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Chapter 5

The ‘Why’ and ‘How’ of Engaging Parents
in Their Children’s Science Learning
in Informal Contexts: Theoretical
Perspectives and Applications

Ai Noi Lee and Youyan Nie

Introduction

Parents can play instrumental roles in facilitating their children’s science learning
outside the formal classrooms. A number of scholars have asserted that children’s
motivation towards school activities is influenced not only by their school experi-

ences but also by their home lives in which parents play a crucial role (e.g. Crowley,

Callanan, Jipson, Galco, Topping, & Shrager, 2001; Deci, Vallerand, Pelletier, &

Ryan, 1991; Epstein, 1987; Hall & Schaverien, 2001; Ostlund, Gennaro, &

Dobbert, 1985). In fact, science education research has reported that parental

involvement in their children’s science learning outside school not only could

positively impact on their children’s motivation and academic achievement in

science but may also affect their children’s inclination towards science-related

careers in the later years (e.g. Ainley & Ainley, 2011; Dabney, Tai, Almarode,

Miller-Friedmann, Sonnert, Sadler, & Hazari, 2012; Hall & Schaverien, 2001;

Harris & Goodall, 2008; Sonnert, 2009; Zuzovsky & Tamir, 1989). It is thus

imperative to empower parents to play a more active role to support and enrich

their children’s science learning experiences outside the school.

Besides the immediate home environment, science education research has

reported that many informal learning environments outside the home and school,

such as science museums, bird parks, zoos, botanical gardens, nature parks, farms,

reservoirs, food factories or even supermarkets in the neighbourhood, can provide

good opportunities and useful resources for parents to engage their children in deep

and meaningful learning outside the formal science classrooms (e.g. Bamberger &

Tal, 2007; Bultitude & Sardo, 2012; Gerber, Marek & Cavallo, 2001; Hofstein &

Rosenfeld, 1996; Lee, 2012; Palmquist & Crowley, 2007). As children are naturally

curious about their natural surroundings and how things work in their everyday
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lives (e.g. Crowley & Galco, 2001; Rowe, 2004), their knowledge about science

could be greatly enhanced if parents are aware of how they could seize ‘teachable
moments’ in their everyday lives to effectively facilitate their children’s sense-

making and intellectual growth (e.g. Crowley & Galco, 2001; Gerber et al., 2001;

Tizard & Hughes, 2002).

In order to develop a better understanding of parental involvement in children’s
science learning in informal contexts, this article aims to draw upon perspectives

from the sociocultural theory, constructivism theory and self-determination theory

to discuss the ‘why’ and ‘how’ of involving parents in their children’s informal

science learning process. It will use examples to further illustrate how parents could

enhance their children’s science learning through engagement in intellectually

stimulating science-related conversations or activities. It will also highlight some

of the main challenges of engaging parents in their children’s informal science

learning outside the school and discuss the implications for practice.

Theoretical Perspectives on Engaging Parents in Their
Children’s Science Learning in Informal Contexts

A major goal of science education is to develop learners’ science literacy through

acquisition of scientific knowledge and scientific reasoning skills so that they can

gain a better understanding of how things work in the natural world and make

contributions to the sustainability of the natural environment and improvement of

the quality of human life (e.g. Ainley & Ainley, 2011; Crowley & Galco, 2001;

Gerber, Cavallo & Marek, 2001). Given that scientific phenomena can easily be

observed in our everyday lives, the immediate home environment and many other

informal learning contexts outside the school can in fact provide ample authentic

learning opportunities and valuable resources for parents, which many science

teachers could not easily offer in their formal science classrooms, to engage their

children in deep and meaningful science learning (e.g. Anderson, Lucas, & Ginns,

2003; Lee, 2012). Particularly, Crowley et al. (2001, p. 18) noted that parents ‘who
involve children in informal science activities provide an opportunity for children

to learn factual scientific information and to practice scientific reasoning, but they

also provide an opportunity for children to participate in a culture of learning about

science’.
Parental involvement can be conceptualised as the extent to which the parent is

interested in and knowledgeable about and takes an active part in the child’s life
(e.g. Anderson &Minke, 2007; Grolnick & Ryan, 1989). Given the fact that science

education research has widely recognised the importance of parents’ involvement

and influence on their children’s intellectual–cognitive development in science

(e.g. Callanan & Jipson, 2001; Crowley & Callanan, 1998; Crowley & Galco,

2001; Gauvain, 2001; Szechter & Carey, 2009), it is imperative to give more

attention to understand the ‘why’ and ‘how’ of engaging parents more actively in
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their children’s science learning, especially their roles and the kinds of support they
could provide to their children in their children’s science learning process in

informal contexts (e.g. Hoover-Dempsey, Walker, Sandler, Whetsel, Green, Wil-

kins, & Closson, 2005).

Importantly, a number of scholars have asserted that learning is a cumulative

process which involves making connections and reinforcement between the learn-

ing experiences a child encounters in school and at home (e.g. Anderson et al.,

2003; Crowley & Galco, 2001; Dierking & Falk, 1994; Domina, 2005; Falk &

Dierking, 1997; Lee, 2012; Rennie, Feher, Dierking & Falk, 2003). This thus means

that in order to provide a child with a more holistic science education, there is a

need to take into greater consideration the child’s learning experiences in the formal

classrooms as well as his or her learning experiences outside the school by which

parents could play a fundamental role (e.g. Callanan & Jipson, 2001; Crowley &

Callanan, 1998; Gerber, Cavallo, &Marek, 2001; Schauble, Beane, Coates, Martin,

& Sterling, 1996).

In the following sections, we will discuss the ‘why’ of engaging parents in their

children’s science learning in informal contexts from three theoretical perspectives:

sociocultural theory, constructivism theory and self-determination theory.

From the Perspectives of the Sociocultural and Constructivism
Theories

The sociocultural theory posits that a child’s learning is strongly influenced by the

interactions which take place in the child’s social contexts (e.g. Vygotsky, 1978).
From the sociocultural perspective, a learner can develop his or her intellect

through internalising concepts based on his or her own interpretation of an activity

or in communication with more knowledgeable or capable others in his or her social

contexts (Roschelle;, 1995; Vygotsky, 1978). In other words, in a child’s learning
process, meaning-making is not an isolated mental activity, but more often, this

effort is usually played out within a physical context mediated by the actions of

other significant others in the child’s social context (e.g. Clark, 2011; Falk &

Dierking, 1997; Roschelle;, 1995). Specifically in the context of informal learning,

effective parent–child conversations and interactions in everyday life can contrib-

ute significantly to enhancing the quality of children’s learning experiences outside

the school (e.g. Crowley et al., 2001; Gottfried, Fleming & Gottfried, 1998).

In addition, the sociocultural theory emphasises the importance of the ‘zone of
proximal development’ which is the difference between what an individual can do

based on his or her own ability and what he or she can do with the help from more

knowledgeable others (Vygotsky, 1978). This also suggests that meaningful learn-

ing is more likely to take place if the knowledgeable others could provide support

structures to help the learner achieve the next stage or level of learning. This process

is thus referred to as ‘scaffolding instruction’ (Jaramillo, 1996; Vygotsky, 1978).
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However, scaffolding instruction is usually temporary because the scaffolding

support can be gradually reduced or withdrawn once the learner becomes more

self-directed and competent in his or her own learning (Jaramillo, 1996; Jonassen,

1998; Vygotsky, 1978).

In the context of informal science learning, it is thus important for parents to

provide appropriate levels of scaffolds to guide their children’s learning. Given that
parents and their children share many everyday life experiences together, science

education scholars have noted that parents are in fact in the best position to acquire

knowledge about their child’s prior learning, current interest and level of motiva-

tion to enable them to provide more effective scaffolding instruction and relevant

resources to support their children’s science learning process at home and in other

informal contexts (e.g. Crowley & Galco, 2001; Dierking & Falk, 1994;

Glasersfeld, 1992; Jaramillo, 1996; Martin, 2004; Ostlund et al., 1985; Palincsar,

1998; Schauble et al., 1996).

While the sociocultural theory offers valuable theoretical insights regarding the

importance of significant others in supporting an individual’s learning process, the

importance of the interdependence of social and individual processes in the indi-

vidual’s construction of knowledge has also been noted by several scholars

(e.g. Cobb, 1994; John-Steiner & Mahn, 1996; Leach & Scott, 2003; Palincsar,

1998). Many science education scholars see the need to incorporate the construc-

tivist approaches of learning in children’s science learning to better understand the

dynamic nature of knowledge construction. Essentially, constructivist learning is

often viewed as a form of active learning which advocates the need for learners to

engage in meaningful construction of knowledge from one’s prior and current

knowledge or experiences (e.g. Chaille & Britain, 1991; Cobb, 1994; Kirschner,

Sweller & Clark, 2006). It also recognises that learning can be gradual and

assimilative at certain times and at other times significant and rapid

(e.g. Anderson et al., 2003) and that direct experience is central to one’s intellectual
development (e.g. Gerber, Marek & Cavallo, 2001; Tamir, 1990).

Fundamentally, science learning is a process of inquiry and discovery

(e.g. Crowley et al., 2001; Jonassen & Rohrer-Murphy, 1999). Moreover, authentic

science activities are often socially and contextually bound (e.g. Leach & Scott,

2003; Lee, 2012; Tamir, 1990). As such, effective science learning cannot be solely

based on textbook-based knowledge as the acquisition of deep knowledge requires

active construction through critical thinking practices and direct experiences

(e.g. Crowley et al., 2001; Hawkins & Pea, 1987; Lee, 2012). From a constructivist

perspective, it thus suggests that parents play the role of a ‘facilitator of inquiry’ to
provide opportunities for children to engage in inquiry-based, hands-on activities

instead of a ‘provider of content’who provides direct instruction and spoon-feeding
of scientific content knowledge (e.g. Lee, 2012).

For instance, parents can create opportunities for their children to engage in

science-related conversations or simple investigative science activities at home.

Meaningful science-related conversations could often be initiated when parents and

children spend quality time together to engage in daily activities such as when

watching a science programme on television, taking a walk in the garden, playing a

96 A.N. Lee and Y. Nie

youyan.nie@nie.edu.sg



game or even preparing meals in the kitchen. In fact, studies have found that

meaningful parent–child interactions can be a possible mechanism for cognitive

change in children’s learning process (e.g. Gauvain, 2001; Szechter & Carey, 2009)

and everyday parent–child conversations or discourse can contribute significantly

to children’s scientific understandings if parents are able to make use of ‘teachable’
moments at home or in other informal settings to enhance their children’s science
learning experiences (e.g. Tenenbaum & Leaper, 2003). With the advancement of

information technology (IT) and the availability of Internet, parents could also

make use of IT tools and online resources to allow their children to gain a deeper

understanding of the scientific issues and topics they may have encountered in their

textbooks or in their everyday lives (e.g. Clark, 2011; Plowman, McPake, &

Stephen, 2008).

Parents could also create opportunities for their children to engage in simple

investigative science activities or provide experiential learning opportunities

through outdoor activities or field trips to educational learning places

(e.g. Szechter & Carey, 2009). Empirically, a number of studies have examined

how parents might engage their children in home-based science-related activities

and how parents could make use of more structured educational places outside the

school (i.e. science museums, earth observatories and zoos) to support their chil-

dren’s science learning. For instance, Hall and Schaverien (2001) explored families’
engagement with their children’s science and technology learning at home over a

6-month period and found that families engaged with children’s inquiries at home

in many ways, such as by providing resources, conversing and investigating

collaboratively with children. Their findings also indicated that when families

pursued inquiries together and when children conducted their own sustained intel-

lectual searches, children’s ideas deepened. In another study, Cumming (2003)

utilised parent diaries and questionnaires to elucidate the experiences of children

aged four to seven which might contribute to their knowledge about the origin of

food and its destiny after being eaten. The findings indicated that children learn

more scientifically correct information with friends and family than teachers in the

formal science classrooms might realise and further suggested that children’s prior
knowledge acquired in informal learning settings can be utilised in classroom

discourse to promote science learning in the formal classrooms. On the other

hand, Szechter and Carey (2009) examined the nature of parent–child conversations

at an informal science education centre housed in an active gravitational-wave

observatory. They observed that parents employed a variety of strategies to support

their children’s understanding of unfamiliar topics, including describing evidence,

giving direction, providing explanation, making connections and eliciting predic-

tions. In another study, Crowley et al. (2001) videotaped family interactions at an

interactive science exhibit in the Children’s Discovery Museum in San Jose,

California. Their study suggested that when children engaged in shared scientific

thinking with their parents, they had greater opportunity to learn than when they

engaged in scientific thinking with peers or by themselves. The study also observed

that parents talked to their children about identifying, generating and interpreting

evidence. Particularly, parents assumed the role of explainer in helping their
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children to make connections between prior knowledge and new experiences or

introducing abstract principles to their children.

In essence, parents can play instrumental roles in facilitating their children’s
science inquiry outside the school. When parents are involved in their children’s
learning process outside the school, they may gain more accurate information about

their children’s abilities as well as how and what their children are learning in the

school. Such information would be useful for parents to provide more relevant

guidance for their children to maximise their children’s cognitive and

metacognitive skill developments (e.g. Pomerantz, Moorman, & Litwack, 2007).

More importantly, if parents could spend more quality time together with their

children in learning and ‘doing’ science together, they not only could help their

children learn science more meaningfully but could also strengthen the parent–child

relationship when they form partnerships with their children by learning together

(e.g. Chaille & Britain, 1991; Crowley et al., 2001; Lee, 2012).

As many science education scholars who adopted the sociocultural and con-

structivist views of learning tended to examine parental influence on the

intellectual–cognitive development of children, it is observed that parental influ-

ence on children’s psychological functioning and development in the science

learning process is often underexplored and poorly understood. As asserted by

Falk and Dierking (1997, p. 216), ‘learning is the process of applying prior

knowledge and experience to new experiences; this effort is normally played out

within a physical context and is mediated in the actions of other individuals. In

addition, learning always involves some element of emotion and feeling’. In fact,

research has found that children are likely to function competently and confidently

in contexts in which they experience significant others as being both caring and

autonomy supportive (e.g. Grolnick & Ryan, 1989; Harris & Goodall, 2008;

Joussemet, Landry, & Koestner 2008). Hence, it is imperative to develop a better

understanding of the role of parents in supporting their children’s psychological

needs and functioning in their children’s science learning process.

From the Lens of the Self-Determination Theory

Self-determination theory (SDT) posits that humans have three universal psycho-

logical needs for optimal growth and adjustment: the need for autonomy, the need

for competence and the need for relatedness (Deci & Ryan, 1985; Ryan & Deci,

2000). The need for competence involves understanding how to attain various

external and internal outcomes and being efficacious in performing the requisite

actions; the need for autonomy refers to being self-initiating and self-regulating of

one’s own actions; and the need for relatedness involves developing secure and

satisfying connections with others in one’s social contexts (e.g. Deci et al., 1991).
According to SDT, contextual conditions which provide opportunities to satisfy or

support any of these three needs are likely to facilitate an individual’s motivation,

performance and development (Ryan & Deci, 2000; Grolnick et al., 1991). On the
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other hand, contextual conditions which are controlling or coercive can interfere

with an individual’s self-determination or autonomy and are likely to alienate the

individual from his or her inner motivational resources (e.g. Jang, Reeve, Ryan, &

Kim, 2009). Generally, autonomy-supportive environments are more likely to

generate self-determined behaviours which are autonomous or intrinsically moti-

vated such that they are usually endorsed by one’s sense of self to act volitionally

and the regulatory process is choice (Deci & Ryan, 1985; Ryan, & Deci, 2000),

whereas controlling environments are more likely to generate extrinsically moti-

vated behaviours compelled by some interpersonal or intrapsychic force and the

regulatory process is often compliance or defiance (Deci & Ryan, 1985; Ryan, &

Deci, 2000).

Similarly, in the context of children’s learning, the satisfaction of these three

psychological needs is also crucial to enhancing a child’s intrinsic motivation and

self-determined behaviours to take charge of his or her own learning and devel-

opment (e.g. Deci & Ryan, 1985; Grolnick, 2012; Vansteenkiste, Sierens,

Soenens, Luyckx, & Lens, 2009). This also suggests that, in the informal science

learning contexts, it is important for parents to create a need-supportive environ-

ment which is characterised by the provision of autonomy support, structure and

involvement. As noted by Grolnick (2012), ‘. . . environments that (a) support

autonomy (vs. controlling and pressuring behavior), (b) provide structure (clear

rules, expectations, and consequences), and (c) provide involvement (resources,

tangible and intangible to children) satisfy children’s needs for autonomy, com-

petence, and relatedness, respectively’. (p. 60). In other words, it is essential that

parents provide support for competence (e.g. providing intellectually stimulating

tasks, giving praise, encouragement and constructive or positive feedback),

autonomy (e.g. allowing choice, minimising controlling language, giving mean-

ingful rationale) and relatedness (e.g. parents’ interpersonal involvement and

showing concern, consideration and respect for their children) when engaging

their children in science learning in informal contexts. An autonomy-supportive

rather than a controlling, learning environment/climate would be more effective

for parents to facilitate their children’s intrinsic motivation and self-determined

behaviours towards the learning of science (e.g. Vansteenkiste et al., 2009;

Joussemet et al., 2008).

The positive influences of parents’ autonomy support on children’s learning

outcomes such as children’s motivation, academic achievement, creativity and

psychological well-being have been noted by several scholars (e.g. Dai, Tan,

Marathe, Valtcheva, Pruzek, & Shen, 2012; Grolnick & Ryan, 1989; Hill &

Tyson, 2009; Soenens & Vansteenkiste, 2005; Vansteenkiste, Zhou, Lens, &

Soenens, 2005). For instance, a study by Grolnick and Ryan (1989) reported that

mothers’ and fathers’ provision of support for competence, relatedness and auton-

omy with respect to their children’s homework predicted the children’s maintaining

intrinsic motivation for school work and internalising the importance of school-

related activities, which in turn predicted the children’s school performance and

adjustment. In another study, Grolnick, Gurland, DeCourcey and Jacob (2002)

reported that elementary school children whose mothers interacted with them in a
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more controlling manner wrote less creative poems when alone. Their study also

highlighted the importance of context, children’s competence levels and mothers’
styles in determining levels of autonomy support. Although many studies of

parental autonomy support have been conducted using samples from the more

cultural individualistic western societies, more recently, Liu, Zhang, Zhang, Lee,

Wang and Brownell’s (2013) study which used a sample of 550 Chinese high

school students indicated that students’ autonomous motivation positively

predicted their creative thinking, and this relationship was moderated by parental

involvement characterised by autonomy support. Importantly, Liu et al.’s study also
provided support for the cross-cultural validity of SDT and the three psychological

needs for a better understanding of Eastern Asian parents’ autonomy support on

their children’s intellectual and psychological development.

In essence, when parents foster a nonthreatening, autonomy-supportive learning

environment which supports openness, questioning, reflecting and experimenting, it

is likely that their children’s intrinsic motivation to engage in science inquiries and

discoveries would be enhanced. In addition, children’s innate curiosity and crea-

tivity is more likely to flourish if there is autonomy support from parents by

providing sufficient space and time for them to explore freely and discover about

how things work around them. More importantly, when parents foster an autonomy-

supportive informal learning climate to support their children’s optimal learning,

especially by forming learning partnership with their children to learn collabora-

tively together, it is likely that parent–child interactions could be enhanced

and family bond could also be strengthened (e.g. Lee, 2012; Hoover-Dempsey

et al., 2005).

How Do Parents Support Their Children’s Science Learning
in Informal Settings?

Parental involvement in their children’s informal science education can generally

comprise three kinds of support: (1) behavioural, (2) psychological and

(3) intellectual–cognitive. Behavioural support requires parents to form learning

partnership with their children and to act as learning role models for their children.

It is important that parents could show enthusiasm and commitment in learning

together with their children, especially by participating actively in ‘doing’ science
together with their children and providing appropriate guidance to their children

whenever necessary. Psychological support requires parents to provide a nonthreat-

ening, autonomy-supportive environment/climate to support their children’s auton-
omous motivation and self-regulation in learning. It is important for parents to take

into consideration their children’s psychological needs for competence, autonomy

and relatedness in order to effectively facilitate their children’s interest towards the
learning of science. Intellectual–cognitive support requires parents to engage their

children in intellectually or cognitively stimulating activities so as to develop their
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children’s intellectual–cognitive abilities in science learning. It is especially impor-

tant that parents could provide learning opportunities for their children to engage

actively in creative and critical thinking in their problem-solving process as well as

self-directed learning in their acquisition of scientific knowledge and skills.

To further elaborate on each kind of parental support, we will provide examples/

activities to illustrate what parents can do to better facilitate their children’s science
learning at home or in other informal learning settings.

Behavioural Support

Behavioural support from parents can include engaging together with their children

in home-based science activities using simple materials or easily available

resources at home. If parents are aware that the study of science is about an

understanding of how things work in our physical and natural surroundings, many

everyday life scenarios or activities can be used to engage children in learning

science meaningfully. In essence, parents can play a more active and instrumental

role to provide meaningful learning experiences for their children if they are willing

to invest and spend more quality time with their children by participating in their

children’s science learning process in informal settings outside the school.

In fact, there is no need for parents to acquire sophisticated science equipments

or instruments to engage their children in investigative, hands-on science activities

at home. Many household items which we use in our daily lives (e.g. electrical

appliances or utensils in the kitchen) or even food items we consume

(e.g. vegetables and fruits) can enable parents and children to discuss and ‘do’
science together. Figure 5.1 shows some everyday life examples/scenarios by

which parents could engage their children in science inquiry within the immediate

home environment.

In addition, children’s familiar objects at home, such as childhood or family

photos, toys and stationery, can also be used to trigger simple science discussions or

explorations within the home among the family members. Figure 5.2 shows exam-

ples of how parents could make use of children’s everyday familiar objects such as

photos or toys to engage their children in simple science conversations and

explorations.

Nowadays, as more and more families have personal computers and other IT

gadgets in their homes, parents could easily leverage on the Internet for online

educational resources to facilitate their children’s science learning at home

(e.g. Plowman et al., 2008). Many educational technological tools or platforms as

well as online teaching aids such as video clips, animated demonstrations and

interactive online learning platforms frequently provide pedagogical support struc-

tures (e.g. Hall, 2007; Scrimshaw, 1993; Sefton-Green, 2003) and could be easily

accessible from various Internet websites. As such, they can serve as valuable

resource support for parents to enhance their children’s science learning, especially
for helping children to understand more abstract science concepts or complex
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experiments outside the formal science classroom. Essentially, the IT tools and

online educational resources can serve as ‘scaffolds’ (Vygotsky, 1978) to support

children’s understanding of abstract science concepts as well as provide interactive
learning experiences to enhance children’s learning motivation (e.g. de Jong & van

Joolingen, 1998; Hall & Schaverien, 2001). Figure 5.3 shows an example of an

IT-related science activity which parents could use or adapt to facilitate their

children’s science learning in informal contexts.

Behavioural support from parents can also include bringing children on a walk in

the gardens in the neighbourhood, field trips/excursions to educational learning

places (i.e. zoo, bird park or science museum) or even a picnic at the reservoir or

beach to allow children to learn more about the natural environment. Generally,

Fig. 5.2 Examples of how parents could engage their children in home-based science inquiry

using children’s everyday familiar objects (Sources: Lee 2008, 2009)
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Fig. 5.3 An example of IT-related science activity which parents could use or adapt to facilitate

their children’s science learning
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children can acquire broader and deeper experiences when they can be engaged in

experiential learning in outdoor activities or more structured learning from visits to

educational learning places (e.g. Dierking & Falk, 1994; Schauble & Bartlett, 1997;

Crowley & Callanan, 1998). Parents can thus seize these teachable moments to

inculcate in their children positive attitudes, values and responsibilities to protect

and ensure the sustainability of our living environment. Such learning opportunities

not only could expose children to the diversities of flora and fauna in different

habitats but also allow them to have a better understanding of how science and

technology may positively or negatively impact on our quality of living. Figure 5.4

shows examples of outdoor activities or excursions/visits to educational learning

places which parents could provide for their children’s informal science learning.

Psychological Support

Psychological support from parents entails empathic responding to children’s
feelings and expressions to allow them to be autonomous, effective agents who

take charge of their own learning (e.g. Froiland, 2011; Joussemet et al., 2008).

Psychological support from parents can thus include creating a noncontrolling,

autonomy-supportive learning environment to facilitate their children’s intrinsic

motivation in science learning. Children who are intrinsically motivated tend to

show more appreciation and enthusiasm towards and in pursuing their interests

(e.g. Froiland, 2011; Ryan & Deci, 2000). Parents who are autonomy supportive

tend to give choice, praise and encouragement to their children more often in their

children’s learning process, and they also tend to encourage their children to be

more innovative and creative, resilient and self-directed in problem-solving

(e.g. Tenenbaum, Alfieri, Brooks, & Dunne, 2008).

Particularly, children are often curious about their immediate environments

especially about the ‘why’ and ‘how’ certain things work or happen. It is important

that parents could try to encourage and cultivate their children’s learning curiosity

instead of discouraging their questions and inquiries (e.g. Soenens & Vansteenkiste,

2005; Sonnert, 2009). Parents could provide learning opportunities to encourage

their children to give their views and explanations on why certain things work or do

not work. This is because children can gain more confidence to express their ideas

or thinking when they perceive that their parents show a genuine interest by

listening to them and acknowledging their learning efforts. Sometimes, it does

not matter so much whether the children have completed a science task or inves-

tigation successfully, as long as they have put in their best effort and could offer

logical explanations for their findings or observations; it is important for parents to

openly praise or acknowledge their children’s efforts on the given task so as to

motivate them to do better in future tasks (e.g. Lee, 2012; Liu et al., 2013).

It is highly important that parents could inculcate in their children a mindset

which allows them to see failures or imperfections as part and parcel of scientific

exploration and that there is always room for improvement in every scientific
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Fig. 5.4 Examples of informal science learning opportunities from outdoor activities or visits to

educational learning places (Sources: Lee (2008, 2009)
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investigation (e.g. Crowley et al., 2001). As such, it is also equally important for

parents to adopt a mindset which views themselves as learning partners of their

children. Especially, parents need to accept that they may not always have the

answers to each of their children’s questions, and therefore, sometimes it is alright

for them to say ‘I’m not sure too. Let’s find it out together!’ (e.g. Lee, 2008, 2009).
In fact, this may be a better approach to get their children to think more critically

and further seek the answers in a self-directed manner instead of relying on their

parents to provide direct answers or explanations all the time.

Most importantly, autonomy-supportive verbal and nonverbal behaviours from

parents can critically affect their children’s learning motivation and confidence.

According to many scholars of self-determination theory (e.g. Grolnick &

Pomerantz, 2009; Kenny-Benson & Pomerantz, 2005), controlling parent commu-

nication as a form of psychological control may include pressuring children to

comply with demands (e.g. ‘You must. . ..’ or ‘You should. . .’) and often

disregarding children’s views by interrupting children’s thinking or explanations

(e.g. Froiland, 2011; Grolnick & Pomerantz, 2009; Grolnick & Ryan, 1989). Thus,

it is essential that parents are aware of their children’s level of learning readiness

and interest in order to provide more relevant tasks or appropriate scaffolds to guide

their children’s learning more effectively and refrain from forcing their ideas to

their children or coerce their children in performing tasks/activities which their

children may not feel comfortable in.

Taken together, if parents’ involvement in their children’s learning process is

autonomy supportive, it can likely create positive changes in their children’s
learning behaviours and attitudes. This is because children may internalise the

value of learning such that their learning motivation is intrinsically driven rather

than extrinsically driven over time (e.g. Grolnick & Ryan, 1989; Grolnick &

Slowiaczek, 1994). When children experience intrinsic interest, they would be

more willing to take charge of their own learning which could enhance their

academic achievement. On the other hand, when parents’ involvement is control-

ling, they may deprive children of feeling that they are autonomous, effective

learners which may lead them to be less willing to be engaged in active learning

to solve challenges on their own (e.g. Pomerantz et al., 2007). Figure 5.5 presents a

home-based activity by which parents could easily conduct for their children to

enable them to learn simple science concepts in a fun and meaningful way.

Intellectual–Cognitive Support

Intellectual–cognitive support from parents includes providing intellectual stimu-

lation in their children’s science learning process. This may thus include providing

intellectually challenging tasks as well as open-ended or guiding questions at

appropriate learning intervals to stimulate children to think further on their own

and be more self-directed in their own learning. As science learning is basically a
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process of discovery and exploration, it is important that parents play the role of a

facilitator of inquiry rather than solely a provider of content knowledge.

In fact, parents could play a critical role to facilitate the extension of science

discourse beyond the formal classroom settings. Studies have found that when

parents and children engage in meaningful conversations characterised by depth,

richness and variety, it may trigger a cognitive change in their children

(e.g. Callanan & Jipson, 2001; Callanan & Oakes, 1992; Gleason & Schauble,

2000; Tizard & Hughes, 2002; Shrager & Callanan, 1991; Snow & Kurland, 1996).

For instance, parents could engage their children in science-related conversations

over the dinner table (e.g. the edible parts of plants we eat, food nutritional value,

how food is digested) or even discovering simple science knowledge or concepts

when doing simple household chores together (e.g. what kinds of materials make up

the parts of electrical appliances, how much energy is consumed when using a

vacuum cleaner as compared to using a broom, etc). Sometimes, children’s toys can
also be a good trigger for an intellectually stimulating science conversation.

Figure 5.6 presents an activity to illustrate how parents could enhance their chil-

dren’s science learning through intellectually stimulating parent–child

conversations.

Another important goal of science education is to enable learners to develop

higher-order thinking skills such as critical and creative thinking in problem-

solving skills. Hence, parents could provide opportunities to develop their chil-

dren’s intellectual–cognitive abilities by guiding and encouraging them in planning

and carrying out a scientific investigation independently. Such opportunities not

only could allow children to construct new knowledge and apply integrated science

process skills in problem-solving but also could develop their positive values and

attitudes towards science.

For instance, creative toy-making inevitably requires children to apply a number

of scientific concepts and skills in an integrated manner in the different phases:

design, material selection and construction. This could thus provide authentic

learning opportunities for children to apply their high-order problem-solving skills

and make creative connections across topics and disciplines. Figure 5.7 presents an

activity to illustrate how parents could engage their children in using higher-order

science process skills such as in creative toy-making.

As informal learning environments are inherently multidisciplinary, they can

provide parents with the additional advantage and opportunities, which teachers in

schools seldom have, to encourage children to go beyond specific topics and subject

areas to think in a more interdisciplinary manner when solving real-life problems

(e.g. Foss & Pinchback, 1998; Lee, 2012). Particularly, real-world problems seldom

fit neatly into the confines of a single discipline, and the integration of topic areas

and subject matter content can provide greater relevancy and authenticity for the

learner’s understanding of certain scientific phenomena or issues explored

(e.g. Foss & Pinchback, 1998; Lee, 2012; White, 1985). It is thus important for

parents to provide opportunities for children to engage in interdisciplinary learning

by integrating knowledge and skills learnt from other science topics or subject areas

(e.g. language arts, role play, IT) into their problem-solving process. Parents could
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Fig. 5.7 An activity which illustrates how parents could engage their children in using higher-

order science process skills in creative toy-making (Source: Lee 2009)
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provide learning tasks for children to integrate science with language arts or even

with music and drama. The incorporation of interdisciplinary learning into chil-

dren’s informal science learning process can thus provide children with the oppor-

tunities to apply their higher-order thinking skills and creativity as a form of

integrated processes during their scientific investigations (Lee, 2012). Figure 5.8

presents an activity to illustrate how parents and children may engage in learning

simple science concepts of magnetism in puppet-making together and come up with

a puppet show for other family members.

Engaging Parents in Children’s Science Learning
in Informal Contexts: Challenges and Implications
for Practice

Although there are many widely recognised benefits of engaging parents in forming

learning partnership with their children in informal science learning outside the

school, there also exist some challenges which may have important implications for

practice. For instance, socio-economic status, parents’ educational qualifications or
cultural differences have been reported to have possible influences on parents’
involvement in their children’s out-of-school learning, but the research findings

have been mixed and inconclusive (e.g. Anderson & Minke, 2007; Hoover-

Dempsey & Sandler, 1995, 1997; Hoover-Dempsey et al., 2005; Weiss, Mayer,

Kreider, Vaughan, Dearing, Hencke, Pinto et al., 2003). Often, parents with fewer

family resources or lower educational qualifications might tend to experience more

difficulties to get themselves involved in their children’s out-of-school learning due
to limited knowledgeable support system to help address the needs of their children

(e.g. Hoover-Dempsey & Sandler, 1995, 1997; Hoover-Dempsey et al., 2005).

However, scholars have also argued that it is in fact parents’ self-efficacy (espe-

cially their perceptions of personal knowledge and skills), time and commitment

and value systems which appear to be the main factors affecting parents’ thinking
about the kinds of involvement and activities they would possibly engage with their

children in the informal learning contexts (e.g. Anderson & Minke, 2007; Hoover-

Dempsey & Sandler, 1995, 1997; Machida, Taylor, & Kim, 2002; Shumow &

Lomax, 2002; Wentzel, 1998).

In the following, we attempt to highlight and discuss three main challenges

which parents might face when considering their involvement in their children’s
science education outside the school. These three main challenges are related to

parental awareness, self-efficacy and resource support.

First, many parents are not aware that they have the potential and ability to make

a difference in their children’s informal science education (e.g. Anderson &Minke,

2007; Hoover-Dempsey et al., 2005. Especially, parents are often unaware about

the positive impacts they could have on their children’s science learning and are

unsure of the roles they could play in their children’s science learning process at
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home and in other informal settings (e.g. Lee, 2012). There is a need to increase

parents’ awareness to allow them to realise that they can in fact do much more in

enriching their children’s learning experiences outside the school if only they are

willing to invest more quality time to participate in their children’s informal

learning process.

Second, parental self-efficacy may affect parents’ decision to be involved and

engaged in their children’s informal science learning process outside the school

(e.g. Anderson & Minke, 2007; Hoover-Dempsey et al., 2005). It is not uncommon

to find parents often have the mindset that science involves many abstract concepts

and complex theories which can only be taught by the qualified science teachers in

the formal classrooms (e.g. Lee, 2012). Parents, however, do not realise that they do

not need to be a content expert in science in order to guide their children in science

learning. Instead, they could act as a facilitator of inquiry to provide a nonthreat-

ening, autonomy-supportive environment outside the school to engage their chil-

dren in meaningful science learning, and this in turn is likely to have positive

impacts on their children’s science learning outcomes.

Third, many parents tend to think that science activities and experiments can

only be conducted in well-equipped science laboratories using sophisticated sci-

ence apparatus and instrument (e.g. Lee, 2012). As a result, parents often feel that

there is very little they can do at home because of a lack of adequate equipment and

available resources to engage their children in science experiments or hands-on

activities. With this mindset, it is thus inevitable that many parents feel that science

is a difficult subject to ‘teach’ to their children and they tend to be less enthusiastic

to engage themselves in their children’s science learning outside the school.

In general, the main challenges of engaging parents to play more active and

effective roles in their children’s informal science learning are often related to

parents’ awareness and mindset, pedagogical knowledge as well as resource avail-

ability and support. This is mainly because, unlike the science teachers in schools

who are trained teaching professional, parents are generally not equipped with

pedagogical knowledge and skills. It is therefore unrealistic to expect parents to

play a role equivalent to a professional science teacher in their children’s informal

science learning process outside the school. In fact, there are a number of ways by

which science educators and teaching practitioners can do to increase parents’
awareness about the multiple roles they could play in their children’s informal

science learning as well as to change their mindsets to encourage them to participate

more actively and effectively in their children’s science education outside the

school.

For instance, at the school level, regular parental workshops/seminars could be

organised to update parents about the new trends or changes in science curriculum

and pedagogy. Schools could engage science teachers or science educators outside

the schools to conduct parents’ seminars or workshops to allow parents to better

understand what science learning is about, especially to enable them to realise that

many science concepts their children learn in school are linked to our everyday

lives so as to allow parents a greater awareness of how they could better support

their children’s science learning at home or in other informal settings (e.g. Domina,

2005; Epstein, 1987; Wallace & Walberg, 1991). Through such seminars or
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workshops, parents could acquire some basic science knowledge and facilitation

skills in order to effectively facilitate their children’s science learning at home and

in other informal settings. It is important for parents to realise that they could learn

to play the role of a facilitator of inquiry in their children’s science learning process
by giving prompts or guiding questions at appropriate intervals of their children’s
earning to support their children’s self-discovery and inquiry, instead of spoon-

feeding their children by directly giving answers or providing science content to

their children all the time. Fundamentally, science learning is a process of inquiry

and discovery with a core aim to enable children to gradually take charge of their

own learning to initiate their own inquiries and investigations as they become more

independent and self-directed in their learning. It is therefore more crucial for

parents to facilitate their children’s learning by providing opportunities for and

encouraging their children to actively engage in scientific inquiry by making

observations, asking questions, problem-solving, interpreting data and communi-

cating their findings to others through simple science activities.

Besides, schools could also get parents to be more involved in the school science

fairs, field trips or excursions, so as to allow parents to gain a better understanding

of what their children are learning in school and at the same participate collabora-

tively in their children’s out-of-school learning with the school. It is imperative for

schools to convey the value of parents’ active support for their children’s science
learning outside the school when they invite parental involvement and provide

support for guiding skills and strategies that will encourage effective parental

involvement (e.g. Hoover-Dempsey et al., 2005; Lee, 2012). Also, it would be

helpful if schools or educational learning places (e.g. zoos, botanic gardens, science

museums) could provide useful learning resources, such as ready-to-use learning

booklets or worksheets and online resources or websites which offer interactive

science learning, for parents to use or adapt for their children’s science learning at

home or when they make a visit to the educational learning places. If relevant

educational resources can be made readily available for parents to give them ideas

about what kinds of science activities can be conducted in informal settings, it

would likely enhance their willingness to engage their children in science learning

at home or in other informal settings. In addition, schools could encourage enthu-

siastic parents to come together to form parents’ interest groups or support networks
to share and exchange resources and experiences with one another about their

support for their children’s science learning outside the school. Such collaborative

parent–teacher or parent–parent interactions would help to better develop parents’
knowledge and skills to support their children’s science learning more effectively

outside the school.

At the national level, more efforts could also be given to promote science to

parents and children as a form of public education through public seminars and

talks, exhibitions or television programmes. Besides, public education could pro-

mote family bonding and quality parent–child interactions through parent–child

engagement in science activities at home or through science field trips organised by

community clubs or agencies. In this way, both parents and children are more likely

to view science as a subject which is closely and meaningfully linked to the
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everyday lives. Particularly, if public education could create more awareness

among parents for them to be more aware of their roles and responsibilities in

their children’s science education, they would likely be more encouraged to will-

ingly support and participate in their children’s informal science learning process

outside the school.

Taken together, parents need to understand that although it is good to gain a

deeper understanding of science content knowledge and pedagogical strategies in

order to support their children’s informal science learning more effectively, it is

equally important for them to foster an autonomy-supportive informal science

learning environment to facilitate their children’s optimal psychological and

intellectual–cognitive developments (e.g. Lee, 2012; Liu et al., 2013). Parents

need to feel that it is meaningful and worthwhile to engage themselves in learning

science together with their children. They need to be aware that their involvement

in their children’s science education can help not only to develop their children’s
science knowledge and skills but also their children’s positive values and attitudes

towards the use of science and technology for the sustainability of our natural

environment (e.g. Crowley & Galco, 2001). Perhaps the most effective approach for

parents to engage in their children’s informal science learning is to be learning

partners of their children to learn from as well as with their children (e.g. Clark,

2011; Lee, 2012).

Concluding Remarks

Learning in the family or with family members is probably one of the most crucial

of all educational experiences for an individual (e.g. Crowley et al., 2001; Ostlund

et al., 1985; Tizard & Hughes, 2002). Engaging parents in their children’s science
learning outside the school basically requires a genuine willingness and interest

from the parents to commit their time and effort to be engaged as learning partners

of their children. When parents begin to participate more actively in their children’s
science learning process outside the school, they are likely to not only observe

many positive influences on their children’s academic achievement, motivation and

interest in science but, more importantly, the development of a stronger parent–

child bonding in the family.
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Chapter 6

Characteristics of Chinese Learners
as Revealed from Their Affective Domain
and Choices of Science Learning in China

Yau Yuen Yeung

Introduction

Being the world’s second largest economy, Mainland China has benefitted from her

booming economy with huge increase in both the number and percentage of high

school students (especially female students) being admitted into universities over

the last two decades (National Bureau of Statistics of China, 1994, 2013). During

the same period, the USA noticed a troubling trend: ‘many of the most proficient

students. . . have been gravitating away from science and engineering toward other

professions’ as revealed from the President’s Council of Advisors on Science and

Technology (PCAST, 2010) national report to the president which outlined five

overarching priorities to prepare and inspire K-12 education in science, technology,

engineering and math (STEM) for America’s future. In the European Union (EU),

the enrolment rates and percentages of graduates in university STEM programmes

have been decreasing steadily in most of its member countries, and in particular

female students are underrepresented in those programmes (European Commission,

2004; OECD, 2008). Osborne and Dillon (2008) raised their critical reflections on

science education in Europe and proposed corresponding recommendations for the

necessary educational reform. In a word, this common concern among the

policymakers of those countries has already induced many educators and academics

to study the factors influencing recruitment, retention and gender equity in STEM

higher education (e.g. Buccheri, Gurber & Brühwiler, 2011; Lyons, 2006). Never-

theless, no similar research study or comprehensive review has ever been published

in the Western literature regarding the affective characteristics of Chinese science

learners in Mainland China.
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