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ABSTRACT

This article illuminates the affordances of informal science learning to promote scien-
tific literacy. It also discusses the ways in which informal learning environments can
be creatively employed to enhance science instruction in K-12 as well as university
settings. Also offered are various theoretical perspectives that serve as useful analyti-
cal tools to understand science learning in formal as well as informal settings.

“Children throughout the world, if we are to survive as a planet, will need to have
a deep level of scientific literacy.” (Chiu & Duit, 2011, p. 553)

romoting a wider public understanding and appreciation of science is an

overarching goal of science literacy as underscored in science education

policy and curriculum benchmarks (CMEC, 1997; AAAS, 1989; NRC, 1996).
Key goals of scientific literacy encompass: (a) developing a deeper understanding
of science concepts; (b) developing scientific reasoning to understand the natural
and designed phenomena; (c) understanding scientific research and findings, (d) rec-
ognizing scientific ideas and issues underlying socio-scientific issues; (e) formulating
scientifically informed views and stances on issues of local and global importance;
(e) critically evaluating scientific information from various sources; (f) participating in
debates and actions around critical social, economic, scientific, and environmental
issues; and (g) pursuing careers in science, engineering, and technology (AAAS, 1993;
CMEC, 1997). Contemporary science education reform efforts thus aim to develop
scientifically literate citizens who can meaningfully contribute to socio-scientific dis-
courses and engage in social and political action around them. A deeper and critical
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understanding of scientific developments and the ways in which they impact mod-
ern societies is essential to furthering the development of sustainable approaches
and systems (Bybee, 1997; Chiu & Duit; 2011; OECD, 2009).

Much of the science education reform has focused on enhancing science
curricula and professional development of teachers in formal science learning con-
texts to meet the policy aims for science literacy. While these efforts may be very
important, we are not taking into account a good deal of emerging body of research
that stresses the influential role of informal science learning occurring through inter-
actions with one’s natural, technological, and cultural environments.

Science learning occurs in formal as well as informal contexts and it is
extremely important for science educators to understand the ways in which it influ-
ences one’s learning and views about the natural world. Although informal science
environments and experiences have been significantly shaping public attitudes
toward and understanding of science, the science education community has recently
begun to recognize its contribution to promoting scientific literacy. Informal science
learning involves social interactions and learning environments across a wide range
of contexts outside of the traditional science curriculum in school, college, and uni-
versity settings. Informal learning contexts include, but are not limited to, museums,
science exploration centers, nature centers, zoos, aquariums, and community-based
organizations. Equally important are personal experiences with machines and vari-
ous technological appliances; exposure to digital and print media; online interac-
tions; science and religion; and conversations with peers and family members around
socio-scientific and ethical issues surrounding climate change, medical practices,
stem cell research, biotechnology, and genetically modified organisms (Phillips, 2010;
Reich, 2002; Kelly, 2000; Martin & Reynolds, 1996; NRC, 1996).

What gives informal learning its distinctive flavor is its purely interest-driven,
voluntary, self-directed, hands-on, and authentic nature (Pedretti, 2006; Dierking et
al., 2003; Falk & Dierking, 1998). The potential of informal lived experiences in terms
of fostering positive attitudes and intrinsic interest in science make them a powerful
source of science learning. This informal science learning occurs in multiple contexts
where people can pursue their curiosity without having to worry about any formal
assessment against externally stipulated performance standards (Rennie, 2007; Jung
& Tonso, 2006; Schauble et al., 1996). Informal science learning is authentic because
learners develop their understandings in purposive and, therefore, authentic interac-
tions with their social and physical environments. The results of learning are more
judged against the purpose of engagement with learners’ contexts and not through
formal assessments against externally stipulated standards.
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Ideas gained from formal and informal contexts dynamically interact with
each other in unique ways to shape an individual’s scientific knowledge, opinions,
and behavior. Acknowledging that formal science curriculum is not the only source
of scientificideas and understanding the nature of learning that occurs across diverse
contexts in an individual’s life, both within and outside of schooling environments,
would help in developing a comprehensive and holistic understanding of science
learning across formal and informal contexts including how informal and formal may
complement and counteract each other (Kelly, 2000; Falk, 1997; Falk & Dierking, 1992).
This article argues that the contribution of informal science learning should be recog-
nized and viewed in conjunction with formal science education in advancing scien-
tific literacy.

This article discusses important theoretical frameworks that illuminate our
understanding of the construction of knowledge in formal as well as informal con-
texts. Next, it presents creative models of integrated science curricula drawing on
informal and formal learning approaches and findings from empirical research about
the impact of such models on cognitive, affective, and social development of stu-
dents and teachers.

Theoretical Perspectives on Science Learning

Despite its powerful impact on stimulating curiosity about the natural world
and positive emotions toward science, informal science learning remains under-the-
orized in science education. Further, the cumulative and ongoing nature of science
learning across myriad sites requires a comprehensive approach to understanding
how scientific understanding is developed in informal as well as formal learning envi-
ronments. This article draws on three theoretical frameworks that provide inclusive
approaches to examine and enhance science learning in diverse learning contexts:
(@) social constructivism, (b) socioculturalism, and (c) dynamic skills theory. These
frameworks provide a comprehensive approach needed to understand an individ-
ual’s conceptual, emotional, and historical-cultural development while engaging in
authentic as well as carefully crafted science learning experiences. These theories
of development also inform science educators about the pedagogical supports that
can be provided to deepen students’ understanding of science; develop their curi-
osity and interest in science; and foster problem-solving and critical thinking skills.
These frameworks also serve as useful lenses to analyze how people acquire, retain,
and apply scientific knowledge and the contextual factors that may enhance or
inhibit their learning.
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Social Constructivist Perspective

The view that meaning is actively constructed by the learner through purpo-
sive interaction with his or her environment challenges the perspective that regards
students as passive recipients of scientific knowledge (Piaget, 1972, 1985; Piaget &
Inhelder, 1969). The constructivist framework posits that knowledge is developed
incrementally by expanding one’s existing mental representations or schemas—
assimilation—and by modifying their schemas to resolve any discrepancies between
the external reality and their internal representations of that reality—accommo-
dation—to achieve equilibration. From this perspective, learning is conceived as a
dialectical interplay between the processes of assimilation and accommodation. An
individual constructs new knowledge by integrating new ideas into his/her existing
schemas or by restructuring the schemas to interpret new information (Piaget, 1973).
Given its emphasis on construction of knowledge through interaction with environ-
ments, this perspective encourages inquiry-based science pedagogy that embraces
cognitive conflict experienced by the learners as a useful resource. Cognitive dis-
sonance can be employed in inquiry-based science learning to help in restructur-
ing one’s intuitive ideas in accordance with accepted scientific models—conceptual
change. Encouraging children to raise questions about physical phenomena, propos-
ing predictions based on their explanations, testing their predictions, and comparing
data with their initial expectations facilitate the process of conceptual change. From
this perspective learners are construed as necessarily engaged in construction and
application of their scientific knowledge. Scholars argue that application of knowl-
edge strengthens and expands scientific understanding (Phillips, 2010; Phillips & Nor-
ris, 2000; Falk, 1997; Carey, 1987).

The social constructivist perspective is typically seen as a challenge to a per-
spective that construes learning as acquisition and memorization of scientific facts
and principles. Research shows that traditional approaches to formal science instruc-
tion generally promote rote memorization and often fail to address students’ alter-
native conceptions (Asghar & Libarkin, 2010; Asghar, 2004, 2011; Shapiro, 1994; Stead
& Osborne, 1980; Driver, 1985). Accordingly, the reform discourses construe science
understanding as the ability to comprehend and solve novel problems using appro-
priate scientific models.

Application of theoretical knowledge to real situations requires hard think-
ing aimed at making connections between theory and empirical reality. While the
first step in learning science involves developing theoretical ideas, the necessary
next step is to make predictions about the reality using those ideas. A student may
know Newton’s laws and equations of motion by heart and even learn to apply them
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to routine problems generally requiring computation. Nonetheless, a deeper knowl-
edge of physics would mean that the students could apply the laws of Newtonian
physics to situations involving forces on the Earth and in space.

The social aspect of constructivist learning emphasizes that interactions
with one’s social environment are critical to constructing and applying new scientific
knowledge. Consequently, peer interactions, discussions, collaborative reflection,
and cooperative problem-solving are central to the social constructivist perspective
(Martin, 2004; Crowley et al., 2001). The social constructivist framework provides a
useful tool to support and examine meaningful conceptual change in a variety of
formal and informal settings.

Sociocultural Perspectives

Sociocultural frameworks view learning as mediated by one’s language,
cultural tools, historical conditions, and active participation in community practices.
Scholars argue that sociocultural theory offers a robust framework to understand
and compare how students’ learning is influenced by cognitive, cultural, and social
practices in diverse formal and informal contexts (Geist & Lompscher, 2003; Martin,
2004). Further, sociocultural perspectives acknowledge and attempt to understand
the ways in which the power relations may influence learners’ inclusion, participa-
tion, and response to learning situations. According to this view, understanding of
science and socio-scientific issues grows out of one’s engagement with their unique
socio-political conditions, cultural values, and distinctive literacy practices. The
sociocultural framework serves to enable interpretation and comparison of learn-
ing across different settings. For example, one can look at students’ life culture and
compare ways in which their familial and community discourses are compatible or at
odds with school science and the culture of science (Donnelly, Kazempour, & Amir-
shokoohi, 2009; Roth & Lee, 2004; Geist & Lompscher, 2003).

The sociocultural perspective is also useful as an analytical tool as it assumes
learning and construction of knowledge as connected with and growing out of learn-
ers’ personal, social, and political problems (Cobern, 1998; Bodker, 1989; Vygotsky,
1978; Wertsch, 1985). The pedagogical approaches flowing from this perspective
encourage linkage of science concepts to the issues students confront in their every-
day lives. Furthermore, these approaches encourage participation in social and polit-
ical action around particular scientific, technological, and environmental issues in
their communities. It also attempts to blend school and community-based learning
and action through activities that have the potential to raise consciousness through
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the application of scientific knowledge to social issues. Students’ involvement in
issues relevant to their lives leads to intrinsic motivation and interest in learning sci-
ence that could be capitalized and harnessed in building their content understand-
ing and inquiry skills in formal as well as informal settings. Sociocultural perspectives
serve to broaden and contextualize structured science curricula by including cultural
venues and social issues that make science accessible and meaningful to learners
(Verma, 2009). Moreover, these perspectives help to examine, compare, and inte-
grate formal and informal learning opportunities to foster holistic development of
learners.

Dynamic Development Perspective

The dynamic skill theory provides a conceptual framework to explain
knowledge construction through the interaction of the individual with his or her
environment (Fischer, 1980; Fischer & Bidell, 1998). The skill is the capacity to organize
mental representations, emotions, and actions within a given context in relation to
a specific learning task (Mascolo & Margolis, 2004). Fischer (1980) defines skills mutu-
ally by the “organism and environment.” The construction of skills is dependent on
and embedded in the person'’s specific social context (Fischer & Bidell, 1998; Fischer
& Yan, 2002). The development of skills takes place when an individual undertakes
a learning task in the context of his or her broader environment. Moreover, an indi-
vidual’s emotional response to both the task and the environment in which it unfolds
is immensely important in shaping his or her learning and development.

Dynamic skill model offers a useful lens to examine learning comprehen-
sively in terms of learners’ emotional and conceptual development. The develop-
ment of progressively more complex skills—thoughts, feelings, and actions—is an
outcome of an individual’s specific learning tasks and the conditions in which those
tasks occur (Ayoub & Fischer, 2006; Ayoub, Fischer, & O’Connor, 2003; Fischer & Ayoub,
1996; Fischer & Granott, 1995). The dynamic skills perspective is more comprehensive
than constructivist perspectives inasmuch as it views the development of human
reasoning as a function of its social and historical contexts, and not just purposive
interaction with the physical environments independent of such contexts.

Dynamic skill theory defines a developmental scale and a series of rules
and methods for analyzing an individual’s thoughts and actions in the process of
his or her development. Skills develop as children coordinate lower-level actions into
higher-order wholes within particular tasks, conceptual domains, and sociocultural
learning situations. Human development is conceptualized in terms of progressing



Informal Science Contexts: Implications for Formal Science Learning

through four stages of development. In each stage the individual exhibits a new abil-
ity that builds upon the structures of earlier stages. The development of skills pro-
ceeds through four major tiers of developmental changes between birth and thirty
years of age: (a) reflexes, (b) sensorimotor actions, (c) representations, and (d) abstrac-
tions (Fischer & Farrar, 1987). The skills become increasingly complex and qualita-
tively different at each level through a process of “coordination” by integrating lower-
level skills into more complex and sophisticated skills (Bidell & Fischer, 1992; Fischer
& Rose, 1994). The transformation of skills as they become more complex and higher
order produces gradual and continuous changes in behaviour. For example, all skills
in the sensorimotor tier consist of sensorimotor sets—actions, objects, events, or
people. Infants can control only sensorimotor action. They act on objects in their
environment, but they have not achieved the ability to think that objects, events,
people have attributes independent of the infant’s actions. At this stage an infant can
control activities like looking at a doll for long periods of time; keeping the moving
gadgets in the field of vision; and grasping the objects when they touch the child’s
hands. The representational tier is characterized by a relationship between two or
more sensorimotor systems. The child at this level develops the potential to combine
disparate sensorimotor systems to generate single or complex representational sets.
For example, children can coordinate different variables to develop the ideas of con-
servation of mass, length, and volume. At this level intentions guide actions. In social
relations the child constructs an understanding of the relationship between his or
her own intention vis-a-vis another person’s intentions (Fischer & Bidell, 1998).

According to dynamic skill theory, learning and development involve inte-
gration and differentiation of skills—thoughts, actions, and feelings. Importantly, it
recognizes the role of affect in organizing and shaping cognitive skills (Asghar, 2004;
Ayoub & Fischer, 2006). Research shows that students with high anxiety either quit
science because they find it hard or take fewer science classes in college (Tobias,
1990, 1992, 1993). The dynamic skills model predicts a correlation between cognitive
and emotional dimensions at every general level of development. In the early stages
of development children see things in terms of positive and negative split; they con-
sider negative and positive characteristics and behaviours as mutually exclusive. Peo-
ple, actions, and experiences are either good or bad. A child, for instance, may think
that science is boring because it is difficult to understand. The skills are focused only
on the negative aspects of science. However, as the control systems become more
complex, children become aware that good and bad could exist in the same situation
and people. For example, a child understands that some aspects of science could be
fun, such as doing interesting experiments, while others could be boring, such as
repeating the same experiments many times.
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The pedagogical implications of the dynamic skills model involve its use as
an effective tool to develop appropriate contextual supports that teachers, parents,
and online communities can provide to promote students’ interest in and under-
standing of science. This model posits that individuals are able to function at higher
levels in contexts that provide high rather than low levels of social support (Asghar,
2004; Rogoff, 2003; Parziale, 1997). For example, adolescents can be supported to
develop complex abstract relations in high support contexts depending on their
level of engagement and the amount of support they are receiving from their envi-
ronment (teacher, parent, or older siblings).

Taken together, these theoretical frameworks help in conceptualizing and
analyzing science learning in various traditional and non-traditional contexts. They
can enhance science education researchers’ and practitioners’ understanding of how
learners approach their learning tasks; what they actually learn; how they relate to
their learning activities at an emotive level; and how they understand and apply their
science knowledge to solve myriad scientific issues in their broader social, political,
and cultural environments.

Infusing Informal Science Opportunities Into
Formal Science Education

“...[MJuseum field trips - regardless of type, subject matter, or nature of the les-
sons presented - result in highly salient and indelible memories. These memories
represented evidence of learning across a wide array of diverse topics.” (Falk &
Dierking, 1997, p. 216)

Informal experiences with science through interaction with myriad
resources outside of the school have become a vital source of curriculum enrichment.
Partnerships between schools, scientists, and museums may offer rich and meaning-
ful science learning opportunities for students and their teachers (Katz et al., 2011;
Kisiel, 2005, 2006). Innovative models of school-museum partnerships have been
developed to enhance student learning in science. This section presents examples of
such ongoing collaborations among schools, science museums, nature centers, and
community-based science projects.

Museums and other similar venues offer stimulating environments for
engagement in explorations. As the theoretical perspectives discussed earlier
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suggest, science learning is a social, collaborative, and cumulative process occurring
over an individual’s life in myriad settings. Research suggests that museum and other
such free-choice settings cultivate an intrinsic desire and curiosity to learn science
(Kelly, 2000; Russell, 1996). Museum exhibits and investigations can be carefully inte-
grated into science curriculum to: (a) spark students’ imagination and sense of won-
der about the natural world; (b) stimulate their interest in particular science topics;
(c) develop their questions to plan and pursue scientific investigations; (d) promote
conceptual change through discussion, reflection, and cognitive conflict; (e), orga-
nize cooperative inquiry projects, (f) extend students’ emerging understandings of
particular scientific models; (e) provide authentic problem-solving tasks; and (f) facili-
tate social interactions and cultural development.

Research suggests that teachers can design effective and interesting plans
for inquiry-based science instruction by connecting curriculum to museum exhib-
its (Anderson, Lucas, & Ginns, 2003; Kisiel, 2006; Falk & Dierking, 1992). Nonetheless,
some scholars argue that although museum fieldtrips enhance “visitor engagement,
understanding, and recall” (Allen, 2004, p. 30), it is not clear how these “fragmented”
experiences impact children’s ability to extract abstract scientific principles (Cox-
Petersen et al., 2003; Abraham-Silver, 2006; Allen, 2004; Anderson, 1994). Hence, as
educators it is our “responsibility” to “push these discrepant event experiences, these
moments of heightened curiosity, to the next level,” argues Abraham-Silver (2006, p.
12). She further adds, “Critical to meaningful science education is continued attention
to bringing authenticity into the learning experience. This is where classroom teach-
ers and informal science educators can meet and make a difference” (p. 12).

Presented below are some examples of the collaborative approaches to
construct interactive and reflective learning spaces for students by creatively infusing
informal activities into the science curriculum. The studies discussed in this section
demonstrate how less formal activities could be used to enhance science instruction
and offer evidence-based practices to augment student interest and participation in
science. Notably, these concrete activities exemplify the theoretical perspectives set
forth in the preceding section. Specifically, they illuminate how the principles and
practices of the learning theories discussed above could be employed to promote
students’ affective development and cognitive growth through creation, coordina-
tion, and integration of new representations; conceptual understanding through
discussions and interactions with their social environment; and active engagement
with their communities to address socio-scientific issues through problem-solving
and collaborative action.
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Anticipating and Scaffolding to Sustain Conceptual Change

Using the constructivist framework, Anderson and colleagues (2003) exam-
ined students’ emerging understanding of science concepts through a series of
activities before, during, and after a museum visit. This study highlighted the impor-
tance of using post-visit activities to reinforce students’ science ideas gained through
their interaction with the museum exhibits on electricity and magnetism. Students’
construction of scientific knowledge was investigated through post-visit concept
maps and interviews. This study provides evidence that an integrated series of pre-
and post-visit activities may result in conceptual change consistent with the accepted
scientific models. These findings also underscore the importance of planning pre-
and post-visit activities explicitly linked to the museum explorations to scaffold and
strengthen students’ emergent understandings. Besides supporting the develop-
ment of scientific conceptions, such activities also help in identifying and preempt-
ing the development of potential alternative conceptions in these informal science
learning venues.

Making Science Learning Meaningful Through Situational Resources

Employing the situational approach, Dohn (2011) examined how high school
biology students’ interest in learning emerged during a field visit to an aquarium. This
case study particularly illuminated the situational factors that stimulated students’
motivation to engage in science learning regardless of prior interest. The aquarium
visit was a part of a 10-week unit on ecology and population biology. The students
prepared for the aquarium visit by first reading a scientific text about ecology. The
reading helped them to select particular organisms to observe during the aquarium
visit. Post-visit activities in the classroom included evaluation and follow-up learning
experiences related to the aquarium trip. The researchers used participant observa-
tions, video recording, and interviews to examine student learning. The following
situational factors significantly contributed to student learning: (@) knowledge-based
interest; (b) social interactions and cooperative learning while performing the tasks;
(c) hands-on sensory experiences with different kinds of organisms; (d) surprising
or unexpected discoveries related to biodiversity during field explorations; and (e)
novel or unusual phenomena observed during the field trip.

Synergy Between Science, Technology, and Society as an Aid to
Learning

Dori and Tal (2000) shared a unique collaborative model of an integrated
science, technology, and society (STS) curriculum involving 6th graders, teachers,
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parents, and local community members. This curriculum drew on synergistic school-
community partnerships around environmental issues. These collaborative proj-
ects creatively combined formal and informal learning and assessment approaches,
such as problem-based learning activities, case studies, field trips, and formal class
sessions. Parents, teachers, and local community experts worked with students in
groups to help them select project themes concerning industrial and environmental
awareness (e.g., road improvement, waste industry, etc.). These groups also decided
upon the criteria for designing products related to their chosen project themes
through mutual consultation. Care was taken to develop projects that could poten-
tially contribute to the township community. The groups also carefully considered
the environmental impact of their products and developed appropriate solutions
to address any unfavorable effects on the environment. Some examples of the col-
lectively designed products were: a wastebasket with various recycling bins, and a
lighted map to help locate each home in the community. A combination of informal
and formal assessment strategies was employed to gauge learning outcomes, such
as evaluation of collaborative products by local experts and assessment of students’
conceptions and attitudes through pre- and post-course instruments. These evalua-
tion measures revealed significant improvements in students’ knowledge, attitudes,
and problem-solving skills. Further, students developed a more comprehensive
understanding of real-world environmental problems and their social, economic,
and political consequences.

Learning to Teach Science: Affordances
of the Informal

Teaching science is far more complex and involved than merely classroom lec-
tures and textbook reinforcement; it requires hands-on activity, but it also calls
for minds-on explorations that engage learners in thoughtful, reflective inves-
tigations that promote hypothesizing and questioning and foster a genuine
interest and curiosity in the subject. (Kelly, 2000, p. 758)

Continued professional development of teachers is key to effective integra-
tion and implementation of informal learning approaches in science instruction. Prac-
titioners and scholars have identified particular principles of effective professional
development for science teachers in accordance with the goals of science education
reform. These principles focus on (a) building teachers’ knowledge of the nature of
science and its epistemological foundations; (b) deepening teachers’ understanding
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of science concepts; (c) developing their pedagogical content knowledge; and (d)
immersing teachers in real-world science problems and processes (Loucks-Horsley
et al,, 2003; NRC, 1999). Nonetheless, many science teachers experience a discon-
nect between the traditional instructional approaches used in their methods courses
and those that they are expected to use in their classroom practice (Katz et al., 2011;
Topcuy, Yilmaz-Tuzuun, & Sadler, 2011; Riedinger et al., 2011).

Research suggests that teachers’ positive feelings and attitude toward sci-
ence impact their teaching and curricular decisions (Kelly, 2000). Informal science
experiences have been shown to increase teachers’ interest in and appreciation of
science. Studies with teachers in museum settings indicate that interactions with
exhibits and subsequent reflections on their learning and struggles help teachers
integrate, understand, and apply their pedagogical content knowledge to develop
inquiry-based lesson plans for their own students (Riedinger et al., 2011; Jung &
Tonso, 2006).

Different models of teacher education have been developed to make pro-
fessional preparation meaningful and culturally relevant for teachers by infusing
informal learning opportunities into science education curricula. Presented here are
a few examples of elementary science methods courses that illustrate the ways in
which science preparation programs can benefit from informal learning spaces.

Integrating Outreach Activities and Virtual Tours Into Science
Methods Courses

Riedinger and colleagues (2011) conducted an experimental study with
prospective elementary teachers in an undergraduate science methods course.
The treatment course included various components of informal science education
including live animal demonstrations, guest lectures by informal science educators,
and “virtual fieldtrips” to museums. Different sources of data included field notes,
researchers’ reflections, student evaluations, and pre/post-surveys to investigate pre-
service teachers’ beliefs about the nature of science.

The course instructors invited science educators to share informal outreach
initiatives with the teacher candidates. The prospective teachers experimented with
informal activities with their peers or their families and reported their findings to the
whole class. They also adapted some outreach activities for their future classrooms.
Another interesting feature of this curriculum was the use of guided virtual fieldtrips
to museums and exploration of online exhibits on climate change. Discussions on



Informal Science Contexts: Implications for Formal Science Learning

such experiences sought ways of incorporating the informal online activities into for-
mal science lesson plans. The study found that the prospective teachers in the treat-
ment group experienced significant transformations in their attitudes toward and
appreciation of science. The authors attribute this change in attitudes to the affective
components of informal science learning.

Student Teaching at a Science Museum

Kelly (2000) describes the impact of informal learning experiences on
prospective teachers’ pedagogical content knowledge. Besides observing actual
elementary classrooms and practice teaching with small groups of elementary stu-
dents, the teacher candidates developed teaching units and implemented them at
a local science museum with small groups of students. The rich environment of the
museum sparked students’ interest and engagement with science explorations. Data
were gathered through a variety of tools to assess the effectiveness of the course.
These data included interviews with the course participants and graduates and
observations of the science units implemented at the museum. Pre- and post-course
questionnaires were also administered to gauge students’ attitudes toward science,
confidence in their teaching ability, and knowledge of content, pedagogy, and learn-
ing environments.

The informal learning environment served to promote a deeper under-
standing of scientific concepts, fostered teachers’ problem-solving capacities, and
reflective practice. Specifically, the informal experiences focused on the acquisition
and applications of science content and relevant pedagogical knowledge to their
teaching practice through hands-on inquiry, group work, dialogue, and reflec-
tive journals. Teacher candidates reported an increased confidence in their ability
to creatively employ museum resources to promote children’s inquiry skills and
understanding of science. In this process they also developed a sophisticated under-
standing of the content related to the museum explorations that they used in their
teaching units (e.g., microbiology, light, color). Doing science in a “non-structured”
resource-rich environment was rewarding and so was the process of learning differ-
ent concepts with children during the hands-on activities. Not only did they learn
about science, but they also learned about how scientific knowledge was created
through a purposive engagement with their environment. These interactive experi-
ences also changed their initial views of science as boring, uninteresting, and based
only on hard facts. Interviews with some graduates of this program who were teach-
ing in schools suggested that they were using elements of their museum learning
units in their classroom teaching.
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The author notes that “even a single science methods course based on a
holistic, constructivist approach can reform and enhance teacher knowledge, con-
fidence, and attitudes and may lead to the utilization of constructivist strategies in
teaching science in the elementary science classroom” (Kelly, 2000, p. 772).

Enacting Safe Spaces to Support Teachers’ Learning

Jung and Tonso (2006) conducted a similar study with pre-service elemen-
tary teachers to look at ways to support them in developing effective content peda-
gogical knowledge. They also explored the potential of out-of-school settings, such
as museums and nature centers to create safe, supportive, and nurturing spaces for
student teaching. The rich and robust informal learning environments provided sites
of meaningful application of the knowledge and skills gained in the science methods
course. Student teachers prepared and taught thematic units to small groups of chil-
dren at a museum or nature centers. Data were collected through participant obser-
vations of teachers’ lessons, surveys, and interviews with student teachers. Teacher
candidates received training from scientists and museum or nature center educa-
tors about the learning resources and science concepts involved in the exhibits and
activities. The factors that were immensely appreciated by the teachers constituted
team-teaching; a flexible environment where they could figure out their own peda-
gogical styles; and no fear of evaluation as they received a grade for completing their
teaching assignments. The authors suggest that the use of safe spaces in informal
settings can potentially contribute to reform efforts in science education. Further,
interactions with scientists and science education experts enhanced teachers’ scien-
tific knowledge and also helped in diagnosing and addressing their alternative con-
ceptions.

The principles and theories of learning discussed in this article and the stud-
ies with children and teacher support the assertion that science learning cannot be
confined to lectures, rote memorization, and an isolated set of laboratory experiments
disconnected from learners’ everyday lives. Science learning is a lifelong process that
occurs in multiple contexts through varied personal, social, and political experiences.
Thus science learning should be understood, analyzed, and imparted holistically
across formal and informal contexts. The challenge for science educators, practitio-
ners, and researchers is how to harness these learning affordances effectively. Further
research is needed to examine the factors that can contribute to sustained learning,
motivation, and self-regulation in science education.
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