fun. I didn’t visit all stations so I couldn’t grade all. 
310 It was fun 
316 NO 
317 Get more fun things 
321 One could learn English. Good teachers. 
325 Good teachers 
327 One could learn English 
328 It was fun that they spoke English. The nail chair was fun. 
331 It was fun it was in English 
332 It was fun to be there! 
334 It was fun that they spoke English 
352 I think that the chess game was weird an very much fun 
353 It should be written in Swedish everywhere 
356 It was difficult when it only was written in English 
357 Everything should be written in Swedish also when it was only written in English! 
358 It was difficult when it was written in English. 
360 I think that the texts to the stations should always be in both Swedish and English 

(sometimes it was only in Swedish). 
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Table A2 - Comments of Visitors on the Questionnaires (Continued) 
 

361 It should be written in both English and Swedish everywhere. 
362 I think that the explanations should be written in both Swedish and English 
363 It was hard when it was written in English. It should be written in Swedish to. 
368 I’d like to come back with the school. Very much! But with the family I’d rather go to a 

movie. 
404 Some things were fun. 
410 Hej Hej!! 
411 I think that you explained how one should do the things awkwardly. There was some 

things I didn’t understand. 
412 Sug! Was bad! (written in English) 
414 A little better instructions what you shall do! Otherwise very good!!! 
419 It was bad air 
420 MVG 
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Table A3 - Interview with school teachers, Falun Science Center 

 
Questions of Interview : 
 
(1)Which part of this Science Center is much interesting for you? Why?  
 
(2) Which part of this Science Center didn’t you like? 
 
(3) What is your opinion about Planetarium program including Slide show and Starry Sky? 
 
(4) Is there any thing else here that you want to say? 
 
(5) What is your overall opinion about this Science Center? How do you like it? Why? 
 
 
No. 1   Teacher:   A                  School:  15                         Date:18/05/2004            (morning) 
 
 

*Age Grade: 4, Slide Show: Andromeda Story 
 
(1) Mirrors. Because they are concrete and capture the interest. Mirrors are fun and easy for kids to know 
what to do with them. Kids do not have enough time and do not like to read so much. 
 
(2) Many things here are the same ones in other science centers (like Pyramids), but some Electrical 
Exhibits and Traffic Exhibition (like Friction) are new. 
 
(3) It is hard to make relation between the story and stars in Slide Show (Andromeda Story). It needs a 
better connection. Slide Show and Starry Sky were easy. 
 
(4) Every thing is nice. 
 
(5) It is very good. Kids can learn lot of things here. 
 

 
No. 2   Teacher:  B                   School: 17                             Date:26/05/2004          (morning) 
 
 
*Age Grade: 4, Slide Show: Andromeda Story 
 
(1) Mirrors, also Mathematical Puzzles and Electrical Exhibits. Mirrors have good instructions and labels. 
But they could not explain every thing for the kids. I was not prepared and some labels were not so clear. 
 
(2) I like every thing. There are different things for different kids and also adults. Some exhibits are 
popular. 
 
(3) In Slide Show, story is a little simple and boring for kids in this age. Starry Sky is very nice. Kids have 
already known something about it and learned more here. 
 
(4) I think there are some mistakes in some labels. 
 
(5) I like it very much. It is what we need. I found some ideas for my lectures. I want to come here several 
times. I will encourage kids to come here with their family. 
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No. 3  Teacher:  C                    School:  18                        Date: 27/ 05/ 2004         (afternoon) 
 
 

*Age Grade : 7 
 
(1) Mathematical Puzzles. I enjoyed myself to do them. They are difficult. 
 
(2) Electricity. I know lot about electricity and my students build some of them by themselves. It is not so 
new for me. 
 
(3) I like both Slide Show and Starry Sky. They are not so long. In Slide Show, The images are changed in  
a short time for giving new information. In Starry Sky, time and descriptions are enough. It is short and 
students can learn about constellations. If it was so long with long descriptions, the kids would not learn so 
much. 
 
(4) I think among the Mirror Exhibits, periscope is the best. 
 
(5) It is ok. I like it. The exhibits are educational and enjoyable. I will use some ideas which I have got 
from them in my lessons. 
 

 
No. 4   Teacher:  D                      School: 20                            Date: 27/ 05/ 2004     (morning) 
 
 
*Age Grade : 7 
 
(1) I did not play every thing. But I think Mirrors Exhibition is the best, especially Periscope. Because it 
teaches something about submarine. 
 
(2) Flat Mirror and drawing images on it. Only because it takes time to do that. I saw the kids doing that 
and it took their time. 
 
(3) Both Slide Show and Starry Sky were good. But it is better to have the descriptions and names of 
constellations both in English and Swedish. 
 
(4) I like this kind of exhibitions. 
 
(5) It is good. The kids were always busy with them and they did not become tired. 
 
No. 5   Teacher:  E                 School:   18                           Date: 27/ 05/ 2004      (afternoon) 
 
 
*Age Grade : 5 ,  Slide Show: Journey through space 
 
(1) Mathematical Puzzles, because I am interested in mathematics. I want to buy some things , like those 
which are here, to put them at school for children. 
 
(2) Electricity. They are difficult for children. There were not enough instructions on labels. Children do 
not know what they should do with them. For instance, The Flags and light. Also about Comets, The labels 
are in English and it is difficult for children, and also for me, to understand them. For instance, the exhibits 
Solar Wind Effects in Comets Exhibition is difficult.. 
 
(3) Slide Show was quite good and easy for children to understand. It was like a TV program. But maybe, 
children should have some preliminary lessons in school for better understanding. 
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Starry Sky was also very good. It was educational. You saw that they learned. When you asked them again 
about constellations, after your description, they could name different constellations. I think that boys like 
the planetarium program more than girls do. But as I said about Slide Show, it will be better for children to 
learn about Starry Sky at school, before coming here.  
 
(4) The Mirrors are great. I like them, specially the one which mixes two faces (Images Mixer). 
 
(5) It is great, especially because the exhibits are hands-on and children can play with and enjoy them. But 
I think if teachers come here before, they can prepare children for visit and it will be more effective. 
 

 
No. 6    Teacher:  F                School:  21                             Date: 01/ 06/ 2004          (morning) 
 
 

*All visitors are boys, age grade : 5 
 

(1) The Ring On The Stick. It is very interesting for children and also for me. The Zebra Mirror (Images 
Mixer) and Curve Mirror are also good and interesting. I like also the exhibit “Do You Have a Steady 
Hand?”  in Electricity Exhibition. But I think it could be 4 or 5 times larger!  So that we could pass the 
loop through a large metallic path over our head! 
I also like making Pyramid in Mathematical puzzles. It is good, but it could also be larger than it is. I also 
like nail chair.  
 
(2) I do not like Mathematics In The World. Because the texts are in English and it is difficult for kids to 
read the texts and understand them. I also do not like Solar Wind Effects in Comet Exhibition. It takes a 
lot time for kids and also for me to read the texts to understand them. 
 
(3) Slide Show was good. The kind of Slide Show depends on the age of kids and I think Journey Through 
Space is good and easy enough to understand for kids in this age. 
But about Starry Sky, it is better if you introduce fewer constellations. It is also better if you talk about 
galaxy more; what is galaxy and its contents. Because kids do not know what galaxy is. 
 
(4) I think it is better if you have different rooms for different exhibitions like Mirrors. 
I also think that it is better if you have larger exhibits, less but larger!  You can take all these 50 exhibits 
away and make 20 ones larger! 
 
(5) It is good. It is fun and interesting  for kids  
 

 
No. 7    Teacher:  G                    School:  21                         Date:01/06/2004           (morning) 
 
 
*All visitors are boys, age grade : 5 
 
(1) Almost every thing is good, specially Mirrors. Many of exhibits in Mirror Exhibition are very good. 
But I think you could also have convex and concave mirrors. About electricity, I have some things like 
them at school, similar to what I saw here. I think you can make other exhibits about. Electricity. 
 
(2) Nail Chair, I also do not Solar Wind Effects and  also A Model Of Sun And Planets in Comet 
Exhibition; They are difficult for kids to understand. 
 
(3) I think Slide Show is nice (Journey Through Space).It is easy to understand. But about Starry Sky, you 
should arrange it for different age groups. The kids can not understand some things. 
 
(4) I think you can use simulator for simulation journey to space, so that the kids feel they are in space. It 
is also better to use a bigger place. 
 

(5) It is nice and also educational. Kids like it. 
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No. 8   Teacher:  H                   School:   19                         Date:03/06/2004         (morning) 
 
 
*age grade : 5 
 
(1) Electricity. Because I think the children do not need to read so much for understanding .They can try 
and think about them, and about what happen. For instance, the difference in intensity of light (in some 
exhibits).I like this kind of exhibits (Electricity), because kids think about them, try them and think again 
about what happen. Electrical Exhibits are easy to understand. In other exhibits, you have to read before 
doing them, and sometimes you do not understand what happen after doing them. I also like the 
Mathematical Puzzles. Mirrors are also good. Children like them very much, although it is difficult for 
kids and also for me to understand them, but we had fun with them. 
  
(2) I think some Mathematical Puzzles are difficult. 
  
(3) Of course kids like power point presentation. I noticed they spoke each other during the show. They 
were very curious about it. It was good, not so difficult for kids to understand. I think they understood 
many things. The time of Slide Show was also ok (not so long). 
But about Starry Sky, the kids like it. They wanted to listen and learn more. Time was ok. Repeating the 
name of constellations at the end of show and the way director (operator) was talking to the kids (starting 
with big dipper) was very good. The number of constellations was also ok. They could remember the 
names of the constellations which they had forgotten. It was also good for my lecture. If I talk about 
constellations in class, they can remember some of them .I can not have planetarium show in class, and it 
is very useful for them to be familiar with Starry Sky and constellations. 
 
(4) Mirrors are very funny. Images mixer (Zebra Mirror) is funny, but kids do not learn much. Curve 
Mirrors and Reflector Mirror are also good. They are good for discussion in class. Kids have to think 
about them. I will discuss with kids about them in class. 
 
(5) I think all the exhibitions and planetarium program are good. The exhibits are so small and kids are not 
patient enough to read instructions.  
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Table A4 - General Observations, Falun Science Center 

School (Group):  (1)                                                                  Date:  26/ 04/ 04 (morning) 
Grade 5: (20 students) 
 
Today, the first group of children school visited Falun Science Center. After 5 minutes (for giving 
instructions about visiting the Science Center), they started their visit. In the instructions, the guides 
(Per Broman and two research students who have done this research) introduced themselves, 
different exhibitions, Knowledge Maze and planetarium program as well as the time schedule of 
visit. 
The visitors were also mentioned that there were some students in the classrooms and that they would 
be appreciated if they would not be noisy during the visit. 
For this group, the time of visit was 1.5 hours. After that, they watched Slide Show and Starry Sky 
for the rest of visit time (half an hour) and then left the Science Center. They could visit knowledge 
maze at the beginning or end of their visit. 
This group showed a special interest in Mirror Exhibition, especially the Images Mixer. They also 
were interest in Flat Mirror, Corner Reflector Mirror and Chess Mirror. The other exhibits had also 
some visitors. The visitors tried to read the labels and followed the instructions. After Mirrors, 
Mathematical Puzzles and Electricity were attractive for them. After half an hour they became tired 
and rest for a while on sofa, but they started again and continued their visit. It seems 1.5 hours is too 
long for a continuous visit to the exhibitions. 
School (Group):      (2)                                              Date:   03/ 05/ 04  (morning) 
Grade 5,6: (21 student) 
 
This group indicated a high interest in  the Mirror  Exhibitions and Mathematical Puzzles. They were 
also interested in Electricity and Traffic  Exhibitions. Among the Mirror Exhibits, the Images Mixer 
was very amusing for them. They spent much time for plying with that and had lot of fun. They also 
enjoyed interacting with other exhibits especially Corner Reflector Mirror, Chess Mirror and Flat 
Mirror. The Comet Exhibition had the lowest visitors.  
School (Group):      (3)                                                                Date:  05/ 05/ 04 (morning)  
Grade: 5  Number:32  
  
They mostly were not interested in reading labels, texts and also Comet Exhibitions.  
They were interested in hands-on exhibits. They also showed interest in Mathematics Exhibits. 
It seems they did not have enough prior experience for visiting exhibition and didn’t know how to 
interact with the exhibits. 
 
Today researchers changed the schedule time of visit as follows: 

1) Introducing the Science Center and giving the instructions(5 minutes) 
2) Visiting the exhibit ions (one hour)  
3) Planetarium show (30 minutes) 
4) Visiting the exhibit ions again and also visiting Knowledge Maze. 
 

The results were very good. One hour was enough for visit and children could return to visit the 
exhibits again if they liked. 
Today, there was a mistake for giving coffee to the kids and their teacher request to stop it. But the 
researchers think it was a good idea if kids could have coffee during their visit. 
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School (Group):    (4)                             Date:  04/ 05 04 (morning)    
Grade 4,5,6: (6 girls and 11 boys) 
 
A very clever group! They were very interested in the exhibits and tried to have experience with all 
of them. One of the boys tried Zebra Mirror (Images Mixer) 4 times during visit time. He also invited 
his other classmates to mix the image of his face with the images of their faces. 
One of the other interesting things was interacting with Chess Mirror. It was occupied by the visitors, 
almost all the time. Four couple s of kids (boys and girls) played chess and some of the other kids sat 
and watched their playing .One of the boys said: “Chess Mirror is really excellent. I like this very 
much.”  
School (Group):    (5)                                                               Date:  04/ 05/ 04   (afternoon) 
Grade 8: (7 girls and 7 boys)  
 
This group was very noisy. They were not interested in interacting with exhibit ions in an appropriate 
way. They were older than the group came this morning but not clever than them! 
They were not so interested in the exhibits and planetarium show. 
School (Group):    (6)                                                                 Date:  29/ 04/ 04   (morning) 
Grade 7: (22 students) 
 
This group did not show a high interest in the exhibitions. Especially, the boys were not so interested 
in interacting with the exhibits. They only had a fast look to the exhibits and passed them quickly. 
One of the boys sat in the corner of the Mirrors room for 15 minutes without paying attention to the 
exhibits. One of the girls sat in front of the Corner Mirror , read the labels and played with that for ten 
minutes.  
In general, it seems the exhibitions were not so interesting for many of them. 
School (Group):    (7)                                                                Date:  12/ 05/ 04   (morning) 
Grade 6: (15 girls and 12 boys) 
 
About half of the kids started their visit from the Mirrors room. Images Mixer, Curve Mirror, Flat 
Mirror, Parallel Mirrors, light Reflector Squares, Kaleidoscope and Periscope were interesting 
exhibits for the visitors respectively. The kids read the labels carefully and tried to follow the 
instructions. But something interesting happened today. One of the kids entered the room and said 
something (in Swedish) to others. Then almost everybody left the room! What happened?! All of 
them went to see and try Nail Chair! 
 
Almost during the whole time of visit, Images Mixer and Flat Mirror had some visitors. Curve Mirror 
and Parallel Mirrors had also many visitors. There was a girl in this group who interacted with the 
exhibits like a small scientist! She read the labels carefully and followed the instructions step by step. 
She tried all the exhibits carefully and patiently. She was so clever and tried to do the exhibits in 
different ways. But she tried to do the exhibits by herself. During her visit. Their friends invited her 
to share them in doing other exhibits, but she refused and continued her own visit. She did the same 
with almost other exhibits in other exhibitions, especially Mathematical Puzzles.  
 
In general, this group was a very motivated and active group. When the time of visit was finished at 
11, and the teacher called the kids for leaving the science center, they still were busy with exhibits 
(especially Mirrors) and did not like to leave. Their teacher said the guides that the exhibitions and 
also planetarium programs are very fascinating and educational. 
 
This group also was very interested in planetarium programs. They followed Slide Show (Journey 
Through Space) and Starry Sky carefully. It seems they were experienced and had been trained and 
prepared to visit science centers and planetariums. 
Another thing: it is better to put the pieces of light Reflector Mirrors out of their places, for attracting 
more visitors.  
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School (Group):    (8)                                                                 Date:  27/ 04/ 04   (morning) 
Grade 7: (22 students) 
 
Most of the visitors started their visit from Mirrors room. They indicated a moderate interest in 
different exhibits. Images Mixer was still number one. Curve Mirror, Parallel Mirrors and Chess 
Mirror were also interesting for them .Two boys played chess for about 15 minutes. A girl sat in front 
of the Corner Mirror, read the labels and play with the exhibit for 8 minutes. The interest of this 
group to the Mirror exhibits and also to the other exhibitions was less than the younger groups.   
School (Group):    (9)                                                                 Date:  13/ 05/ 04   (morning) 
Grade 4:(8 girls and 6 boys)” 
 
It seems that this group was not so experienced and trained to visit the Science Centers. They did not 
try to have serious experience with the exhibits. Most of the kids only had a look to the different 
exhibits and passed them quickly. This was the first group who showed very little interest (the 
lowest) in Mirrors and also other exhibitions. After 45 minutes, they had not still discovered the 
Images Mixer. Guides tried to show two of them, how to interact with that. Even after that, only 4 
kids tried to do the Images Mixer.  
 
After watching Slide Show (Andromeda Story) and Starry Sky, they had a short discussion with Per 
Broman, about sky and stars. Then they continued their visit until the end of the visit time, but not 
seriously. They nearly could recognize all important constellations in autumn sky. It seems, younger 
kids have more information about Starry Sky than the older ones! and older children start to forget 
the name of constellations, little by little as they become older!    
   
School (Group):  (10)                                                              Date:  11/ 05/ 04 (morn. /after.) 
Grade 6(A):  (33 pupils) (morning) 
 
Today, among the different Mirror Exhibits, visitors showed a high interest in Flat Mirror, light 
Reflector Squares and Kaleidoscope. Light Reflector Squares had more visitors today than the prior 
days. When the square pieces are out of their places, visitors will be encouraged to arranged them and 
think about the different materials on them and to learn something about reflection of light from 
different materials.  
 
At the first 10 minutes, the children visited all the exhibits in the Mirrors room, but not in depth. 
After about 10 minutes, most of them left the room. But after 20 minutes, 10 of the children came 
back to the room and tried all the exhibits for about 10 minutes. They paid more attention to Images 
Mixer and Kaleidoscope this time. 
 
Among the other exhibitions, Mathematical Puzzles were very amusing and interesting for kids. But 
visitors do not interact with Electrical Exhibits in depth. Boys were more interested in trying this 
exhibition (Electricity) than girls were. Traffic Exhibits, especially Reaction, were also attractive for 
kids. 
 
Grade 6(B):  (33 pupils) (afternoon) 
 
In the beginning of visit, 7 students entered the Mirrors  ́ room. They showed high interest in 
Kaleidoscope, Curve Mirror and Corner Mirror than the other Mirror Exhibits. Images Mixer was 
discovered late but it still was number 1. Even at the end of visit, 5 children were still busy with that. 
Flat Mirror was also interesting for the vis itors and some of them were busy with that for a 
considerable time. 
 
Mathematical Puzzles and Traffic were amusing, attractive and interesting for this group and children 
spent much time to visit them. Electricity Exhibition was also interesting for kids. It had some 
visitors for about 30 minutes.  
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School (Group):    (11)                                                           Date:  17/ 05/ 04   (afternoon) 
Grade: 10-12 (disabled - 6 Girls and 8 Boys) 
 
Today, visitors were disabled student. 
As usual, they showed special interest in Mirrors. There are some interesting differences between this 
group and prior groups. The students of this group showed more interest in Perspectives than the 
other groups. Six students of this group could do the exhibit Ring On The Stick. That was very 
interesting, because the students of prior groups were not so successful in doing this exhibit. They 
could concentrate carefully on the exhibits. They were very interested in Perspectives. The Electrical 
Exhibits were also exciting for them. 
The guides, teachers and assistants helped them for interacting with the exhibits. They showed high 
interest in doing the exhibits in spite of the fact that they are disabled. 
 
School (Group):    (12)                                                             Date:  18/ 05/ 04   (afternoon) 
Grade 8: (14Girls and 10 Boys) 
 
At the beginning of visit, 17 of kids entered the Mirrors room and after less than 5 minutes, only 4 of 
the stayed in the room, looking at different exhibits, but not accurately. 
But during this time, two girls, read the labels and tried to follow the instructions. 
kids showed much interest in Images Mirror, Parallel Mirrors, and Curve Mirror than the other 
exhibits. Periscope had more visitors in comparison with prior days, after changing the direction of 
its upper section. Image Mixer was still the number one. 
Although, this group did not show a high interest in the exhibitions and after 45 minutes sat on the 
sofa!  , they read the labels more than prior groups, especially the labels of Flat Mirror, Parallel 
Mirror and Corner Mirror. 
 
They were not interested in drawing their face on Flat Mirror, but tried to read the labels and changed 
the transparent texts. They were also interested in Mathematical Puzzles. 
They did not show high interest in Slide Show (Journey Through Space).  But they were familiar 
with most of the famous constellations (except summer triangle and andromeda).  
 
School (Group):    (13)                                                               Date:  25/ 05/ 04   (morning) 
Grade 5: (15 students) 
 
Although girls indicated more interest than boys did, but in general, this group were not so interested 
in the exhibitions and also planetarium programs.   
Most of the visitors, only had a look to different exhibits and passed them quickly 
School (Group):    (14)                                                              Date:  24/ 05/ 04   (morning) 
Grade 4-6:  (10 Girls and 11Boys) 
 
Mirror Exhibits had fewer visitors today than the prior days. Some of the kids interacted with images 
mixer several times. They invited other visitors to come and try it. Two of the kids tried Up-Down 
Mirror and also invited others to come and visit. 
 
The visitors also showed interest in Flat Mirror. Kaleidoscope, Curve mirror and Parallel Mirrors 
(look into infinity).There was something interesting today; the number of the kids who visited 
periscope was more than the ones who visited the Images Mixer. 
 
Today, visitors, especially girls , were very interested in Electricity Exhibition. But in prior groups, 
boys showed more interest than girls to Electricity. Mathematical Exhibits and also Traffic had many 
visitors today. 
The Side Show for this group was Andromeda Story. Children were not so familiar with the 
constellations in autumn sky.   
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School (Group):    (15)                                                              Date:  18/ 05/ 04   (morning) 
Grade 4:  (14 Girls and  8 Boys) 
 
Today, Electricity Exhibition had more visitor than Mirrors Exhibition.  
Among the Mirror Exhibits, Kaleidoscope, Reflector Mirror, Flat Mirror and Curve Mirror were the 
most interesting exhibits for the visitors at their first look. Images Mixer was discovered by girls in 5 
minutes and as usual, they had fun with that. 
 
In this group, almost boys and girls visited the exhibits separately (boys together and girls together). 
The direction of periscope had been changed so that the visitors could see an image which located 
behind them and higher than their viewpoints. This strategy increased the number of visitors to 
Periscope considerably. It seems that this group was not so experienced in visiting science centers. 
They were calm and not so motivated. 
 
Perspective Exhibits, had not many visitors today, but Mathematical Puzzles, as usual, were welcome 
by the kids. After half an hour from the beginning of visit, the visitors came back again to the 
Mirrors  ́ room. 3 boys and 4 girls with their teacher were interacting with the exhibits, more 
accurately than they did at the first of their visit. 
Generally , girls indicated more interest than boys in Mirror Exhibits. Images Mixer, Flat Mirror and 
Curve Mirror had visitors until the end of visit time. 
School (Group):    (16)                                                            Date:  24/ 05/ 04   (afternoon) 
Grade 4-6:  (12Girls and 12 boys) 
 
16 of the kids started their visit from Mirrors´ room. After 5 minutes, five of them left the room and 
after about 15 minutes, all kids left the room. During this time, they tried all the exhibits, but they 
indicated more interest in Images Mixer, Curve Mirror, Parallel Mirror and light Reflector Squares, 
than the other Mirror Exhibits. 
 
After 25 minutes (from the beginning of visit), 7 of kids returned to the Mirrors´ room again. Two of 
them played chess (Chess Mirror) for about 15 minutes as well as tried Curve Mirror and Up-Down 
Mirror. Two girls made a beautiful shape with light Reflector Squares. 
 
In this group, girls were very more interested in Electricity Exhibition than boys were, but 
Perspectives were more interesting for boys than girls. Both boys and girls indicated special interest 
in Mathematical Puzzles, and this exhibition had visitors almost during the entire time of visit. 
 
They were also interested in Traffic Exhibits. Comets had also some visitors. Two girls had a look to 
some of the texts and tried some of the Comet Exhibits. 
In the general, the children in this group visited all the exhibits, but not in depth and accurately. 
 
School (Group):    (17)                           Date:  26/ 05/ 04   (morning) 
 
Grade4:(8 Girls and 7 Boys) 
At the beginning of visit , all students went to the Mirrors  ́room. Mirror Exhibits were very exciting 
for them. They were interacting with all the exhibits but the Images Mixer and Flat Mirror were more 
interesting for them than the other exhibits. The children also showed higher interest in light 
Reflector Squares than the other school groups.  After 13 minutes, 10 of the children left the room to 
visit other exhibitions in the corridor. 
 
Traffic and Electricity were the second and the third exhibitions that visitors showed a high interest 
in them respectively. The kids had lot of fun and showed high interest in Falun Science Center and 
planetarium programs. 
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School (Group):    (18)                                              Date:  27/ 05/ 04   (afternoon) 
 Grade 7: (12 Girls and 8 Boys) 
 
15 of the kids started their visits from Mirrors´ room. They tried Flat Mirror, Kaleidoscope, Chess 
Mirror and Corner Mirror, earlier than they did other exhibits. They discovered Images Mixer later 
than the other groups did. Two girls tried that, but they did not read the labels and could not find how 
to play with that. After 8 minutes, all visitors left the room. But after 15 minutes, 6 girls came back to 
the room and started to play with Flat Mirror, Curve Mirror, Corner Mirror and Parallel Mirrors (look 
into infinity).No visitor played all the Mirror Exhibits completely. Generally, each visitor played two 
exhibits seriously and played the other exhibits in her/his next return to the room. Traffic, Electricity, 
Perspectives and Comets were also interesting for the visitors respectively. 
 
As usual, Ring On The Stick and Gravity Cone (as very popular exhibits) had lot of visitors. During 
the visit, six boys and girls played Chess (Chess Mirror), for about 10 minutes and during their play, 
some other kids stood and looked at what they did.  
Almost, all visitors tried Images Mixer and had lot of fun. Flat Mirror, also had many visitors who 
tried to draw their faces on the mirror. It was funny for them. 
 
But today, for the first time, Journey Through Space was shown for kids in grade 5 (instead of 
Andromeda story). Professor Lars Broman (The Supervisor), recommended it for finding a 
correlation between, the interest of kids in fiction and scientific facts. In Starry Sky, kids knew name 
of Big Dipper and Polaris, but they were not so familiar with other constellations in autumn sky. 
School(Group):    (19)                                                                Date:  03/ 06/ 04   (morning) 
Grade 5:  (7 girls  and 15 boys) 
 
15 of kids entered the room at the beginning of visit. But after 5 minutes, all of them left the room. 
They did not visit the exhibits in deep. Perspectives and Traffic had many visitors and after these 
exhibit ions, Electricity was attractive for kids. 
After 15 minutes, almost all girls returned to the Mirrors room. Images Mixer and Curve Mirror were 
very attractive for them. They were also interested in Kaleidoscope and Parallel Mirror.  
Among the Traffic Exhibits, reaction was the most successful exhibit. 
School(Group):    (20)                                                               Date:  27/ 05/ 04   (morning) 
Grade 7:  (11 Girls and 13 Boys) 
 
At the first of visit, most of the children entered the Mirrors  ́room, but after a short time, only ten 
girls stayed at the room. Among the different exhibits in Mirrors  ́room, Images Mixer, Periscope and 
Curve Mirror were more interesting for girls than boys. They read some labels and tried to follow the 
instructions. After 10 minutes, boys entered the room.  
Image Mixer was also number one for boys. They showed a special interest in Chess Mirror and 
Corner Mirror. Two boys were busy with Chess Mirror and played chess for about half an hour. They 
even came back after planetarium program and continued to play chess! 
 
Today, like the other days, Electrical Exhibits and Mathematical Puzzles attracted many visitors. 
Two of boys were interacting with Electrical Exhibits accurately. They read and followed the 
instructions. In general, boys were more interested in Mathematical Exhibits than girls. 
 
After planetarium program, some of the children went to visit Knowledge Maze and the others 
continued their visit to the exhibitions. Two of the girls played with Image Mixer for the third time. 
They invited other children to come and try the exhibit. One of the boys was busy by drawing his 
face on the Flat Mirror and another was playing with Kaleidoscope. Images Mixer, Flat Mirror and 
Reflector Mirror had visitors until the last seconds of visit. Also two of girls were interacting with 
Corner Mirror. They were discussing about that and tried to follow the instructions on the labels. 
After planetarium program, Perspective Exhibition, Traffic and Mathematical Puzzles were still 
attractive for children. 
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School(Group):    (21)                                                               Date:  01/ 06/ 04   (morning) 
Grade 5: (All visitors are Boys) 
 
They didn’t show a high interest in the exhibits. They didn’t play so much with Mathematical 
Puzzles, Mathematics and Comets. The most interesting exhibits for them were Images Mixer and 
also reaction.  
6 boys were around Images Mixer for ten minutes and had lot of fun. They also invited others and 
their teacher for joining them. Some boys tried Images Mixer several times. They didn’t show much 
interest in Flat Mirror. 
2-3 boys tried Curve Mirror carefully. One of them tried to play with animals in Corner Mirror. No 
body tried to arrange the high Reflecting Squares completely. 
 
One of the boys called the guides and showed Up-Down Mirror. He was happy with that. Kids used a 
chair for going up and having a look to the upper mirror of Periscope. Two of the boys sat and played 
chess for 10 minutes. The Parallel Mirrors had also some visitors.  
 
School(Group):    (22)                                                            Date:  28/ 04/ 04   (afternoon) 
Grade 6:  (22students) 
 
As usual, most of the kids went to the Mirrors  ́room at the first of visit. Both girls and boys tried all 
the exhibits. They read labels and followed the instructions during the interacting with the exhibits. 
Images Mixer and Flat Mirror were very interesting for them. They spent much time for visiting the 
exhibits and returned several times to the Mirrors  ́ room for interacting with Mirror Exhibits 
(especially Images Mixer). They also showed a high interest in the other exhibits especially in 
Mathematical Puzzles and Electricity. Comets and Mathematics in The World were not exciting for 
them. They were also interested in planetarium program and Knowledge Maze.   
 

School(Group):   -                                                                     Date:  06/ 05/ 04   (morning) 
Grade 4:   (19 Students) 
 
10 of the children went to the Mirror  ́room at the first of vis it. This group was the first group in 
which kids showed a special interest in Curve Mirror and Up-Down Mirror. They were also 
interested in Chess Mirror as well as Flat Mirror and played with them for couple of minutes. Today, 
the place of Images Mixer had been changed from the entrance to the end of the room. That was why 
the kids discovered it later today (after about 20 minutes). But after that, as usual, they had lot of fun. 
The kids also discovered Parallel Mirror late (after 20 minutes) by a girl and she played with that for 
one minute. The place of this exhibit also had been changed today. But it seems, changing the place 
of this exhibit from the end of room, to the middle of other exhibits, has increased its visitors. Kids 
needed guidance for being familiar and playing with Kaleidoscope.  
  
When the kids entered the Mirrors  ́room for the second time (there was no visitor in the room for 15 
minutes), they played seriously with Images Mixer, Flat Mirror, Kaleidoscope and Parallel Mirrors, 
respectively. 
But about other exhibitions, Mathematical Puzzles and Electricity were attractive for kids. They also 
liked Reaction in Traffic Exhibition. It is interactive and kids can measure their reaction speed and it 
is very interesting for them. 
This group, like other groups, didn’t show much interest in Comet. No body was seen to read the 
texts of the Comet which are totally in English. Only the exhibits Solar Wind Effect,, Comet Quiz 
and Make Your Own Craters had a few visitors (3 or4) because they were a little interactive. 
Electricity was more interesting for boys than girls, because the number of boys who tried to do the 
exhibits again, was more than girls. Mathematical Exhibits were interesting both for boys and girls. 
They enjoyed solving the puzzles and becoming satisfied with their intelligence! 
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Mirrors Grade Given by Boys for Different Age Groups 

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Age Group 4 1 7 14 7 2 31 1,93 ± 0,3 
Age Group 5 4 20 26 9 1 60 1,68 ± 0,22 
Age Group 6 2 9 14 16 1 42 2,07 ± 0,29 
Age Group 7 1 8 6 5 1 21 1,75 ± 0,42 
Age Group 8 0 5 9 3 0 17 1,88 ± 0,35 
disabled 10-12 0 1 2 3 0 7 2 ± 0,67 
All Boys 8 50 73 43 5 179 1,87 ± 0,13 

 

Mirrors Grade Given by Girls for Different Age Groups 

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Age Group 4 0 3 16 6 3 28 2,12 ± 0,24 
Age Group 5 1 12 30 22 4 69 2,12 ± 0,19 
Age Group 6 2 15 14 18 0 49 1,98 ± 0,27 
Age Group 7 0 4 3 11 1 19 2,39 ± 0,41 
Age Group 8 0 10 7 3 0 20 1,65 ± 0,34 
disabled 10-12 0 2 2 0 1 5 1,5 ± 0,67 
All Girls 3 46 72 60 9 190 2,04 ± 0,12 

 

Mirrors Average Grade 

 boys girls All Visitors 
Age Group 4 1,93 ± 0,3 2,12 ± 0,24 2,04 
Age Group 5 1,68 ± 0,22 2,12 ± 0,19 1,88 
Age Group 6 2,07 ± 0,29 1,98 ± 0,27 2,05 
Age Group 7 1,75 ± 0,42 2,39 ± 0,41 2,04 
Age Group 8 1,88 ± 0,35 1,65 ± 0,34 1,76 

disabled 10-12 2 ± 0,67 1,5 ± 0,67 2 
Total(All Groups) 1,87 ± 0,13 2,04 ± 0,12 1,97 
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 Figure B1 - Mirrors Grade for Different Age Groups 
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Mirrors Difficulty Level for Boys in Different Age Groups 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Age Group 4 10 17 0 4 31 1,63 ± 0,19 
Age Group 5 14 37 1 8 60 1,75 ± 0,13 
Age Group 6 4 34 0 4 42 1,89 ± 0,1 
Age Group 7 7 13 0 1 21 1,65 ± 0,22 
Age Group 8  4 13 0 0 17 1,76 ± 0,22 
disabled 10-12 1 6 0 0 7 1,86 ± 0,31 
All Boys 41 120 1 17 179 1,75 ± 0,07 

 

Mirrors Difficulty Level for Girls in Different Age Groups 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Age Group 4 6 20 0 2 28 1,77 ± 0,17 
Age Group 5 13 48 2 6 69 1,83 ± 0,12 
Age Group 6 8 41 0 0 49 1,84 ± 0,11 
Age Group 7 2 16 0 1 19 1,89 ± 0,16 
Age Group 8 1 15 0 4 20 1,94 ± 0,13 
disabled 10-12 0 4 0 1 5 2 ± 0 
All Girls 30 144 2 14 190 1,84 ± 0,06 

 

Mirrors Average Difficulty Level  

  boys girls All Visitors 
Age Group 4 1,63 ± 0,19 1,77 ± 0,17 1,7 
Age Group 5 1,75 ± 0,13 1,83 ± 0,12 1,79 
Age Group 6 1,89 ± 0,1 1,84 ± 0,11 1,82 
Age Group 7 1,65 ± 0,22 1,89 ± 0,16 1,72 
Age Group 8 1,76 ± 0,22 1,94 ± 0,13 1,85 
disabled 10-12 1,86 ± 0,31 2 ± 0 1,85 
Total(All Groups) 1,75 ± 0,07 1,84 ± 0,06 1,78 
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Grade of  Mirrors  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 7 36 55 32 4 134 1,86 ± 0,15 
Jounior high schools 1 13 15 8 1 38 1,81 ± 0,27 
Total 8 49 70 40 5 172 1,85 ± 0,13 

 

Grade of  Mirrors Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 3 30 60 46 7 146 2,07 ± 0,14 
Jounior high schools 0 14 10 14 1 39 2 ± 0,29 
Total 3 44 70 60 8 185 2,06 ± 0,12 

 

Average Grade of  Mirrors 

  Boys Girls All (Boys  & Girls & Anonymous) 
Middle schoools (age groups 4 , 5 & 6) 1,86 ± 0,15 2,07 ± 0,14 1,97 
Junior high schools (age groups  7& 8) 1,81 ± 0,27 2 ± 0,29 1,92 
Total ( age groups  4, 5 , 6 , 7 & 8 ) 1,85 ± 0,13 2,06 ± 0,12 1,96 
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Difficulty Level of  Mirrors  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 29 28 1 16 134 0,75 ± 0,12 
Junior high Schools 11 26 0 1 38 1,7 ± 0,15 
Total 40 54 1 17 172 0,97 ± 0,1 

 

Difficulty Level  of  Mirrors  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 27 109 2 8 146 1,82 ± 0,07 
Junior high schools 3 31 0 5 39 1,91 ± 0,1 
Total 30 140 2 13 185 1,84 ± 0,06 

 

Average Difficulty Level of  Mirrors 

  Boys Girls All (Boys&Girls&Anonymous) 
Middle Schools (age groups 4, 5 & 6) 0,75 ± 0,12 1,82 ± 0,07 1,78 
Junior high schools (age groups 7 & 8) 1,7 ± 0,15 1,91 ± 0,1 1,77 
Total (age groups  4, 5, 6, 7 & 8) 0,97 ± 0,1 1,84 ± 0,06 1,78 
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Grade of  Electricity  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 9 36 40 38 11 134 1,87 ± 0,17 
Jounior high schools 5 17 13 1 2 38 1,28 ± 0,25 
Total 14 53 53 39 13 172 1,74 ± 0,15 

 

Grade of  Electricity Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 8 36 56 33 13 146 1,86 ± 0,15 
Jounior high schools 4 11 19 5 0 39 1,64 ± 0,27 
Total 12 47 75 38 13 185 1,8 ± 0,13 

 

Average Grade of  Electricity 

  Boys Girls All (Boys&Girls&Anonymous) 
Middle schoools (age groups 4, 5 & 6) 1,87 ± 0,17 1,86 ± 0,15 1,86 
Junior high schools (age groups  7 & 8) 1,28 ± 0,25 1,64 ± 0,27 1,48 
Total (age groups  4, 5, 6, 7 & 8) 1,74 ± 0,15 1,8 ± 0,13 1,77 
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Difficulty Level of  Electricity  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors(Boys) 

Average Grade 

Middle Schools 31 82 2 19 134 1,75 ± 0,09 
Junior high Schools 10 25 1 2 38 1,75 ± 0,17 
Total 41 107 3 21 172 1,75 ± 0,08 

 

Difficulty Level  of  Electricity  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors(Girls) 

Average Grade 

Middle Schools 28 105 5 8 146 1,83 ± 0,08 
Junior high schools 8 27 0 4 39 1,77 ± 0,15 
Total 36 132 5 12 185 1,82 ± 0,07 

 

Average Difficulty Level of  Electricity 

  Boys Girls 
All 

(Boys&Girls&Anonymous) 
Middle Schools (age groups 4, 5 & 6) 1,75 ± 0,09 1,83 ± 0,08 1,79 
Junior high schools (age groups 7 & 8) 1,75 ± 0,17 1,77 ± 0,15 1,74 
Total (age groups  4, 5, 6, 7 & 8) 1,75 ± 0,08 1,82 ± 0,07 1,78 
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Grade of  Traffic  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 25 43 34 22 10 134 1,43 ± 0,18 
Jounior high schools 6 14 13 1 4 38 1,26 ± 0,28 
Total 31 57 47 23 14 172 1,39 ± 0,15 

 

Grade of  Traffic  Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 18 42 43 20 23 146 1,53 ± 0,17 
Jounior high schools 4 13 16 4 2 39 1,54 ± 0,28 
Total 22 55 59 24 25 185 1,53 ± 0,14 

 

Average Grade of  Traffic 

  Boys Girls 
All 

(Boys&Girls&Anonymous) 
Middle schoools (age groups 4, 5 & 6) 1,43 ± 0,18 1,53 ± 0,17 1,49 
Junior high schools (age groups 7 & 8) 1,26 ± 0,28 1,54 ± 0,28 1,36 
Total ( age groups  4 , 5 , 6 , 7 & 8 ) 1,39 ± 0,15 1,53 ± 0,14 1,46 
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Difficulty Level of  Traffic  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 26 79 9 20 134 1,85 ± 0,1 
Junior high Schools 9 24 1 4 38 1,76 ± 0,17 
Total 35 103 10 24 172 1,83 ± 0,09 

 

Difficulty Level  of  Traffic  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 21 91 15 19 146 1,95 ± 0,09 
Junior high schools 6 23 1 9 39 1,83 ± 0,17 
Total 27 114 16 28 185 1,93 ± 0,08 

 

Average Difficulty Level of  Traffic 

  Boys Girls 
All                              

(Boys  & Girls & Anonymous) 
Middle Schools (age groups 4, 5 & 6) 1,85 ± 0,1 1,95 ± 0,09 1,9 
Junior high schools (age groups 7& 8) 1,76 ± 0,17 1,83 ± 0,17 1,8 
Total (age groups  4, 5, 6, 7 & 8) 1,83 ± 0,09 1,93 ± 0,08 1,87 
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Grade of  Mathematical Puzzles  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 22 56 26 11 19 134 1,23 ± 0,16 
Jounior high schools 11 14 5 5 3 38 1,11 ± 0,35 
Total 33 70 31 16 22 172 1,2 ± 0,15 

 

Grade of  Mathematical Puzzles  Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 16 54 40 19 17 146 1,48 ± 0,15 
Jounior high schools 6 12 13 2 6 39 1,33 ± 0,3 
Total 22 66 53 21 23 185 1,45 ± 0,14 

 

Average Grade of  Mathematical Puzzles 

  Boys Girls 
All 

 (Boys  & Girls& Anonymous) 
Middle schoools (age groups 4, 5 & 6) 1,23 ± 0,16 1,48 ± 0,15 1,34 
Junior high schools (age groups 7 & 8) 1,11 ± 0,35 1,33 ± 0,3 1,27 
Total ( age groups  4 , 5 , 6 , 7 & 8 ) 1,2 ± 0,15 1,45 ± 0,14 1,32 
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Figure B9 - Grade of Mathematical Puzzles 
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Difficulty Level of  Mathematical Puzzles  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 17 70 19 28 134 2,02 ± 0,11 
Junior high Schools 9 20 6 3 38 1,91 ± 0,23 
Total 26 90 25 31 172 1,99 ± 0,1 

 

Difficulty Level  of  Mathematical Puzzles  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 14 101 13 18 146 1,99 ± 0,08 
Junior high schools 1 22 5 11 39 2,14 ± 0,17 
Total 15 123 18 29 185 2,02 ± 0,07 

 

Average Difficulty Level of  Mathematical Puzzles 

  Boys Girls 
All  

(Boys& Girls& Anonymous) 
Middle Schools (age groups 4,5 & 6) 2,02 ± 0,11 1,99 ± 0,08 2 
Junior high schools (age groups 7& 8) 1,91 ± 0,23 2,14 ± 0,17 2,05 
Total (age groups  4 , 5 , 6 , 7 & 8 ) 1,99 ± 0,1 2,02 ± 0,07 2,01 
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Figure B10 -Difficulty Level of Mathematical Puzzles 
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Grade of  Comets  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 39 31 26 18 20 134 1,2 ± 0,2 
Jounior high schools 10 14 8 1 5 38 1 ± 0,29 
Total 49 45 34 19 25 172 1,16 ± 0,17 

 

Grade of  Comets  Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 38 52 23 14 19 146 1,1 ± 0,17 
Jounior high schools 7 20 6 0 6 39 0,97 ± 0,23 
Total 45 72 29 14 25 185 1,08 ± 0,14 

 

Average Grade of  Comets 

  Boys Girls 
All 

(Boys& Girls& Anonymous) 
Middle schoools (age groups 4, 5 & 6) 1,2 ± 0,2 1,1 ± 0,17 1,12 
Junior high schools (age groups 7& 8) 1 ± 0,29 0,97 ± 0,23 0,95 
Total (age groups  4, 5, 6, 7& 8) 1,16 ± 0,17 1,08 ± 0,14 1,08 
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Figure  B11 - Grade of Comets 
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Difficulty Level of  Comets  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 36 71 5 22 134 1,72 ± 0,1 
Junior high Schools 14 17 3 4 38 1,68 ± 0,22 
Total 50 88 8 26 172 1,71 ± 0,09 

 

Difficulty Level  of  Comets  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 42 80 10 14 146 1,76 ± 0,1 
Junior high schools 13 14 3 9 39 1,67 ± 0,25 
Total 55 94 13 23 185 1,74 ± 0,09 

 

Average Difficulty Level of  Comets 

  Boys Girls 
All  

(Boys  & Girls & Anonymous) 
Middle Schools (age groups 4, 5 & 6) 1,72 ± 0,1 1,76 ± 0,1 1,73 

Junior high schools (age groups 7& 8) 
1,68 ± 
0,22 1,67 ± 0,25 1,65 

Total (age groups  4, 5, 6, 7& 8) 
1,71 ± 
0,09 1,74 ± 0,09 1,71 
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Figure B12 - Difficulty Level of Comets 
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Grade of  Perspective Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 23 65 27 6 13 134 1,13 ± 0,14 
Jounior high schools 8 21 6 0 3 38 0,94 ± 0,22 
Total 31 86 33 6 16 172 1,09 ± 0,12 

 

Grade of  Perspective  Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 23 64 32 2 25 146 1,11 ± 0,13 
Jounior high schools 2 31 5 0 1 39 1,08 ± 0,14 
Total 25 95 37 2 26 185 1,1 ± 0,1 

 

Average Grade of  Perspective 

  Boys Girls 
All  

(Boys  & Girls & Anonymous) 
Middle schoools (age groups 4, 5 & 6) 1,13 ± 0,14 1,11 ± 0,13 1,1 
Junior high schools (age groups 7& 8) 0,94 ± 0,22 1,08 ± 0,14 0,98 
Total (age groups 4, 5, 6, 7& 8) 1,09 ± 0,12 1,1 ± 0,1 1,07 

 

 Average Grade of  Perspective

0

0,5

1

1,5

2

2,5

3

Middle Schools Junior High Schools Total

G
ra

de

Boys Girls All

 
 
 
 
 
 

Figure B13 - Grade of  Perspective 
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Difficulty Level of  Perspective  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 27 80 4 23 134 1,79 ± 0,09 
Junior high Schools 14 21 0 3 38 1,6 ± 0,17 
Total 41 101 4 26 172 1,75 ± 0,08 

 

Difficulty Level  of  Perspective  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 43 75 1 27 146 1,65 ± 0,09 
Junior high schools 8 25 1 5 39 1,79 ± 0,17 
Total 51 100 2 32 185 1,68 ± 0,08 

 

Average Difficulty Level of  Perspective 

  Boys Girls 
All 

(Boys  & Girls & Anonymous) 
Middle Schools (age groups 4, 5 & 6) 1,79 ± 0,09 1,65 ± 0,09 1,7 
Junior high schools (age groups 7& 8) 1,6 ± 0,17 1,79 ± 0,17 1,66 
Total (age groups  4, 5, 6, 7 & 8) 1,75 ± 0,08 1,68 ± 0,08 1,69 
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Figure B14 - Difficulty Level of Perspective 
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Grade of  Math in the World  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 34 44 17 5 34 134 0,93 ± 0,17 
Jounior high schools 11 16 6 1 4 38 0,91 ± 0,28 
Total 45 60 23 6 38 172 0,93 ± 0,14 

 

Grade of  Math in the World  Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 28 51 22 4 41 146 1,02 ± 0,16 
Jounior high schools 12 10 2 1 14 39 0,68 ± 0,33 
Total 40 61 24 5 55 185 0,95 ± 0,14 

 

Average Grade of  Math in the World 

  Boys Girls 
All 

 (Boys  & Girls & Anonymous) 
Middle schoools (age groups 4, 5 & 6) 0,93 ± 0,17 1,02 ± 0,16 0,96 
Junior high schools (age groups 7& 8) 0,91 ± 0,28 0,68 ± 0,33 0,8 
Total ( age groups  4 , 5, 6, 7 & 8) 0,93 ± 0,14 0,95 ± 0,14 0,92 
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Figure B15 -Grade of Math in the World 
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Difficulty Level of  Math in the World  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 21 61 14 38 134 1,93 ± 0,12 
Junior high Schools 7 21 6 4 38 1,97 ± 0,22 
Total 28 82 20 42 172 1,94 ± 0,11 

 

Difficulty Level  of  Math in the World  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 14 68 21 43 146 2,07 ± 0,12 
Junior high schools 1 17 3 18 39 2,1 ± 0,2 
Total 15 85 24 61 185 2,07 ± 0,1 

 

Average Difficulty Level of  Math in the World 

  Boys Girls 
All 

(Boys  & Girls & Anonymous ) 
Middle Schools (age groups 4, 5 & 6) 1,93 ± 0,12 2,07 ± 0,12 2 
Junior high schools (age groups 7& 8) 1,97 ± 0,22 2,1 ± 0,2 2,01 
Total (age groups  4, 5, 6, 7& 8) 1,94 ± 0,11 2,07 ± 0,1 2 
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Figure B16 - Difficulty Level of Math in the World 
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Grade of Different Exhibitions  Given by Boys in Middle Schools 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 7 36 55 32 4 134 1,86 ± 0,15 
Electricity 9 36 40 38 11 134 1,87 ± 0,17 
Traffic 25 43 34 22 10 134 1,43 ± 0,18 
Math. Puzzles 22 56 26 11 19 134 1,23 ± 0,16 
Comets 39 31 26 18 20 134 1,2 ± 0,2 
Perspectives 23 65 27 6 13 134 1,13 ± 0,14 
Math. In the World 34 44 17 5 34 134 0,93 ± 0,17 

 

Grade of Different Exhibitions Given by Girls in Middle Schools 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 3 30 60 46 7 146 2,07 ± 0,14 
Electricity 8 36 56 33 13 146 1,86 ± 0,15 
Traffic 18 42 43 20 23 146 1,53 ± 0,17 
Math. Puzzles 16 54 40 19 17 146 1,48 ± 0,16 
Comets 38 52 23 14 19 146 1,1 ± 0,17 
Perspectives 23 64 32 2 25 146 1,11 ± 0,13 
Math. In the World 28 51 22 4 41 146 1,02 ± 0,16 

 

Average Grade of Different Exhibitions by Middle Schools 

Exhibitions boys girls All (Boys&Girls&Anonymous) 

Mirrors 1,86 ± 0,15 2,07 ± 0,14 1,97 
Electricity 1,87 ± 0,17 1,86 ± 0,15 1,86 
Traffic 1,43 ± 0,18 1,53 ± 0,17 1,49 
Math. Puzzles 1,23 ± 0,16 1,48 ± 0,16 1,34 
Comets 1,2 ± 0,2 1,1 ± 0,17 1,12 
Perspectives 1,13 ± 0,14 1,11 ± 0,13 1,1 

Math. In the World 0,93 ± 0,17 1,02 ± 0,16 0,96 
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Figure C1- Grades of Different Exhibitions by Middle Schools 
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Grade of Different Exhibitions Given by Boys of Junior High Schools 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 1 13 15 8 1 38 1,81 ± 0,27 
Electricity 5 17 13 1 2 38 1,28 ± 0,25 
Traffic 6 14 13 1 4 38 1,26 ± 0,28 
Math. Puzzles 11 14 5 5 3 38 1,11 ± 0,35 
Comets 10 14 8 1 5 38 1 ± 0,29 
Perspectives 8 21 6 0 3 38 0,94 ± 0,22 
Math. In the World 11 16 6 1 4 38 0,91 ± 0,28 

 

Grade of Different Exhibitions Given by Girls of Junior High Schools 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 0 14 10 14 1 39 2 ± 0,29 
Electricity 4 11 19 5 0 39 1,64 ± 0,27 
Traffic 4 13 16 4 2 39 1,54 ± 0,28 
Math. Puzzles 6 12 13 2 6 39 1,33 ± 0,3 
Comets 7 20 6 0 6 39 0,97 ± 0,23 
Perspectives 2 31 5 0 1 39 1,08 ± 0,14 
Math. In the World 12 10 2 1 14 39 0,68 ± 0,33 

 

Average Grade of Different Exhibitions by Junior High Schools 

Exhibitions boys girls All (Boys&Girls&Anonymous) 
Mirrors 1,81 ± 0,27 2 ± 0,29 1,92 
Electricity 1,28 ± 0,25 1,64 ± 0,27 1,48 
Traffic 1,26 ± 0,28 1,54 ± 0,28 1,36 
Math. Puzzles 1,11 ± 0,35 1,33 ± 0,3 1,27 
Comets 1 ± 0,29 0,97 ± 0,23 0,95 
Perspectives 0,94 ± 0,22 1,08 ± 0,14 0,98 
Math. In the World 0,91 ± 0,28 0,68 ± 0,33 0,8 
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 Figure C 2 - Grade of Different Exhibitions by Junior High Schools 
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Grade of Different Exhibitions Given by Boys of All Middle & Junior  High Schools 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 8 49 70 40 5 172 1,85 ± 0,13 
Electricity 14 53 53 39 13 172 1,74 ± 0,15 
Traffic 31 57 47 23 14 172 1,39 ± 0,15 
Math. Puzzles 33 70 31 16 22 172 1,2 ± 0,15 
Comets 49 45 34 19 25 172 1,16 ± 0,17 
Perspectives 31 86 33 6 16 172 1,09 ± 0,12 
Math. In the World 45 60 23 6 38 172 0,93 ± 0,14 

 

Grade of Different Exhibitions Given by Girls of all Middle & Junior  High Schools 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 3 44 70 60 8 185 2,06 ± 0,12 
Electricity 12 47 75 38 13 185 1,81 ± 0,13 
Traffic 22 55 59 24 25 185 1,53 ± 0,14 
Math. Puzzles 22 66 53 21 23 185 1,45 ± 0,14 
Comets 45 72 29 14 25 185 1,08 ± 0,14 
Perspectives 25 95 37 2 26 185 1,1 ± 0,1 
Math. In the World 40 61 24 5 55 185 0,95 ± 0,14 

 

Average Grade of Different Exhibitions by all Middle & Junior  High Schools 

Exhibitions boys girls All (Boys&Girls&Anonymous) 
Mirrors 1,85 ± 0,13 2,06 ± 0,12 1,96 
Electricity 1,74 ± 0,15 1,81 ± 0,13 1,77 
Traffic 1,39 ± 0,15 1,53 ± 0,14 1,46 
Math. Puzzles 1,2 ± 0,15 1,45 ± 0,14 1,33 
Comets 1,16 ± 0,17 1,08 ± 0,14 1,08 
Perspectives 1,09 ± 0,12 1,1 ± 0,1 1,07 
Math. In the World 0,93 ± 0,14 0,95 ± 0,14 0,92 
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Figure C3 - Grade of Different Exhibitions by all Middle & 
Junior High Schools 
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Difficulty Level of Different Exhibitions for Boys of Middle Schools 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 29 88 1 16 134 1,76 ± 0,08 
Electricity 31 82 2 19 134 1,75 ± 0,09 
Traffic 26 79 9 20 134 1,85 ± 0,1 
Math. Puzzles 17 70 19 28 134 2,02 ± 0,11 
Comets 36 71 5 22 134 1,72 ± 0,1 
Perspectives 27 80 4 23 134 1,79 ± 0,09 
Math. In the World 21 61 14 38 134 1,93 ± 0,12 

 

Difficulty Level of Different Exhibitions  for Girls of Middle Schools 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 27 109 2 8 146 1,82 ± 0,07 
Electricity 28 105 5 8 146 1,83 ± 0,08 
Traffic 21 91 15 19 146 1,95 ± 0,09 
Math. Puzzles 14 101 13 18 146 1,99 ± 0,08 
Comets 42 80 10 14 146 1,76 ± 0,1 
Perspectives 43 75 1 27 146 1,65 ± 0,09 
Math. In the World 14 68 21 43 146 2,07 ± 0,12 

 

Average Difficulty  Level of Different  Exhibitions for Middle Schools 

Exhibitions boys girls All(Boys & Girls & Anonymous) 
Mirrors 1,76 ± 0,08 1,82 ± 0,07 1,78 
Electricity 1,75 ± 0,09 1,83 ± 0,08 1,79 
Traffic 1,85 ± 0,1 1,95 ± 0,09 1,9 
Math. Puzzles 2,02 ± 0,11 1,99 ± 0,08 2 
Comets 1,72 ± 0,1 1,76 ± 0,1 1,73 
Perspectives 1,79 ± 0,09 1,65 ± 0,09 1,7 
Math. In the World 1,93 ± 0,12 2,07 ± 0,12 2 
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 Figure C4 - Difficulty Level of   Exhibitions for Middle Schools 
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Difficulty Level of Different Exhibitions for Boys of Junior High Schools 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 11 26 0 1 38 1,7 ± 0,15 
Electricity 10 25 1 2 38 1,75 ± 0,17 
Traffic 9 24 1 4 38 1,76 ± 0,17 
Math. Puzzles 9 20 6 3 38 1,91 ± 0,23 
Comets 14 17 3 4 38 1,68 ± 0,22 
Perspectives 14 21 0 3 38 1,6  ± 0,17 
Math. In the World 7 21 6 4 38 1,97 ± 0,22 

 

Difficulty Level of Different Exhibitions  for Girls of Junior High Schools 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 3 31 0 5 39 1,91 ± 0,1 
Electricity 8 27 0 4 39 1,77 ± 0,15 
Traffic 6 23 1 9 39 1,83 ± 0,17 
Math. Puzzles 1 22 5 11 39 2,14 ± 0,17 
Comets 13 14 3 9 39 1,67 ± 0,25 
Perspectives 8 25 1 5 39 1,79 ± 0,17 
Math. In the World 1 17 3 18 39 2,1  ± 0,2 

 

Average Difficulty  Level of Different  Exhibitions for Junior High Schools 

Exhibitions boys girls All(Boys & Girls & Anonymous) 
Mirrors 1,7 ± 0,15 1,91 ± 0,1 1,77 
Electricity 1,75 ± 0,17 1,77 ± 0,15 1,8 
Traffic 1,76 ± 0,17 1,83 ± 0,17 1,8 
Math. Puzzles 1,91 ± 0,23 2,14 ± 0,17 2,05 
Comets 1,68 ± 0,22 1,67 ± 0,25 1,65 
Perspectives 1,6  ± 0,17 1,79 ± 0,17 1,66 
Math. In the World 1,97 ± 0,22 2,1  ± 0,2 2,01 
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 Figure C 5 -Difficulty Level of Different Exhibitions for Junior 

High Schools 
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Difficulty Level of Different Exhibitions for Boys of all Middle & Junior  High Schools 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 40 114 1 17 172 1,75 ± 0,07 
Electricity 41 107 3 21 172 1,75 ± 0,08 
Traffic 35 103 10 24 172 1,83 ± 0,09 
Math. Puzzles 26 90 25 31 172 1,99 ± 0,1 
Comets 50 88 8 26 172 1,71 ± 0,09 
Perspectives 41 101 4 26 172 1,75 ± 0,08 
Math. In the World 28 82 20 42 172 1,94 ± 0,11 

 

Difficulty Level of Different Exhibitions  for Girls of all Middle & Junior  High Schools 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 30 140 2 13 185 1,84 ± 0,06 
Electricity 36 132 5 12 185 1,82 ± 0,07 
Traffic 27 114 16 28 185 1,93 ± 0,08 
Math. Puzzles 15 123 18 29 185 2,02 ± 0,07 
Comets 55 94 13 23 185 1,74 ± 0,09 
Perspectives 51 100 2 32 185 1,68 ± 0,08 
Math. In the World 15 85 24 61 185 2,07 ± 0,1 

 

Average Difficulty  Level of Different  Exhibitions for all Middle & Junior  High Schools 

Exhibitions boys girls All(Boys & Girls & Anonymous) 
Mirrors 1,75 ± 0,07 1,84 ± 0,06 1,78 
Electricity 1,75 ± 0,08 1,82 ± 0,07 1,78 
Traffic 1,83 ± 0,09 1,93 ± 0,08 1,86 
Math. Puzzles 1,99 ± 0,1 2,02 ± 0,07 2,01 
Comets 1,71 ± 0,09 1,74 ± 0,09 1,71 
Perspectives 1,75 ± 0,08 1,68 ± 0,08 1,69 
Math. In the World 1,94 ± 0,11 2,07 ± 0,1 2 
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Figure C6 - Difficulty Level of Exhibitions for all Middle & Junior 
High Schools 
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Grade & Difficulty of Different Exhibitions  for Middle Schools 

Boys Girls 
Exhibitions Average 

Grade 
Average 
Difficulty 

Average 
Grade Average Difficulty 

Mirrors 1,86 0,75 2,07 1,82 
Electricity 1,87 1,75 1,86 1,83 
Traffic 1,43 1,85 1,53 1,95 
Math. Puzzles 1,23 2,02 1,48 1,99 
Comets 1,2 1,72 1,1 1,76 
Perspectives 1,13 1,79 1,11 1,65 
Math. In the World 0,93 1,93 1,02 2,07 
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Correlation Between Grade and Difficulty (Girls)
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 Figure C7-Correlation between Grade and Difficulty for 

Middle Schools 
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Grade & Difficulty of Different Exhibitions  for Junior High Schools 

Boys Girls 
Exhibitions Average 

Grade 
Average 
Difficulty 

Average 
Grade Average Difficulty 

Mirrors 1,81 1,7 2 1,91 
Electricity 1,28 1,75 1,64 1,77 
Traffic 1,26 1,76 1,56 1,83 
Math. Puzzles 1,11 1,91 1,33 2,14 
Comets 1 1,68 0,97 1,67 
Perspectives 0,94 1,6 1,08 1,79 
Math. In the World 0,91 1,97 0,68 2,1 
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Grade and Difficulty for Junior High school (Girls)

0

0,5

1

1,5

2

2,5

Mirrors Electircity Traffic Math Puzzles Comets Perspective Math in the
World

Av
er

ag
e 

G
ra

de
 a

nd
 D

iff
ic

ul
ty

Average Grade Average Difficulty

 
 
 
 
 
 

Figure C8-Correlation between Grade and Difficulty for 
Junior High Schools 
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Grade of Different Exhibitions Given by Disabled Children 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 0 3 7 3 1 14 2 ± 0,41 
Electricity 1 7 3 1 2 14 1,33 ± 0,47 
Traffic 2 6 1 1 4 14 1,1 ± 0,58                                                                 
Math. Puzzles 2 2 2 0 8 14 1 ± 0,8 
Comets 4 0 2 2 6 14 1,25 ± 1,05 
Perspectives 1 5 0 1 7 14 1,14 ± 0,73 
Math. In the World 1 1 0 1 11 14 1,33 ± 2,16 

 

Grade of Different Exhibitions Given by Others (All Middle & Junior High Schools) 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 15 101 151 114 18 399 1,96 ± 0,09 
Electricity 32 111 137 89 30 399 1,77 ± 0,1 
Traffic 60 126 113 54 46 399 1,46 ± 0,1 
Math. Puzzles 63 149 94 41 52 399 1,33 ± 0,1 
Comets 111 127 69 35 57 399 1,08 ± 0,1 
Perspectives 69 199 73 10 48 399 1,07 ± 0,08 
Math. In the World 97 139 51 11 101 399 0,92 ± 0,09 

 

Average  Grade of  Exhibitions by Disabled & All Middle and Junior High Schools 

Exhibitions Disabled All Middle and Junior  High Schools 
Mirrors 2 ± 0,41 1,96 ± 0,09 
Electricity 1,33 ± 0,47 1,77 ± 0,1 
Traffic 1,1 ± 0,58 1,46 ± 0,1 
Math. Puzzles 1 ± 0,8 1,33 ± 0,1 
Comets 1,25 ± 1,05 1,08 ± 0,1 
Perspectives 1,14 ± 0,73 1,07 ± 0,08 
Math. In the World 1,33 ± 2,16 0,92 ± 0,09 
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Figure C9 -  Grade of Exhibitions by "Disabled" & "Middle 
and High Schools" 
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Difficulty Level of Different Exhibitions for Disabled Children 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 2 11 0 1 14 1,85 ± 0,22 
Electricity 4 5 3 2 14 1,92 ± 0,48 
Traffic 4 3 3 4 14 1,9 ± 0,58 
Math. Puzzles 1 5 0 8 14 1,83 ± 0,37 
Comets 4 4 0 6 14 1,5 ± 0,4 
Perspectives 3 3 0 8 14 1,5 ± 0,49 
Math. In the World 0 2 0 12 14 2 ± 0 

 

Difficulty Level of Different Exhibitions  for All Middle & Junior High Schools 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors 

Average Grade 

Mirrors 85 278 3 33 399 1,78 ± 0,05 
Electricity 88 265 9 37 399 1,78 ± 0,05 
Traffic 71 244 28 56 399 1,87 ± 0,06 
Math. Puzzles 45 238 49 67 399 2,01 ± 0,06 
Comets 121 200 22 56 399 1,71 ± 0,06 
Perspectives 111 218 7 63 399 1,69 ± 0,06 
Math. In the World 49 189 49 112 399 2 ± 0,07 

 

Average Difficulty of Different  Exhibitions for Disabled & All Middle & Junior High Schools 

Exhibitions Disabled All Middle & Junior  High Schools 
Mirrors 1,85 ± 0,22 1,78 ± 0,05 
Electricity 1,92 ± 0,48 1,78 ± 0,05 
Traffic 1,9 ± 0,58 1,87 ± 0,06 
Math. Puzzles 1,83 ± 0,37 2,01 ± 0,06 
Comets 1,5 ± 0,4 1,71 ± 0,06 
Perspectives   1,5 ± 0,49 1,69 ± 0,06 
Math. In the World 2 ± 0 2 ± 0,07 
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Figure C10 - Difficulty of Different  Exhibitions for "Disabled" 
& " Middle & High Schools" 
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Grade of Different Exhibitions  Given by Boys (Negative Students ) 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 6 7 2 1 0 16 0,88 ± 0,46 
Electricity 8 5 2 1 0 16 0,75 ± 0,48 
Traffic 12 2 2 0 0 16 0,38 ± 0,37 
Math. Puzzles 12 3 0 0 1 16 0,2 ± 0,22 
Comets 11 0 1 0 4 16 0,17 ± 0,35 
Perspectives 11 5 0 0 0 16 0,31 ± 0,25 
Math. In the World 12 4 0 0 0 16 0,25 ± 0,23 

 

Grade of Different Exhibitions  Given by Girls  (Negative Students) 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 1 6 2 0 0 9 1,11 ± 0,42 
Electricity 5 1 3 0 0 9 0,78 ± 0,69 
Traffic 1 7 1 0 0 9 1 ± 0,35 
Math. Puzzles 6 2 0 1 0 9 0,56 ± 0,72 
Comets 6 2 0 0 1 9 0,25 ± 0,35 
Perspectives 2 6 1 0 0 9 0,89 ± 0,42 
Math. In the World 6 2 0 1 1 9 0,63 ± 0,82 

 

Average  Grade of Different Exhibitions by Negative Students 

Exhibitions boys girls All (Boys&Girls&Anonymous) 
Mirrors 0,88 ± 0,46 1,11 ± 0,42 1,06 
Electricity 0,75 ± 0,48 0,78 ± 0,69 0,81 
Traffic 0,38 ± 0,37 1 ± 0,35 0,66 
Math. Puzzles 0,2 ± 0,22 0,56 ± 0,72 0,48 
Comets 0,17 ± 0,35 0,25 ± 0,35 0,23 
Perspectives 0,31 ± 0,25 0,89 ± 0,42 0,44 
Math. In the World 0,25 ± 0,23 0,63 ± 0,82 0,32 
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 Figure C11 - Grade of Different Exhibitions by Negative 
Students 
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Grade of Different Exhibitions Given by Boys by Positive Students 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Boys ) 

Average Grade 

Mirrors 0 3 22 25 2 52 2,44 ± 0,17 
Electricity 0 8 15 26 3 52 2,37 ± 0,22 
Traffic 3 12 19 14 4 52 1,92 ± 0,26 
Math. Puzzles 2 22 10 11 7 52 1,67 ± 0,27 
Comets 7 13 12 16 4 52 1,77 ± 0,31 
Perspectives 1 19 17 6 9 52 1,65 ± 0,23 
Math. In the World 5 15 9 6 17 52 1,46 ± 0,33 

 

Grade of Different Exhibitions  given by Girls by Positive Students 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors ( Girls ) 

Average Grade 

Mirrors 0 3 22 22 4 51 2,4 ± 0,18 
Electricity 1 6 17 18 9 51 2,24 ± 0,25 
Traffic 3 9 17 11 11 51 1,9 ± 0,29 
Math. Puzzles 2 11 18 12 8 51 1,93 ± 0,26 
Comets 6 18 9 12 6 51 1,6 ± 0,31 
Perspectives 4 19 15 2 11 51 1,38 ± 0,24 
Math. In the World 4 14 14 3 16 51 1,46 ± 0,28 

 

Average  Grade of Different Exhibitions by Positive Students 

Exhibitions boys girls All (Boys&Girls&Anonymous) 
Mirrors 2,44 ± 0,17 2,4 ± 0,18 2,46 
Electricity 2,37 ± 0,22 2,24 ± 0,25 2,33 
Traffic 1,92 ± 0,26 1,9 ± 0,29 1,95 
Math. Puzzles 1,67 ± 0,27 1,93 ± 0,26 1,78 
Comets 1,77 ± 0,31 1,6 ± 0,31 1,7 
Perspectives 1,65 ± 0,23 1,38 ± 0,24 1,55 
Math. In the World 1,46 ± 0,33 1,46 ± 0,28 1,43 
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 Figure  C12- Grade of Different Exhibitions  by Positive 
Students 
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Grade of Different Exhibitions  Given by  City School Children 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 9 62 95 86 12 264 2,02 ± 0,11 
Electricity 20 80 98 45 21 264 1,69 ± 0,11 
Traffic 39 85 71 36 33 264 1,45 ± 0,13 
Math. Puzzles 39 102 61 19 43 264 1,27 ± 11 
Comets 76 80 44 25 39 264 1,08 ± 0,13 
Perspectives 49 136 49 4 26 264 1,03 ± 0,09 
Math. In the World 63 93 33 7 68 264 0,92 ± 0,11 

 

Grade of Different Exhibitions  given by  Village School Children 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors 

Average Grade 

Mirrors 6 42 66 35 7 156 1,87 ± 0,13 
Electricity 13 40 45 46 12 156 1,86 ± 0,16 
Traffic 23 49 45 21 18 156 1,46 ± 0,16 
Math. Puzzles 27 49 38 24 18 156 1,42 ± 0,17 
Comets 39 52 28 12 25 156 1,1 ± 0,16 
Perspectives 21 72 26 7 30 156 1,2 ± 0,14 
Math. In the World 35 51 18 7 45 156 0,97 ± 0,16 

 

Average  Grade of Different Exhibitions by City & Village Schools 

Exhibitions City Schools Village Schools 
Mirrors 2,02 ± 0,11 1,87 ± 0,13 
Electricity 1,69 ± 0,11 1,86 ± 0,16 
Traffic 1,45 ± 0,13 1,46 ± 0,16 
Math. Puzzles 1,27 ± 11 1,42 ± 0,17 
Comets 1,08 ± 0,13 1,1 ± 0,16 
Perspectives 1,03 ± 0,09 1,2 ± 0,14 
Math. In the World 0,92 ± 0,11 0,97 ± 0,16 
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Figure C13- Grade of Different Exhibitions  by City  & Village 
Schools 
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Difficulty Level of Different Exhibitions for City School Children 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 63 183 1 17 264 1,75 ± 0,06 
Electricity 59 173 10 22 264 1,8 ± 0,06 
Traffic 44 157 27 36 264 1,93 ± 0,07 
Math. Puzzles 27 160 27 50 264 2 ± 0,07 
Comets 85 126 14 39 264 1,68 ± 0,08 
Perspectives 81 141 7 35 264 1,68 ± 0,07 
Math. In the World 33 120 34 77 264 2,01 ± 0,09 

 

Difficulty Level of Different Exhibitions  for Village School Children 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 26 111 2 17 156 1,83 ± 0,07 
Electricity 34 99 5 18 156 1,79 ± 0,08 
Traffic 33 94 4 25 156 1,78 ± 0,09 
Math. Puzzles 19 88 23 26 156 2,03 ± 0,1 
Comets 40 81 11 24 156 1,78 ± 0,1 
Perspectives 33 86 0 37 156 1,72 ± 0,08 
Math. In the World 16 75 17 48 156 2,01 ± 0,11  

 

Average Difficulty  Level of Different  Exhibitions for City & Village Schools 

Exhibitions City Schools Village Schools 
Mirrors 1,75 ± 0,06 1,83 ± 0,07 
Electricity 1,8 ± 0,06 1,79 ± 0,08 
Traffic 1,93 ± 0,07 1,78 ± 0,09 
Math. Puzzles 2 ± 0,07 2,03 ± 0,1 
Comets 1,68 ± 0,08 1,78 ± 0,1 
Perspectives 1,68 ± 0,07 1,72 ± 0,08 
Math. In the World 2,01 ± 0,09 2,01 ± 0,11  
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1

1,2

1,4

1,6

1,8

2

2,2

2,4

2,6

2,8

3

Mirrors Electricity Traffic Math
Puzzles

Comets Perspective Math in
World

A
ve

ra
ge

 D
iff

ic
ul

ty
 

City Schools Village Schools

 
 
 
 Figure C14 - Difficulty Level of Exhibitions for City & Village 

Schools 
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Grade of Different Exhibitions  Given by  Communal School Children 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 14 86 138 85 15 338 1,91 ± 0,09 
Electricity 29 102 105 75 27 338 1,73 ± 0,11 
Traffic 53 113 84 43 45 338 1,4 ± 0,11 
Math. Puzzles 57 116 77 35 53 338 1,32 ± 0,11 
Comets 96 106 55 28 53 338 1,05 ± 0,11 
Perspectives 64 158 56 10 50 338 1,04 ± 0,09 
Math. In the World 75 115 37 12 99 338 0,94 ± 0,11 

 

Grade of Different Exhibitions  Given by  Private  School Children 

Grades 0 1 2 3 blank  Total 
Exhibitions Number of Visitors 

Average Grade 

Mirrors 1 18 23 36 4 82 2,21 ± 0,19 
Electricity 4 18 36 16 6 82 1,82 ± 0,19 
Traffic 9 21 32 14 6 82 1,67 ± 0,21 
Math. Puzzles 9 35 22 8 8 82 1,39 ± 0,2 
Comets 19 26 17 9 11 82 1,23 ± 0,24 
Perspectives 6 50 19 1 6 82 1,2 ± 0,14 
Math. In the World 23 29 14 2 14 82 0,93 ± 0,2 

 

Average Grade of Different Exhibitions by Communal & Private Schools 

Exhibitions Communal Schools Private Schools 
Mirrors 1,91 ± 0,09 2,21 ± 0,19 
Electricity 1,73 ± 0,11 1,82 ± 0,19 
Traffic 1,4 ± 0,11 1,67 ± 0,21 
Math. Puzzles 1,32 ± 0,11 1,39 ± 0,2 
Comets 1,05 ± 0,11 1,23 ± 0,24 
Perspectives 1,04 ± 0,09 1,2 ± 0,14 
Math. In the World 0,94 ± 0,11 0,93 ± 0,2 

 

Average Grade of different Exhibitions by Communal and Private 
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Figure C15 - Grade of Different Exhibitions by Communal & 
Private Schools 
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Difficulty Level of Different Exhibitions for Communal School Children 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 69 239 3 27 338 1,79 ± 0,05 
Electricity 76 216 13 33 338 1,79 ± 0,06 
Traffic 65 197 22 54 338 1,85 ± 0,06 
Math. Puzzles 34 198 39 67 338 2,02 ± 0,06 
Comets 91 172 20 55 338 1,75 ± 0,07 
Perspectives 93 177 5 63 338 1,68 ± 0,06 
Math. In the World 37 157 35 109 338 1,99 ± 0,07 

 

Difficulty Level of Different Exhibitions  for Private School Children 

Grades 1 2 3 blank  Total 
Exhibitions Number of Visitors  

Average Grade 

Mirrors 20 55 0 7 82 1,73 ± 0,1 
Electricity 17 56 2 7 82 1,8 ± 0,11 
Traffic 12 54 9 7 82 1,96 ± 0,12 
Math. Puzzles 12 50 11 9 82 1,99 ± 0,13 
Comets 34 35 5 8 82 1,61 ± 0,14 
Perspectives 21 50 2 9 82 1,74 ± 0,12 
Math. In the World 12 38 16 16 82 2,06 ± 0,16 

 

Average Difficulty  Level of Different  Exhibitions for Communal & Private Schools 

Exhibitions Communal Schools Private Schools 
Mirrors 1,79 ± 0,05 1,73 ± 0,1 
Electricity 1,79 ± 0,06 1,8 ± 0,11 
Traffic 1,85 ± 0,06 1,96 ± 0,12 
Math. Puzzles 2,02 ± 0,06 1,99 ± 0,13 
Comets 1,75 ± 0,07 1,61 ± 0,14 
Perspectives 1,68 ± 0,06 1,74 ± 0,12 
Math. In the World 1,99 ± 0,07 2,06 ± 0,16 
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Figure C16 - Difficulty Level of Exhibitions for Communal 
and Private Schools 



 146 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix   D 
 

Planetarium Programs 
& 

Knowledge Maze 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 147 

 

  
Gender 

Andromeda 
Story Journey through Space 

Boys 0,96 1,64 

Girls 1,25 1,25 Average Grade 

All (Boys & Girls & 
Anonymous) 1,12 1,44 

Boys 1,61 1,86 

Girls 1,77 1,93 Average 
Difficulty 

All(Boys & Girls & 
Anonymous) 1,7 1,89 
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Figure D1 - Grade & Difficulty Level of Different Slide 
Shows 



 148 

 

Grade of  Slide Show  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 32 43 37 19 3 134 1,33 ± 0,18 
Jounior high schools 7 12 13 4 2 38 1,39 ± 0,32 
Total 39 55 50 23 5 172 1,34 ± 0,15 

 

Grade of  Slide Show  Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 34 46 36 18 12 146 1,28 ± 0,17 
Jounior high schools 4 18 13 4 0 39 1,44 ± 0,27 
Total 38 64 49 22 12 185 1,32 ± ,15 

 

Average Grade of  Slide Show 

  Boys Girls 
All  

(Boys & Girls & Anonymous ) 
Middle schoools (age groups 4, 5 & 6) 1,33 ± 0,18 1,28 ± 0,17 1,31 
Junior high schools (age groups 7 & 8) 1,39 ± 0,32 1,44 ± 0,27 1,41 
Total (age groups  4, 5, 6, 7 & 8) 1,34 ± 0,15 1,32 ± ,15 1,33 
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Figure D2 - Grade of Slide Show 
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Difficulty Level of  Slide Show  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors(Boys) 

Average Grade 

Middle Schools 39 73 5 17 134 1,71 ± 0,1 
Junior high Schools 10 26 0 2 38 1,72 ± 0,15 
Total 49 99 5 19 172 1,71 ± 0,08 

 

Difficulty Level  of  Slide Show  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors(Girls) 

Average Grade 

Middle Schools 34 93 5 14 146 1,78 ± 0,09 
Junior high schools 6 28 0 5 39 1,82 ± 0,13 
Total 40 121 5 19 185 1,79 ± 0,07 

 

Average Difficulty Level of  Slide Show 

  Boys Girls 
All 

(Boys  & Girls & Anonymous) 
Middle Schools (age groups 4, 5 & 6) 1,71 ± 0,1 1,78 ± 0,09 1,75 
Junior high schools (age groups 7 & 8) 1,72 ± 0,15 1,82 ± 0,13 1,73 
Total (age groups  4, 5, 6, 7 & 8) 1,71 ± 0,08 1,79 ± 0,07 1,75 
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 Figure D3- Difficulty Level of Slide Show 
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Grade of Starry Sky Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 24 39 39 28 4 134 1,55 ± 0,18 
Jounior high schools 5 11 13 8 1 38 1,65 ± 0,33 
Total 29 50 52 36 5 172 1,57 ± 0,16 

 

Grade of Starry Sky Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 23 34 43 36 10 146 1,68 ± 0,18 
Jounior high schools 7 5 14 13 0 39 1,85 ± 0,35 
Total 30 39 57 49 10 185 1,71 ± 0,16 

 

Average Grade of Starry Sky 

  Boys Girls 
All 

(Boys  & Girls & Anonymous) 
Middle schoools (age groups 4, 5 & 6) 1,55 ± 0,18 1,68 ± 0,18 1,6028 
Junior high schools (age groups 7 & 8) 1,65 ± 0,33 1,85 ± 0,35 1,7143 
Total (age groups  4, 5, 6, 7 & 8) 1,57 ± 0,16 1,71 ± 0,16 1,628788722 
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Figure D4 - Grade of Starry Sky 
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Difficulty Level of Starry Sky for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 21 82 12 19 134 1,92 ± 0,1 
Junior high Schools 7 26 3 2 38 1,89 ± 0,18 
Total 28 108 15 21 172 1,91 ± 0,09 

 

Difficulty Level of Starry Sky for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 16 106 11 13 146 1,96 ± 0,08 
Junior high schools 2 32 1 4 39 1,97 ± 0,1 
Total 18 138 12 17 185 1,96 ± 0,07 

 

Average Difficulty Level of Starry Sky 

  Boys Girls 
All 

(Boys  & Girls & Anonymous) 
Middle Schools (age groups 4, 5 & 6) 1,92 ± 0,1 1,96 ± 0,08 1,95 
Junior high schools (age groups 7 & 8) 1,89 ± 0,18 1,97 ± 0,1 1,87 
Total (age groups  4, 5, 6, 7 & 8) 1,91 ± 0,09 1,96 ± 0,07 1,93 
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Figure D5 - Difficulty Level of Starry Sky 
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Grade & Difficulty of Slide Show & Starry Sky for Middle Schools 

Boys Girls 
Exhibitions 

Average Grade Average Difficulty Average Grade Average Difficulty 

Slide Show 1,33 1,71 1,28 1,78 
Starry Sky 1,55 1,92 1,68 1,96 
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Grade & Difficulty of Slide Show & Starry Sky for Junior  High Schools 

Boys Girls 
Exhibitions 

Average Grade Average Difficulty Average Grade Average Difficulty 

Slide Show 1,3889 1,72 1,4359 1,8235 
Starry Sky 1,6486 1,89 1,8462 1,9714 
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Figure D6 - Grade & Difficulty of Slide Show & Starry Sky 
for Middle Schools and Junior  High Schools 
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Grade of Planetarium Programs Given by Disabled Children 

Grades 0 1 2 3 blank  Total 
Planetarium Program Number of Visitors 

Average Grade 

Slide Show 5 4 3 2 0 14 1,14 ± 0,61 
Starry Sky 1 5 6 2 0 14 1,64 ± 0,47 

 
 

Grade of Planetarium Programs Given by All the Middle & Junior High 
Schools 

Grades 0 1 2 3 blank  Total 
Planetarium Program Number of Visitors 

Average Grade 

Slide Show 89 126 110 52 22 399 1,33 ± 0,1 
Starry Sky 70 93 122 93 21 399 1,63 ± 0,11 

 
 

Average Grade of Planetarium Programs by Disabled  and All Other 
children   

  Disabled Children Middle & Junior High Schools 
Slide Show 1,14 ± 0,61 1,33 ± 0,1 
Starry Sky 1,64 ± 0,47 1,63 ± 0,11 
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Figure D7 - Grade of Planetarium Programs by "Disabled 
Students" and "Middle & High School Students" 
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Difficulty of Planetarium Programs given for Disabled Children 

Grades 1 2 3 blank  Total 
Planetarium Program   

Average Grade 

Slide Show 6 7 1 0 14 1,64 ± 0,35 
Starry Sky 5 7 2 0 14 1,79 ± 0,39 

 
 

Difficulty of Planetarium Programs given for All the Middle & Junior High Schools 

Grades 1 2 3 blank  Total 
Planetarium Program   

Average Grade 

Slide Show 103 241 13 42 399 1,75 ± 0,05 
Starry Sky 53 272 29 45 399 1,93 ± 0,05 

 
 

Average Difficulty of Planetarium Programs by Disabled Children and All Other children   

  Disabled Children Middle & Junior High Schools 
Slide Show 1,64 ± 0,35 1,75 ± 0,05 
Starry Sky 1,79 ± 0,39 1,93 ± 0,05 
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Figure D8 - Difficulty of Planetarium Programs by "Disabled 
Student" and ”Middle & High School Students" 
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Grade of Planetarium Programs Given by Boys ( Negative Students ) 

Grades 0 1 2 3 blank  Total 
Planetarium Program Number of Visitors  (Boys) 

Average Grade 

Slide Show 11 2 1 1 1 16 0,47 ± 0,49 
Starry Sky 9 4 2 1 0 16 0,69 ± 0,49 

 

Grade of Planetarium Programs Given by Girls ( Negative Students )  

Grades 0 1 2 3 blank  Total 
Planetarium Program Number of Visitors  (Girls) 

Average Grade 

Slide Show 4 4 1 0 0 9 0,67 ± 0,5 
Starry Sky 7 1 0 0 1 9 0,13 ± 0,27 

 

Average Grade of Planetarium Programs by Negative Students   

  Boys Girls 
All 

 (Boys & Girls & Anonymous) 
Slide Show 0,47 ± 0,49 0,67 ± 0,5 0,45 
Starry Sky 0,69 ± 0,49 0,13 ± 0,27 0,55 
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Figure D9 - Grade of Planetarium Programs by Negative 
Students 
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Grade of Planetarium Programs given by Boys (Positive Students) 

Grades 0 1 2 3 blank  Total 
Planetarium Program Number of Visitors  (Boys) 

Average Grade 

Slide Show 6 10 18 17 1 52 1,9 ± 0,28 
Starry Sky 1 9 19 22 1 52 2,22 ± 0,23 

 

Grade of Planetarium Programs Given by Girls (Positive Students)  

Grades 0 1 2 3 blank  Total 
Planetarium Program Number of Visitors  (Girls) 

Average Grade 

Slide Show 5 14 17 10 5 51 1,7 ± 0,28 
Starry Sky 3 7 18 19 4 51 2,13 ± 0,27 

 

Average grade of Planetarium Programs  (Positive Students)  

  Boys Girls 
All  

(Boys & Girls & Anonymous) 
Slide Show 1,9 ± 0,28 1,7 ± 0,28 1,83 
Starry Sky 2,22 ± 0,23 2,13 ± 0,27 2,18 
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Figure D10 - Grade of Planetarium Programs by Positive 
Students 
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Grade & Difficulty of Slide Show & Starry Sky for City & Village Schools 

Average Grade Average Difficulty 
Planetarium Show 

City Schools Village Schools City Schools Village Schools 

Slide Show 1,39 1,21 1,78 1,66 

Starry Sky 1,7 1,51 1,95 1,89 
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Figure D11 - Average Grade and Difficulty Level of 
Planetarium Programs for City and Village Schools 
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Grade & Difficulty of Slide Show & Starry Sky for Communal & Private Schools 

Average Grade Average Difficulty 
Planetarium Show 

Communal Schools 
Private 
Schools Communal Schools 

Private 
Schools 

Slide Show 1,31 1,38 1,75 1,71 

Starry Sky 1,59 1,76 1,91 1,99 
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Figure D12 - Average Grade and Difficulty Level of 
Planetarium Programs for Communal and Private Schools 
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Grade of  Knowledge Maze  Given by Boys  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle schools 12 22 21 23 56 134 1,71 ± 0,24 
Jounior high schools 3 7 0 0 28 38 0,7 ± 0,32 
Total 15 29 21 23 84 172 1,59 ± 0,23 

 

Grade of  Knowledge Maze  Given by Girls  

Grades 0 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle schools 9 31 24 22 60 146 1,69 ± 0,21 
Jounior high schools 5 3 4 0 27 39 0,92 ± 0,54 
Total 14 34 28 22 87 185 1,59 ± 0,2 

 

Average Grade of Knowledge Maze 

  Boys Girls 
All  

(Boys& Girls & Anonymous) 
Middle schoools (age groups 4, 5 & 6) 1,71 ± 0,24 1,69 ± 0,21 1,66 
Junior high schools (age groups 7 & 8) 0,7 ± 0,32 0,92 ± 0,54 0,95 
Total (age groups  4, 5, 6, 7 & 8) 1,59 ± 0,23 1,59 ± 0,2 1,49 

 

 Average Grade of  Knowledge Maze

0

0,5

1

1,5

2

2,5

3

Middle Schools Junior High Schools Total

G
ra

de

Boys Girls All

 
 
 
 Figure D13 - Grade of Knowledge Maze 
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Difficulty Level of  Knowledge Maze  for Boys  

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Boys) 

Average Grade 

Middle Schools 35 33 1 65 134 1,51±0,13 
Junior high Schools 9 1 0 28 38 1,1 ± 0,21 
Total 44 34 1 93 172 1,46 ± 0,12 

 

Difficulty Level  of  Knowledge Maze  for Girls 

Grades 1 2 3 blank  Total 
Age Groups Number of Visitors  (Girls) 

Average Grade 

Middle Schools 46 41 3 56 146 1,52 ± 0,12 
Junior high schools 2 6 0 31 39 1,75 ± 0,35 
Total 48 47 3 87 185 1,54 ± 0,11 

 

Average Difficulty Level of  Knowledge Maze 

  Boys Girls 
All 

(Boys & Girls &A nonymous) 
Middle Schools (age groups 4 5 & 6) 1,51±0,13 1,52 ± 0,12 1,5 
Junior high schools (age groups 7 & 8) 1,1 ± 0,21 1,75 ± 0,35 1,44 
Total (age groups 4, 5, 6, 7 & 8) 1,46 ± 0,12 1,54 ± 0,11 1,49 
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 Figure D14 - Difficulty Level of Knowledge Maze 
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