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Informal learning relates to activities that occur outside the school environment. These learning environments,
such as visits to science centers provide valuable motivational opportunities for students to learn science. The
purpose of this study was to investigate the role of the pre-academic center in science education and
particularly to explore its effects on 750 middle-school students' attitudes toward science, their scientific
thinking skills and self-efficacy. Pre and post-case based questionnaires were designed to assess the students’
higher order thinking skills — inquiry, graphing, and argumentation. In addition, a five-point Likert scale
questionnaire was used to assess students' attitudes and self-efficacy. The research results indicated a positive
effect of the pre-academic science center activities on scientific thinking skills. A significant improvement in the
students' inquiry and graphing skills was found, yet non significant differences were found in argumentation
skill. The students significantly improved their ability to ask research questions based on reading a scientific
text, and to describe and analyze research results that were presented graphically. While no significant
differences were found between girls and boys in the pre-questionnaire, in the post-questionnaire the girls'
scores in inquiry skill were significantly higher than boys' scores. Increases in students' positive attitudes toward
science and self-efficacy were found but the results were not statistically significant. However, the program
length was found to be an important variable that affects achievement of educational goals. A three-dimension-
based framework is suggested to characterize learning environments: organizational, psychological, and
pedagogical.

Keywords - Informal learning, Learning visit, Science center, Attitudes toward science, Scientific thinking skills,
Self-efficacy.

1 INTRODUCTION AND THEORETICAL BACKGROUND

Students’ achievements in the sciences have received ongoing attention over the past decade as demonstrated
by inter national large-scale standardized testing efforts (Gonzales, Williams, Jocelyn, Roey, Kastberg, &
Brenwald, 2008; OECD, 2014). The decreasing interest in science among youth in both primary and secondary
educational systems has been widely reported and documented. Many students think science is too hard,
uninteresting, and irrelevant (Aschbacher, Ing & Tsai, 2013). As a result the number of young people choosing to
study sciences at universities and colleges is dropping. Students’ science identities and goals have been
influenced by their science experiences and expectations at home and in school (Aschbacher, Li & Roth, 2010).
In recent years, efforts have focused on fostering science education and many on-going initiatives contribute to
the renewal of science education; nevertheless, they are often small-scale (Kearney, 2010). The Michel Rocard
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Report of 2007 summarizes the obstacles for youth to consider pursuing any career in science: traditional,
deductive educational approaches in teaching science are boring and render the scientific content rather
incomprehensible and unattractive. The report concludes that this is even more the case in secondary than in
primary education, due to pressures of the school curriculum. Since career opportunities are seriously
considered in the latter stages of secondary school, the current state of affairs is extremely worrisome. One of
the main recommendations of the report is that novel teaching methods and especially inquiry-based
educational approaches are called for.

Several studies have investigated students' attitudes toward science in order to overcome obstructions in
learning science and technology. A number of variables have been examined: instructional design, gender, self-
efficacy, interest, and achievements (Abrahams, 2009; Jarvis & Pell, 2005; Raghavan, Sartoris & Glaser, 1998;
Selcuk, Sahin & Acikgdz, 2011; Snir & Smith, 1995; Trumper, 2006). Larson, Stephen, Bonitz and Wu (2014)
investigated the role of self-reported effort in predicting science achievements. They argue that students are
strongly motivated to work hard, and achievement is attributed more to effort than to ability.

Krapp and Prenzel (2011) argued that interest is a parallel concept to attitude, rather than a subcategory of it.
The strongest predictor of students’ science, engineering or mathematics interests in grades 7 to 9 is the
question of confidence as a science learner (Aschbacher et al.,, 2010). Powerful opportunities that allow
students to see what real scientists do, try their hand at it, and realize that they can do it, are most important as
a means to affect students' attitudes or interests. Unfortunately, such opportunities are rare among school
students therefore; extracurricular opportunities with authentic science activities outside of school are needed.

One of the academic science centers in Israel dedicated to this goal is the Sidney Warren Science Education
Center for Youth at Tel-Hai College. The center, as a pre-academic framework, aims at strengthening the
potential of school students in order to encourage them to pursue higher education, with an emphasis on
science and technology studies. The center provides students with hands-on laboratory experience and
computerized learning environments not available in their schools (Sasson & Cohen, 2013). The cooperation
with an academic and research institute creates an opportunity for meetings with experts as role models in
science. The activities encourage educational continuity in order to promote excellence in science and
technology that will naturally encourage students to continue their education, in general, and to specialize in
the sciences, in particular.

The purpose of this study is to investigate the role of the pre-academic center in science education and
particularly, to explore its effects on student attitudes toward science, their scientific thinking skills and self-
efficacy. The paper presents a method to measure students' thinking skills by science case-studies. This
evaluation method is usually rare in informal learning environments like science centers. The theoretical
background will first focus on informal learning environments in general and science centers in particular in
order to characterize the main features of the Sidney Warren Science Education Center for Youth. Then, a
review of the assessment methods that are usually used in science centers will be presented with emphasis on
the special variables that are at the focus of this study. As will be shown in the discussion section the paper calls
for re-examination of the relevance of the definitions of formal and informal learning environments. Usually the
focus in science centers is on the psychological aspects of learning like interest, attitudes and feelings of
confidence in learning science. This paper presents a research that combines psychological and pedagogical
evaluations in order to demonstrate more attention to pedagogical aspects in science center activities.

1.1 Informal Learning Environments and Science Centers

Distinctions are usually made between formal and informal learning, suggesting that learning that occurs in
school is different from learning out of school, for example, in a museum (Anderson, Thomas & Ellenbogen,
2003; Hofstein & Rosenfeld, 1996).

Informal learning relates to activities that occur outside the school environment, which have been developed in
response to the needs of the school and the demands of the curriculum. These activities are characterized by
the fact that participation is not mandatory and experiences are not assessed using scores as they are in school.
Informal learning experiences can be structured to achieve different objectives and can influence attitudes or
change behavior (Crane, Nicholson & Chen, 1994; Hofstein & Rosenfeld, 1996).

Rodari (2009) published a review based on the work of 14 specialists who analyzed hundreds of documents on
pedagogical practices concerning informal scientific education. They concluded that in informal contexts,
participants: enjoy interesting, involving and stimulating experiences, and are motivated to acquire new
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knowledge on the phenomena of the physical and natural world; they are able to produce, understand, recall
and use explanations, arguments, models and facts related to science; manipulate, test, explore, predict,
observe and give sense to the physical and natural world; reflect on science as a way to learn; on its processes,
concepts and institutions; they reflect on their own learning process; participate in scientific and practical
learning activities along with other people, using scientific terminology and specific tools; they think of
themselves as people learning science and thus build an identity as persons who know, use and sometimes
contribute to the production of scientific knowledge.

Informal learning often involves field trips. A field trip is a tour organized by the school for educational purposes
during which students experience materials and training methods based on observable and direct investigations
(Hofstein & Rosenfeld, 1996; Krepel & Durall, 1981). Learning in a tour is informal learning in that it is less
systematic and structured and more flexible. It depends on learners’ self-motivation and is a hand-on
experience in real contexts, involving considerable cooperation and sharing (Cainey, Bowker, Humphrey &
Murray, 2012; Cheng & Ho, 2011).

Science museums are institutions of knowledge, places of collecting, seeing and knowing evidence of science
while science centers are more typically concerned with presenting universal abstract laws, principles, and
phenomena (MacDonald, 1998).

Koster (1999) suggested seven attributes for science centers of which four refer to the instructional design of
the science activities:

* amission centering on integrated interpretations of science-technology-society (STS) issues;

e a dedication to providing access and outreach to visitors and users of all ages, learning styles, and
backgrounds;

¢ a unifying theme that helps to create context and connections for visitors; 4) adoption of available
multimedia to create engaging experiences.

The literature indicates some classifications of science centers. Janousek (2000) classified museums and science
centers into two types:

* traditional and object-oriented. Collections and exhibitions are based on artifacts with no presentation
of a broader context;

e focus on elucidating the natural order of the universe and exhibits are interactive.

Wellington (1998) describes two types of exhibits usually found at the science centers: experiential exhibits that
allow the visitor to experience and interact with science phenomena; and the pedagogical exhibit that sets out
to teach something. Pedretti (2002) defines a third category - critical exhibitions that focus on the processes of
science, the nature of science, and science and technology in its sociocultural context.

The pre-academic science center, the Sidney Warren Science Education Center for Youth, creates media for
communicating science to the public with the focus on school groups. The center offers field visits in advanced
labs, providing special equipment and materials in several science topics: biotechnology, nutrition and food
technologies, chemistry, physics, environmental science, mathematics, and computer science. One of the main
goals is creating a strong foundation for close collaborations between academic experts, researchers, and
school systems as a means of building a self-image among young students as science learners or as being able
to make science. Based on Wellington's (1998) and Pedretti's (2002) classification, activities are focused on
pedagogical and critical aspects. Scientific programs involve children from kindergarten to 12th grade, and are
based on three major educational approaches that cut across all the programs:

*  the constructivist approach which views learning as an active process that constructs meanings in the
learners' minds. Learning environments that are based on this approach have been found particularly

beneficial to students by enhancing their learning processes (Rivet & Krajcik, 2004; Rosenfeld &
Rosenfeld, 2006; Dori & Sasson, 2008; Von Glasersfeld, 1991);

* the inquiry-based approach which encourages cooperative learning through which the student gains
experience with formulating questions, constructing a set of experiments, gathering data and drawing
conclusions. Research indicates that this method fosters students' ability to think in diverse ways, to
develop creativity and independence in learning, to awaken curiosity and wonder, to develop generally
positive attitudes towards learning and to improve scholastic achievements (Haury, 1993; Kiihne, 1995;
Shulman & Tamir, 1973); and
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* the Enrichment Triad Model (Renzulli, 1979; Renzulli & Reis, 2000) which is based on three stages:
exposure, deepening knowledge and skills, and research.

1.2 Assessment of the Learning Processes in the Science Centers

Informal learning environments, such as visits to science centers provide valuable motivational opportunities
for students to learn science. These environments can have an impact on learning while addressing aspects of
science education that might be missing in more formal, class-based science learning environments. Enrichment
activities in science centers are perceived as an opportunity to increase students’ interest in learning but the
question of cognitive value is unclear. Studies have reported a range of gains in cognitive learning and positive
science-related attitudes as outcomes of visits to science centers, but the findings for cognitive and affective
changes are not always consistent Jarvis and Pell (2002) asserted that "it might be questioned whether such
short experiences have value". They found that "only relatively few children develop a greater enthusiasm for
science and for being scientists" (p. 981). Bozdogan and Yalgin (2009), on the other hand, reported an increase
in interest in science and an improvement in academic achievement after a visit to a science exhibition center in
Turkey. According to Anderson, Lucas, Ginns and Dierking (2000) and Jarvis and Pell (2005), meaningful learning
processes during out-of-school experiences are influenced by pre-visit, in-visit, and post-visit activities. Falk and
Dierking (1992) suggested that the visit experience depends on interaction among three contexts:

* the visitors’ own personal backgrounds of knowledge, experiences, skills, motivations, and desires,
* the social interactions during the visit, and
* the physical environment created by the center surroundings.

Price and Hein (1991) defined educationally effective programs as those "in which products are not
emphasized, inquiry is sparked, open-ended questions are generated, and students actively participate and
appear involved" (p. 510).

Falk, Scott, Dierking, Rennie and Cohen (2004) call for studies that examine learning as shifts in attitudes,
values, beliefs, understandings and skills. As such, the purpose of this study is to investigate the effect of the
pre-academic science center on students' attitudes toward science, their scientific thinking skills and self-
efficacy.

2 RESEARCH SETTINGS

Attitudes toward science, self-efficacy, and scientific thinking skills were assessed among 750 middle-school
students who participated in the science center activities during 2012-2013. Two main programs were selected
for this investigation in which science inquiry was emphasized in the instructional design. About 600 students
participated in the "Science Research Program" that focuses on developing science thinking skills by research
experience. The students gain experience in scientific research and prepare a science poster as a final learning
product. The program follows the research process; beginning with exposure to a science phenomenon,
formulation of questions, experiment planning, data collection, presentation of results and drawing of
conclusions. Students work in small groups during the research process. Each group receives about 50 academic
hours per year. All science topics are new for the students but still related to the school science curriculum. The
students' science teachers from their schools also participate in the activities at the college in order to generate
the appropriate connections to the school curriculum.

About 150 students participated in the "Preparation for Academia Program" which includes an initial
introductory period in mathematics and science and then the participants are encouraged to take part in
regular college classes and gain academic credits or to conduct a high-level science project as part of their
school matriculation exams (based on Ministry of Education approval). Each group receives about 120 academic
hours per year. Most of the students in both of the programs are talented students who learn special science
classes in their schools in.
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2.1 Science Thinking Skills Assessment

Based on Dori and Sasson (2008) and Sasson and Dori (2006, 2011), pre- and post case-based questionnaires
were designed to assess the students’ higher order-thinking skills.

A case study is a learning tool presented in a narrative way that deals with real situations. The use of case
studies features several themes: cases as a tool for professional preparation and development, cases for
facilitating critical thinking and exploring dilemmas, and cases as an assessment tool (Dori, 2003; Dori &
Herscovitz, 1999, 2005; Dori & Sasson, 2008; Sasson & Dori, 2011; Tal & Hochberg, 2003; Tobin, Kahle, & Fraser,
1990). Pre and post case-based questionnaires were designed to assess three thinking skills: inquiry, graphing,
and argumentation. The questionnaires included a variety of assignments for assessing these thinking skills.

In the inquiry assignment, students were asked to formulate a research question, based on the scientific text
they received, and to define its variables (dependent and independent). In the graphic assignment they were
asked to describe the graphs and to analyze data and reach logical conclusions. The argumentation assignment
tested students' ability to present a scientific claim based on relevant explanations and examples.

For each assignment, an assessment rubric was conducted and validated by five experts in science education
achieving 90% inter-rater reliability.

Table 1 presents an example of one of the rubrics that was used to assess students' ability to formulate a
research question, based on the scientific text, and to define its variables.

Criteria
No answer, inquiry question is not relevant or not presenting the right structure —
effect of variable A on B

Score

The inquiry question is relevant to the scientific text and presents the right structure —
1 effect of variable A on B or the question presents an innovative aspect that wasn’t
presented directly by the scientific text

The inquiry question is relevant to the scientific text and presents the right structure —
2 effect of variable A on B and the question presents an innovative aspect that wasn’t
presented directly by the scientific text

Table 1. Rubric for assessing students’ inquiry skill

Students were asked to fill out the case-based questionnaire twice, at the beginning of the program and at the
end. Table 2 presents students details.

Time N Girls Boys 7" grade | 8"grade | 9" grade | Secular | Religious
Pre 438 45% 55% 32% 49% 19% 80% 20%
Post 646 53% 47% 49% 45% 6% 83% 17%

Table 2. Students’ details- Science thinking skills

2.2 Attitudes toward Science and Self-efficacy Assessment

To measure attitudes toward science and self-efficacy, a five-point Likert scale was used based on CARS -
Changes in Attitudes about the Relevance of Science questionnaire (Jarvis & Pell, 2002; Pintrich, Smith, Garcia &
McKeachie, 1991; Siegel & Ranney, 2003). The questionnaire included 13 statements (e.g., "l am interested in
doing science in the future", "l enjoy science classes", "l feel that | have what is needed to succeed in science
studies"”, "I like to solve hard riddles"). The students were required to choose one of the five options for each
statement: 5. “strongly agree,” 4. ““agree,” 3. “undecided,” 2. “disagree,” 1. “strongly disagree.”” The Cronbach
alpha reliability coefficients for the attitudes toward science was a = .862; self-efficacy, a = .797.

Students were asked to fill out the questionnaire twice, at the beginning of the program and at the end. Table 3
presents students details.
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Time N Girls Boys 7" grade | 8"grade | 9" grade | Secular | Religious
Pre 592 43% 57% 46% 35% 19% 74% 26%
Post 440 44% 56% 24% 49% 17% 75% 25%
Table 3. Students’ details — Attitudes and self-efficacy
3 FINDINGS

Based on the rubrics that were developed students' responses to the pre- and post case-based questionnaires
were assessed and the scores were calculated for each thinking skill. Table 4 represents students' scores in the
thinking skills that were assessed.

Pre Post
Thinking skill =438 =646 t Test
Mean S.D Mean S.D
Inquiry skill t=-4.85
(Min=0, Max=2) 0.67 0.65 0.99 1.46 p=0.000
Graphing skills t=-4.92
(Min=0, Max=2) 0.96 0.67 1.16 0.63 p=0.000
Argumentation skill
(Min=0, Max=2) 1.14 0.87 1.22 0.86 n.s.

n.s. = Non-significant

Table 4. Students' thinking skills results — pre vs. post

The results indicate a significant improvement in the students' inquiry and graphing skills. The students
significantly improved their ability to ask research questions based on reading a scientific text, and to describe
and analyze research results that are presented graphically. Non-significant differences were found in
argumentation skill.

The next step in analyzing the results examined whether there are differences between sub-groups in the
research population in each thinking skill. No significant differences were found between girls and boys in the
pre-questionnaire while in the post-questionnaire, the girls' scores in inquiry skill were significantly higher than
the boys' scores (mean1=1.01, S.D1=0.72, mean2=0.85, S.D2=0.69, t=-2.59, p<0.01). Religious students' scores
on the inquiry skill were significantly higher than secular students' scores in the pre-questionnaire
(mean1=0.85, S.D1=0.78, mean2=0.62, S.D2=0.68, t=-2.42, p<0.001). However, in the post-questionnaire, non-
significant differences were found in this thinking skill, but an advantage in the graphing skill was found in favor
of the secular student' scores (mean1=1.22, S.D1=0.65, mean2=0.90, S.D2=0.45, t=5.83, p=0.000). The next
examination focused on a comparison between the pre-questionnaire scores of the 7th grade students who
participated in the science center programs for the first time and the 8th and 9th grade students who had
participated in the programs during the previous academic year as well. Results are presented in Table 5.

New students Senior students
Thinking skill N=138 N=300 t Test
Mean S.D Mean S.D
Inquiry skill t=-4.50
(Min=0, Max=2) 0.46 0.62 0.76 0.65 p=0.000
Graphing skills t=-5.40
(Min=0, Max=2) 0.71 0.63 1.08 0.65 $=0.000
Argumentation skill
(Min=0, Max=2) 1.16 0.92 1.14 0.85 n.s.

n.s. = Non-significant

Table 5. Students' thinking skills results- senior students vs. new
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Students' attitudes toward science and self-efficacy were investigated for both students in the "Science
Research Program" and the "Preparation for Academia Program". An increase in students' mean scores was
found but the results were not statistically significant as presented in Table 6.

Pre Post
N=745 N=475 t Test
Mean S.D Mean S.D
Attitudes toward science
(Min=1, Max=5) 3.72 0.91 3.79 0.92 n.s
Self-efficacy
(Min=1, Max=5) 4.03 0.65 4.05 0.73 n.s

n.s. = Non-significant
Table 6. Students' attitudes and self-efficacy results- pre vs. post

The next step in analyzing the results examined whether there are differences between sub-groups in the
research population in respect to attitudes toward science and self-efficacy. Non-significant differences were
found between boys and girls, secular and religious students and senior-experianced and new students in the
pre-and the post-questionnaires. A comparison was made between the two programs. The results are
presented in Table 7.

"Preparation for "Science Research
Academia Program" Program" ¢ Test
=132 =343

Mean S.D Mean S.D
Attitudes toward science t=-5.61
(Min=1, Max=5) 4.15 0.87 3.64 0.89 $=0.000
Self-efficacy t=-2.55

4.1 . .97 .74
(Min=1, Max=5) 6 0.68 3.9 0 p<0.05

Table 7. Students' attitudes and self-efficacy results-
"Preparation for Academia Program" vs. "Science Research Program"

The results indicate a significant advantage in attitudes and self-efficacy scores in favor of the students who
participated in the "Preparation for Academia Program" in contrast to students who participated in the "Science
Research Program".

4 DISCUSSION

The purpose of this paper was to investigate the learning process of the Sidney Warren Science Education
Center for Youth as a pre-academic science center. The specific goals were to examine effects on students'
attitudes toward science, their scientific thinking skills and self-efficacy. To reach these goals, pre-and post-case-
based questionnaires and pre-and post-attitudes and self-efficacy questionnaires were used among 750 middle-
school students.

The students' scores in all thinking skills were relatively low in the pre-questionnaire and were average in the
post-questionnaire. The research results indicated a positive effect of the academic science center activities on
scientific thinking skills. A significant improvement in the students' inquiry and graphing skills was found. The
students significantly improved their ability to ask research questions based on reading scientific texts, and to
describe and analyze research results that were presented graphically. Activity design in the Sidney Warren
Science Education Center for Youth is based on the inquiry-based approach; therefore, this explicit instruction
method encourages cooperative learning through which the student gains experience in formulating questions,
constructing a set of experiments, gathering data and drawing conclusions. Yet, non-significant differences were
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found in argumentation skill. Explicit instruction for developing argumentation skill has not been used although
students were asked to design a science poster as a final product of the learning process. We can assume that
special intervention was needed in order to develop this skill as presented in earlier studies (Simon, Johnson,
Cavellt & Parsons, 2011; Schworm & Renkl, 2007; Yoon, Elinich, Wang, Steinmeier & Van Schooneveld, 2012;
Zohar & Nemet, 2002). When students are assisted in becoming aware of their own learning processes
(metacognition), they gain much richer understandings of the content of their learning (Thomas & McRobbie,
2001). Instructional design that is focused on providing awareness of science learning processes will help
students to develop richer cognitive understandings of the science topics that are presented in science centers
and help them in becoming more empowered life long learners.

The National Science Education Standards describes inquiry as a "set of interrelated processes by which
scientists and students pose questions about the natural world and investigate phenomena; in doing so,
students acquire knowledge and develop a rich understanding of concepts, principles, models, and theories"
(National Research Council, 1996, 214). Educational efforts intended to enhance science education and
engaging students in scientific inquiries at all grade levels is a critical component of supporting their
understanding of the practices and nature of science (Duschl, Schweingruber & Shouse, 2007). Nevertheless,
classroom inquiry remains a rare event (Abrams, Southerland & Evans, 2008). Research results strengthen early
findings that informal learning environments can play a significant role in promoting science education and
particularly in the implementation of inquiry-based methods (Marty et al., 2013; Yoon et al., 2012).

While no significant differences were found between girls and boys in the pre-questionnaire, in the post-
questionnaire the girls' scores in inquiry skill were significantly higher than boys' scores. Science skills and
factors relating to learning experiences have been associated with gender differences (Linn & Pulos, 1983).
Girls' experiences in science and math differ from those of boys, causing a low level of confidence among girls
(Linn, 1980a, 1980b). Curriculum and teaching methods affect girls' interest in science (Hdussler & Hoffmann,
2002; Jones & Young, 1995; Jarvis & Pell, 2005; Kelly, 1987). Positive attitudes affect achievement in science,
especially for girls (Haussler & Hoffmann, 2002; Osborne, Simon & Collins, 2003). Lorenzo, Crouch and Mazur
(2006) suggested eight strategies to narrow the gender gap in class. These strategies include:

e  creating an interactive environment that enhances cooperation among the students;

e alternating between group discussion and structured teaching—females perform better when they are
able to articulate their thoughts verbally, and males perform better when their learning experience is
structured; and

*  engaging in activities that decrease competitiveness.

Based on the results of this research, we can assume that the inquiry-based method might narrow the gaps
between boys and girls and even enable an advantage for girls. This assumption is in line with Hoffmann (2002)
who found that girls are more interested in natural phenomena and practical applications of theoretical
concepts.

Hands-on science centers offer an opportunity to develop students’ attitudes to science, stimulating curiosity,
inventiveness, and respect for evidence (Braund, 2004). In this research, students' attitudes toward science and
self-efficacy were investigated for both students in the "Science Research Program" and the "Preparation for
Academia Program". The students' results were relatively positive both in the pre-and the post-questionnaires.
An increase in students' mean scores was found but the results were not statistically significant. However, the
results indicate a significant advantage in attitudes and self-efficacy scores in favor of the students who
participated in the "Preparation for Academia Program" versus students who participated in the "Science
Research Program". The two programs are based on the same pedagogical principles but the main difference is
in their lengths. The program "Preparation for Academia Program" is longer (120 academic hours instead of 50).
We can assume that the program length is an important variable that effects achievement of educational goals.
The students who participated in these programs were talented and study in special science classes in their
schools. This might have contributed to their relatively positive initial attitudes toward science and self-efficacy
and thus their relative improvement in these variables was low.

The concepts of formal and informal learning have been dealt with extensively in the literature (Anderson et al.,
2003; Crane et al., 1994; Hofstein & Rosenfeld, 1996; Jarvis, 2004; La Belle; 1982; Rennie & Mclafferty, 1995;
Rodari, 2009). Falk (2001) introduced the framework of free choice learning to replace the concepts informal
and non-formal learning. The idea of free choice emphasizes the unique nature of out-of-school environments
that allow the learner to identify several learning options. Mocker and Spear (1982) claimed that the degree of
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formality is the extent to which a learner has control over both the objectives and the means of learning.
According to their model, in formal learning, institutions have control over both objectives and means. In non-
formal learning, the learner controls the objectives, but the institution controls the means. In informal learning,
the institution controls the objectives, but the learner controls the means; while in self-directed learning, the
learner controls both objectives and means.

Re-examination of the relevance of the definitions of formal and informal learning environments is required.
Free-choice learning may occur in all educational modes; the formal, and the informal. Dohn (2010)
distinguishes between the psychological level and the organizational level of formality and claims that there are
significant elements of formal learning in informal situations and elements of informality in formal situations.

Another category is required forming a three-dimension-based framework to characterize learning
environments: organizational, psychological, and pedagogical. Informal learning environments are characterized
by independence of the educational system; therefore they usually have different organizational modes. With
reference to the organizational mode of education science centers and museums may be described as informal
learning environments providing learning activities outside the school. Reference to the psychological and
pedagogical aspects in the informal learning environment may be similar to those in the formal environment.
Each learning environment should be characterized by the main attributes based on these three dimensions.
This theoretical framework will contribute to natural relations between learning situations. Experiences in
informal settings, like museums and science centers, have the potential to produce knowledge and
understanding if visitors are able to draw connections with their own prior knowledge and are able to see
connections with life experiences, in the classroom or in any other experiential aspect of life. This is in line with
Hofstein and Rosenfeld (1996) who have importantly recommended that "future research in science education
should focus on how to effectively blend informal and formal learning experiences in order to significantly
enhance the learning of science" (p. 107).

More attention to pedagogical aspects in science center activities is needed. Usually the focus is on the
psychological aspects like interest, attitudes and feelings of confidence in learning science. Bradburne (1998)
critiques that science centers which focus their activities on displays about science and scientific principles,
manifest three major weaknesses:

* they misrepresent the nature of scientific research;
* they focus on principles and phenomena rather than processes; and
* they show science out of context rather than as experienced by visitors.

Science center must move from a focus on artifacts to an emphasis on education, from didactics to empowering
the implementation of pedagogical principles.

This paper has presented an investigation of two dimensions- the psychological and the pedagogical facets of
the Sidney Warren Science Education Center for Youth at Tel-Hai College. The research suffers from some
limitations. Only quantitative research tools were used. It is important to combine qualitative tools like
interviews to get a better understanding of students' perceptions about learning processes. In addition, it would
be interesting to compare students' perceptions of science learning in school to learning in the science center.
Despite its limitations, this research has made several contributions. The research contributes to both the
theoretical and the practical facets of the educational system. The study is likely to provide deeper
understanding of the nature of student achievements in the field of science. In educational theory, a
contribution is expected to the general body of knowledge dealing with evaluation in education and, more
specifically, in researching the relationship between opportunities for learning and results. The article
emphasizes by an example of a deep investigation the importance of understanding different design features in
the learning environments that affect pedagogical and psychological aspects of learning. With regard to
practice, it provides a broad understanding of supplemental science programs and their contribution toward
advancing the science achievements of students. In addition, analysis of successful cases enables deeper
understanding of the important characteristics for efficient implementation of pedagogical resources necessary
to bring about the desired results in learning. These characteristics will become the basis for formulating a
model to guide the successful operation of science programs for effective cooperation between formal and
informal learning environments based on shared educational goals.




Journal of Technology and Science Education — http://dx.doi.org/10.3926/jotse.123

REFERENCES

Abrahams, I. (2009). Does practical work really motivate? A study of the affective value of practical work in
secondary school science.International Journal of Science Education, 31, 2335-2353.
http://dx.doi.org/10.1080/09500690802342836

Abrams, E., Southerland, S.A. & Evans, C. (2008). Inquiry in the Classroom: Identifying Necessary Components of
a Useful Definition. In: E. Abrams, S.A. Southerland, & P. Silva (Eds.), Inquiry in the Classroom: Realities and
Opportunities, (pp XI-XLII). Charlotte, NC: IAP.

Anderson, D., Lucas, K.B., Ginns, 1.S., & Dierking, L.D. (2000). Development of knowledge about electricity and
magnetism during a visit to a science museum and related post-visit activities. Science Education, 84, 658-679.
http://dx.doi.org/10.1002/1098-237X(200009)84:5<658::AID-SCE6>3.0.CO;2-A

Anderson, D., Thomas, G.P., & Ellenbogen, K.M. (2003). Learning science from experiences in informal contexts:
The next generation of research. Asia-Pacific Forum on Science Learning and Teaching, 4(1), 1-6.

Aschbacher, P.R,, Ing, M., & Tsai, S.M. (2013). Boosting student interest in science: Adults could do much more
to excite students about science as a subject and encourage their interest in science careers. Phi Delta Kappan,
95(2), 47-51. http://dx.doi.org/10.1177/003172171309500211

Aschbacher, P.R,, Li, E., & Roth, E.J. (2010). Is science me? High school students’ identities, participation, and
aspirations in science, engineering, and medicine. Journal of Research in Science Teaching, 47(5), 564-582.

Bozdogan, A.E., & Yalgin, N. (2009). Determining the influence of a science exhibition center training program
on elementary pupils’ interest and achievement in science. Eurasia Journal of Mathematics, Science &
Technology Education, 5(1), 27-34.

Bradburne, J.M. (1998). Dinosaurs and white elephants: The science center in the 21st century. Museum
Management and Curatorship, 17(2), 119-137. http://dx.doi.org/10.1080/09647779800201702

Braund, M. (2004). Learning science at museums and hands-on centers. In: M. Braund & M. Reiss (Eds.),
Learning Science Outside the Classroom (pp. 113-128). London: RoutledgeFalmer.
http://dx.doi.org/10.4324/9780203474044

Cainey, J., Bowker, R., Humphrey, L., & Murray, N. (2012). Assessing informal learning in an aquarium using pre-
and post-visit drawings.Educational Research and Evaluation, 18(3), 265-281.
http://dx.doi.org/10.1080/13803611.2012.670400

Cheng, S.K.T., & Ho, K.K. (2011). A reflective learning taxonomy for an educational tour. Education Research for
Policy and Practice, 11, 243-260. http://dx.doi.org/10.1007/s10671-011-9124-7

Crane, V., Nicholson, T., & Chen, M. (1994). 'Informal science learning’, in What the research says about
television, science museums and community-based projects. Epharata, Pennsylvania: Science Press.

Dohn, N.B. (2010). The formality of learning science in everyday life: A conceptual literature review. Nordina,
6(2), 144-154.

Dori, Y.J. (2003). From nationwide standardized testing to school-based alternative embedded assessment in
Israel: Students’ performance in the “Matriculation 2000” Project. Journal of Research in Science Teaching, 40,
34-52. http://dx.doi.org/10.1002/tea.10059

Dori, Y.J., & Herscovitz, O. (1999). Question—Posing capability as an alternative evaluation method: Analysis of
an environmental case study. Journal of Research in Science Teaching, 36, 430-441. http://dx.doi.org/10.1002/
(SIC1)1098-2736(199904)36:4<411::AID-TEA2>3.0.CO;2-E

Dori, Y.J., & Herscovitz, O. (2005). Case-based long-term professional development of science teachers.
International Journal of Science Education, 27, 1413-1446. http://dx.doi.org/10.1080/09500690500102946

Dori, Y. J., & Sasson, |. (2008). Chemical understanding and graphing skills in an honors case-based
computerized chemistry laboratory environment: The value of bidirectional visual and textual representations.
Journal of Research in Science Teaching, 45, 219-250. http://dx.doi.org/10.1002/tea.20197

Duschl, R., Schweingruber, H., & Shouse, A. (2007). Taking Science To School: Learning And Teaching Science In
Grades K-8. Washington, DC: Academies Press.

Falk, J.H. (2001). Free-choice science education, how we learn science outside of school. New York: Teachers
College Press.

Falk, J.H., & Dierking, L.D. (1992). The museum experience. Washington, DC: Whalesback Books.



http://dx.doi.org/10.1002/(SICI)1098-2736(199904)36:4%3C411::AID-TEA2%3E3.0.CO;2-E
http://dx.doi.org/10.1002/(SICI)1098-2736(199904)36:4%3C411::AID-TEA2%3E3.0.CO;2-E
http://dx.doi.org/10.1002/1098-237X(200009)84:5%3C658::AID-SCE6%3E3.0.CO;2-A
http://dx.doi.org/10.1080/09500690802342836
http://dx.doi.org/10.1177/003172171309500211
http://dx.doi.org/10.1080/09647779800201702
http://dx.doi.org/10.1080/13803611.2012.670400
http://dx.doi.org/10.4324/9780203474044
http://dx.doi.org/10.1002/tea.10059
http://dx.doi.org/10.1007/s10671-011-9124-7
http://dx.doi.org/10.1080/09500690500102946
http://dx.doi.org/10.1002/tea.20197

Journal of Technology and Science Education — http://dx.doi.org/10.3926/jotse.123

Falk, J.H., Scott, C., Dierking, L.D., Rennie, L.J., & Cohen Jones, M. (2004). Interactives and visitor learning.
Curator, 47, 171-198. http://dx.doi.org/10.1111/j.2151-6952.2004.tb00116.x

Gonzales, P, Williams, T., Jocelyn, L., Roey, S., Kastberg, D., & Brenwald, S. (2008). Highlights from TIMSS:
Mathematics and science achievement of U.S. fourth- and eighth-grade students in an international context
(NCES 2009-001 Revised). National Center for Education Statistics, Institute of Education Sciences, U.S.
Department of Education. Washington, DC.

Haury, D.L. (1993). Teaching science through inquiry. ERIC CSMEE Digest, March. (ED 359 048). Available in:
http://files.eric.ed.gov/fulltext/ED414633.pdf

Haussler, P., & Hoffmann, L. (2002). An intervention study to enhance girls' interest, self-concept, and
achievement in physics classes. Journal of Research in Science Teaching, 39, 870-888.
http://dx.doi.org/10.1002/tea.10048

Hoffmann, L. (2002). Promoting girls' interest and achievement in physics classes for beginners. Learning and
Instruction, 12, 447-465. http://dx.doi.org/10.1016/50959-4752(01)00010-X

Hofstein, A., & Rosenfeld, S. (1996). Bridging the Gap Between Formal and Informal Science Learning. Studies in
Science Education, 28, 87-112. http://dx.doi.org/10.1080/03057269608560085

Janousek, I. (2000). The context museum: Integrating science and culture. Museum International, 52(4), 21-24.
http://dx.doi.org/10.1111/1468-0033.00281

Jarvis, P. (2004). Adult education and lifelong learning: Theory and practice. London: Routledge Falmer.

Jarvis, T., & Pell, A. (2002). Effect of the challenger experience on elementary children's attitudes to science.
Journal of Research in Science Teaching, 39, 979-1000. http://dx.doi.org/10.1002/tea.10055

Jarvis, T., & Pell, A. (2005). Factors influencing elementary school children’s attitudes toward science before,
during, and after a visit to the UK National Space Centre. Journal of Research in Science Teaching, 42, 53-83.
http://dx.doi.org/10.1002/tea.20045

Jones, J., & Young, D. J. (1995). Perceptions of the relevance of mathematics and science: An Australian study.
Research in Science Education, 25, 3-18. http://dx.doi.org/10.1007/BF02356456

Kearney, C. (2010). Efforts to increase students' interest in pursuing mathematics, science and technology
studies and careers. INSIGHT- Observatory to new technologies and education. European schoolnet (EUN
partnership AISBL). Available at: http://resources.eun.org/insight/spice_kearney_mst_report_nov2010.pdf

Kelly, A. (1987). Science for girls? Milton Keynes, England and Philadelphia, PA: Open University Press.

Koster, E.H. (1999). In search of relevance: Science centers as innovators in the evolution of museums.
Daedalus, 28(3), 277-296.

Krapp, A., & Prenzel, M. (2011). Research on interest in science: Theories, methods, and findings. International
Journal of Science Education, 33, 27-50. http://dx.doi.org/10.1080/09500693.2010.518645

Krepel, W.J., & Durall, C.R. (1981). Field trips: a guideline for planning and conducting educational experiences.
Washington DC: NSTA.

Kihne, G. (1995). Researching the professional practice context: The Integrated Practice Perspectives Model.
PAACE Journal of Lifelong Learning, 4, 29-38.

La Belle, T. (1982). Formal, non-formal, and informal education: a holistic perspective on lifelong learning.
International Review of Education, 28(2), 159-175. http://dx.doi.org/10.1007/BF00598444

Larson, L.M., Stephen, A., Bonitz, V.S., & Wu, T.F. (2014). Predicting Science Achievement in India: Role of
Gender, Self-Efficacy, Interests, and Effort.Journal of Career Assessment, 22(1), 89-101.
http://dx.doi.org/10.1177/1069072713487975

Linn, M.C. (1980a). Free choice experiences: How do they help children learn?. Science Education, 64, 237-248.
http://dx.doi.org/10.1002/sce.3730640213

Linn, M.C. (1980b). When do adolescents reason?. European Journal of Science Education, 2, 429-440.
http://dx.doi.org/10.1080/0140528800020409
Linn, M.C., & Pulos, S. (1983). Male-female differences in predicting displaced volume: Strategy usage, aptitude

relationships and experience influences.Journal of Educational Psychology, 75, 86-96.
http://dx.doi.org/10.1037/0022-0663.75.1.86

Lorenzo, M., Crouch, C.H., & Mazur, E. (2006). Reducing the gender gap in the physics classroom. American
Journal of Physics, 74, 118-122. http://dx.doi.org/10.1119/1.2162549



http://dx.doi.org/10.1037/0022-0663.75.1.86
http://dx.doi.org/10.1080/0140528800020409
http://dx.doi.org/10.1111/j.2151-6952.2004.tb00116.x
http://dx.doi.org/10.1002/tea.10048
http://dx.doi.org/10.1016/S0959-4752(01)00010-X
http://dx.doi.org/10.1080/03057269608560085
http://dx.doi.org/10.1111/1468-0033.00281
http://dx.doi.org/10.1002/tea.10055
http://dx.doi.org/10.1002/tea.20045
http://dx.doi.org/10.1007/BF02356456
http://dx.doi.org/10.1080/09500693.2010.518645
http://dx.doi.org/10.1007/BF00598444
http://dx.doi.org/10.1177/1069072713487975
http://dx.doi.org/10.1002/sce.3730640213
http://dx.doi.org/10.1119/1.2162549
http://resources.eun.org/insight/spice_kearney_mst_report_nov2010.pdf
http://files.eric.ed.gov/fulltext/ED414633.pdf

Journal of Technology and Science Education — http://dx.doi.org/10.3926/jotse.123

Macdonald, S. (1998). The politics of display: Museums, science, culture. New York: Routledge.

Marty, P.F., Alemanne, N.D., Mendenhall, A., Maurya, M., Southerland, S.A., Sampson, V., et al. (2013). Scientific
inquiry, digital literacy, and mobile computing in informal learning environments. Learning, Media and
Technology, 38(4), 407-428. http://dx.doi.org/10.1080/17439884.2013.783596

Mocker, D.W., & Spear, G.E. (1982). Lifelong learning: formal, non-formal, informal, and self-directed. Columbus:
ERIC Clearinghouse on Adult, Career, and Vocational Education. Ohio State University.

National Science Education Standards (1996). National Committee on Science Education Standards and
Assessment, National Research Council. National Academy Press Washington, D.C.

OECD (2014), PISA 2012 Results: What Students Know and Can Do (Volume I). Student Performance in

Mathematics, Reading and Science. Available at: http://www.oecd-ilibrary.org/education/pisa-2012-results-what-students-
know-and-can-do-volume-i_9789264201118-en

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the literature and its
implications. International Journal of Science Education, 25, 1049-1079.
http://dx.doi.org/10.1080/0950069032000032199

Pedretti, E. (2002). T. Kuhn Meets T. Rex: Critical Conversations and New Directions in Science Centers and
Science Museums. Studies in Science Education, 37(1), 1-41. http://dx.doi.org/10.1080/03057260208560176

Pintrich, P.R., Smith, D.A. F, Garcia, T., & McKeachie, W.J. (1991). Motivated strategies for learning
questionnaire. Educational and Psychological Measurement, 53(3), 801-813.
http://dx.doi.org/10.1177/0013164493053003024

Raghavan, K., Sartoris, M.L., & Glaser, R. (1998). Why does it go up? The impact of the MARS curriculum as
revealed through changes in student explanations of a helium balloon. Journal of Research in Science Teaching,
35, 547-567. http://dx.doi.org/10.1002/(SIC1)1098-2736(199805)35:5<547::AID-TEA5>3.0.C0;2-P

Rennie, L.J., & Mclafferty, T.P. (1995). Using visits to interactive science and technology centers, museums,
aquariua, and zoos to promote learning in science. Journal of Science Teacher Education, 6, 175-185.
http://dx.doi.org/10.1007/BF02614639

Renzulli, J.S. (1979). What makes giftedness: Are examination of the definition of the gifted and talented.
Ventura, CA: Ventura County Superintendent of Schools Office.

Renzulli, J.S., & Reis, S.M. (2000). The School wide Enrichment Model: A How-To Guide for Educational
Excellence (Chinese Language Edition). Shanghai, CHINA: East China Normal University.

Rivet, A.E., & Krajcik, J.S. (2004). Achieving standards in urban system reform: An example of a sixth grade
project-based science curriculum. Journal of Research in Science Teaching, 41, 669-692.
http://dx.doi.org/10.1002/tea.20021

Rocard, M., Csermely, P., Jorde, D., Lenzen, D., Walwerg-Heriksson, H., & Hemmo, V. (2007). Rocard report:
"Science Education Now: A New Pedagogy for the Future of Europe". CECE — Spanish Confederation of Education
and Training Centre.

Rodari, P. (2009). Learning science in informal environments: people, places and pursuits. A review by the US
National Science Council. Journal of Science Communication, 8(3). Available at:
http://jcom.sissa.it/archive/08/03/Jcom0803%282009%29R02

Rosenfeld, M., & Rosenfeld, S. (2006). Understanding teacher responses to constructivist learning
environments: Challenges and resolutions. Science Education, 90, 385-399. http://dx.doi.org/10.1002/sce.20140

Sasson, |., & Dori, Y. (2006). Fostering near and far transfer in the chemistry case-based laboratory environment.
In G. Clarebout & J. Elen (Eds.), Avoiding simplicity, confronting complexity: Advance in studying and designing
powerful (computer-based) learning environments (pp. 275-286). Rotterdam, The WNetherland: Sense
Publication.

Sasson, |., & Dori, Y.J. (2011). Transfer skills and their case-based assessment. In B.J. Fraser, K.G. Tobin & C.J.
McRobbie (Eds.), The Second International Handbook of Science Education (pp. 691-711). Dordrecht: Springer.

Sasson, I. & Cohen, D. (2013). Assessment for effective intervention: Enrichment science academic program.
Journal of Science education and Technology, 22(5), 718-728. http://dx.doi.org/10.1007/510956-012-9425-5

Schworm, S., & Renkl, A. (2007). Learning Argumentation Skills Through the Use of Prompts for Self-Explaining
Examples. Journal of Educational Psychology, 99(2), 285-296. http://dx.doi.org/10.1037/0022-0663.99.2.285



http://dx.doi.org/10.1080/03057260208560176
http://dx.doi.org/10.1002/(SICI)1098-2736(199805)35:5%3C547::AID-TEA5%3E3.0.CO;2-P
http://dx.doi.org/10.1080/17439884.2013.783596
http://dx.doi.org/10.1080/0950069032000032199
http://dx.doi.org/10.1177/0013164493053003024
http://dx.doi.org/10.1007/BF02614639
http://dx.doi.org/10.1002/tea.20021
http://dx.doi.org/10.1002/sce.20140
http://dx.doi.org/10.1007/s10956-012-9425-5
http://dx.doi.org/10.1037/0022-0663.99.2.285
http://jcom.sissa.it/archive/08/03/Jcom0803(2009)R02/
http://www.oecd-ilibrary.org/education/pisa-2012-results-what-students-know-and-can-do-volume-i_9789264201118-en
http://www.oecd-ilibrary.org/education/pisa-2012-results-what-students-know-and-can-do-volume-i_9789264201118-en

Journal of Technology and Science Education — http://dx.doi.org/10.3926/jotse.123

Selguk, G.S., Sahin, M., & Acikgoz, K. (2011). The effects of learning strategy instruction on achievement,
attitude, and achievement motivation in a physics course. Research in Science Education, 41, 39-62.
http://dx.doi.org/10.1007/s11165-009-9145-x

Shulman, L.S. & Tamir, P. (1973). Research on teaching in the national science. In R.M.W. Travers. (Ed.), Second
Handbook of Research on Teaching. Chicago: Rand McNally.

Siegel, M.A., & Ranney, M.A. (2003). Developing the changes in attitude about the relevance of science (CARS)
questionnaire and assessing two high school science classes. Journal of Research in Science Teaching, 40(8),
757-775. http://dx.doi.org/10.1002/tea.10110

Simon, S., Johnson, S., Cavellt, S., & Parsons, T. (2011). Promoting argumentation in primary science contexts:
an analysis of students’ interactions in formal and informal learning environments. Journal of Computer
Assisted Learning, 28, 440-453. http://dx.doi.org/10.1111/j.1365-2729.2011.00451.x

Snir, J., & Smith, C. (1995). Constructing understanding in the science classroom: Integrating laboratory
experiments, student and computer models, and class discussion in learning scientific concepts. In D. N. Perkins,
J.L. Schwartz, M.M. West, & M.S. Wiske (Eds.), Software goes to school: Teaching for understanding with new
technologies (pp. 233-254). New York: Oxford University Press.

Tal, R., & Hochberg, N. (2003). Assessing higher order thinking of students’ participating in the “WISE” project in
Israel. Studies in Education Evaluation, 29, 69-89. http://dx.doi.org/10.1016/50191-491X(03)00016-6

Thomas, G.P., & McRobbie, C.J. (2001). Using a metaphor for learning to improve students’ metacognition in the

chemistry classroom. Journal of Research in Science Teaching, 38(2), 222-259. http://dx.doi.org/10.1002/1098-
2736(200102)38:2<222::AID-TEA1004>3.0.CO;2-S

Tobin, K., Kahle, J.B., & Fraser, B.J. (1990). Windows into science classrooms: Problems associated with higher
level cognitive learning in science. London: Falmer Press.

Trumper, R. (2006). Factors affecting junior high school students' interest in physics. Journal of Science
Education and Technology, 15, 47-58. http://dx.doi.org/10.1007/510956-006-0355-6

Von Glasersfeld, E. (1991). Knowing without metaphysics: Aspects of the radical constructivist position. In F.
Steier (Ed.), Research and reflecting (pp. 12-29). London: Sage.

Wellington, J.J. (1998). Interactive science centers and science education. Surrey: Croner Publications Ltd.

Yoon, S.A., Elinich, K., Wang, J., Steinmeier, C., & Van Schooneveld, J.G. (2012). Learning Impacts of a Digital
Augmentation in a Science Museum. Visitor Studies, 15(2), 157-170. http://dx.doi.org/10.1080/10645578.2012.715007
Zohar, A., & Nemet, F. (2002). Fostering Students' Knowledge and Argumentation Skills Through Dilemmas in
Human Genetics. Journal of Research in Science Teaching, 39(1), 35-62. http://dx.doi.org/10.1002/tea.10008

Citation: Sasson, I. (2014). The role of informal science centers in science education: Attitudes, skills, and self-
efficacy. Journal of Technology and Science Education (JOTSE), 4(3), 167-180.
http://dx.doi.org/10.3926/jotse.123

On-line ISSN: 2013-6374 — Print ISSN: 2014-5349 — DL: B-2000-2012

AUTHOR BIOGRAPHY
Irit Sasson

Received her B.Sc., M.Sc. and Ph.D. degrees in science education from the Technion- Israel Institute of
Technology. She is a faculty member at the Department of Education in Tel-Hai College, the director of the
Eastern Galilee Science Initiative, the director of the Evaluation Unit at Tel-Hai College, and a researcher at the
Golan Research Institute. Her research interests include designs of learning environments with emphasis on the
development of high-order thinking skills, and evaluation of educational projects.



http://dx.doi.org/10.1002/1098-2736(200102)38:2%3C222::AID-TEA1004%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1098-2736(200102)38:2%3C222::AID-TEA1004%3E3.0.CO;2-S
http://dx.doi.org/10.1007/s11165-009-9145-x
http://dx.doi.org/10.1002/tea.10110
http://dx.doi.org/10.1111/j.1365-2729.2011.00451.x
http://dx.doi.org/10.1016/S0191-491X(03)00016-6
http://dx.doi.org/10.1007/s10956-006-0355-6
http://dx.doi.org/10.1080/10645578.2012.715007
http://dx.doi.org/10.1002/tea.10008
http://dx.doi.org/10.3926/jotse.123

Journal of Technology and Science Education — http://dx.doi.org/10.3926/jotse.123

Published by OmniaScience (www.omniascience.com)

seience

Journal of Technology and Science Education, 2014 (www.jotse.org)

SOMIE RIEHTS RESERVED

Article's contents are provided on a Attribution-Non Commercial 3.0 Creative commons license. Readers are
allowed to copy, distribute and communicate article's contents, provided the author's and JOTSE journal's
names are included. It must not be used for commercial purposes. To see the complete licence contents, please
visit http://creativecommons.org/licenses/by-nc/3.0/es/



http://www.jotse.org/
http://www.omniascience.com/
www.omniascience.com

