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Learning to Teach Science from a Contextualized Stance

Abstract

Contextualization is a curricular approach and a learning process in which science content
knowledge is intentionally situated within a context where that knowledge can be authentically
applied or observed. Many recent science education reforms include contextualization as a
central tenet. Our goal in this review was to examine commonalities across contextualization
approaches that could inform a method for preparing teachers to lead contextualized science
learning broadly. After screening, 56 journal papers were organized into five contextualization
approaches: authentic science practices (ASP), culturally-responsive science (CRS), out-of-
classroom experiences (OOC), socio-scientific inquiry (SSI), and context-based curriculum
(CBC). The collected papers suggested that despite the approach, teachers needed to develop a
deep sense of the context, a clear understanding of the science content specific to that context,
and the pedagogical skills to effectively bring content and context together. It was also found that
contextualization usually leads to student-centered learning, even if not a specific goal of an
intervention. This review suggests that contextualization can be taught as a broad, foundational
teacher skill set that can be applied to more specific approaches. Learning this skill set will
require long-term, and intensive teacher development efforts.

Introduction

Many reforms in science education over the last twenty years, including Project-Based
Learning, Three-Dimensional Learning, Socio-Scientific Instruction, Ambitious Science
Teaching, and Culturally Responsive Pedagogy, ask teachers to connect science content to
contexts outside of the classroom. In the US, the K-12 Science Framework (NGSS) describes
instruction through authentic scenarios and examining phenomena. Curriculum in Context,
common in Europe, focuses on content that is relevant to everyday life. Socio-Scientific Inquiry
(SSI) navigates science practice and decision-making as part of the socio-cultural context.
Culturally-responsive pedagogy centers students’ cultures as contexts for establishing relevance.
While these approaches are different in important ways, they are similar in asking science
teachers to lead students through the process of connecting science content and context.

Contextualizing instruction is universally difficult but there are similarities across approaches



that can be used to prepare science teachers to effectively use these and future approaches to

contextualization.

Context is operationalized here as a set of complex, relatively stable, conditions that can
be experienced and communicated, and that have behavioral relevance for learning (Stark,
Reagh, Yassa, & Stark, 2017). Context is a social reality (Engle, Nguyen, & Mendelson, 2011),
and becomes a mediating tool when it facilitates the work of learning through authentic practice
(Vygotsky, 1978). Context always impacts learning, even when it is not explicitly addressed or
designed for. Context stimulates cognitive and affective processing for the learner (Giamellaro,
2014) and those learners have variable and subjective access to a context through curriculum and

instruction.

Contextualization is “the mechanism that connects the material and temporal world to the
world of ideas through an experience or through a series of identifiable experiences”
(Giamellaro, 2017, p. 5). It is the process of connecting science knowledge to context and this
can be done by the learner, by curriculum, or through instruction, though it must be
acknowledged that contextualized curriculum or instruction do not automatically lead to
contextualized knowledge for students (King & Ritchie, 2012; Rivet & Krajcik, 2008).
Contextualized curriculum implies an intentionality in linking content and context, not through

coincidence or as a background assumption.

As with other instructional moves, teachers must learn how to achieve contextualized
knowledge by contextualizing instruction and curriculum. Almost universally, teachers see the
utility, relevance, and importance of contextualized approaches while also noting challenges to
implementation (e.g. Rosenthal, 2018). Part of this tension is the perception that while
contextualization may be engaging for students, it can conflict with assessments or other
systemic demands (Hartmeyer et al., 2016). Further, the perceived divide between classroom
contexts, authentic science contexts, and home contexts requires teachers to learn how to bridge
those divides. The difficulties of contextualized science teaching are bound to the complexity of
the real world in general. The lack of bounded variables, clear “answers”, or well-defined

problems can be challenging for teachers and students. Further, teacher identity and belief



systems are common barriers to implementing contextualized science as the approaches ask
teachers to reframe their relationship to contexts in and outside of school (Lupion-Cobos et al.,
2017). Teachers are often reluctant to let go of their own ideas embedded in the contexts of their
lives (Can & Seribas, 2019). Similarly, teachers may avoid conceptually-difficult skills required
for contextualization and may be more likely to rely on their existing content knowledge in their
teaching (Martin-Gamez & Erduran, 2018). However, supporting teachers’ identities as
scientists, making them part of the context rather than observers, has promise for motivating

them to engage in contextualized instruction (McNeal et al., 2017; Miller & Kastens, 2017).

Extensive teacher support is needed for the implementation of contextualized science
approaches (Brown & Crippen, 2016b) that often require introspection of personal identity as
well as a wholesale change in approach to teaching. Pre-service teacher (PST) preparation
programs have limited instructional time and cannot dwell on curriculum or instructional
approaches that teacher candidates may never see in professional practice. Teachers who did not
adequately learn during their training how to use contextualized learning situations may find it
more difficult to perceive the added value. In-service teacher (IST) development programs also
suffer from very limited time, competing mandates, and a sense of innovation fatigue from
practicing teachers who are regularly inundated by new programs. In this paper we report on a
review of studies on preparing teachers for contextualized science instruction. Our goal is to
examine commonalities that could inform a method for preparing teachers to lead contextualized

science learning as a broad foundation for the spectrum of contextualization approaches.

Methods

As part of a broader study, we conducted a systematic review of published research
between 2001 and 2020 that examined contextualization in science learning, resulting in 3986
documents in English, French, or Spanish (due to fluency within the research team). The review
was initiated by searching in the Web of Science database for titles, keywords, and abstracts
which include, but are not limited to, terms and topics in science learning and/or development,
contextualization, context-based, place-based, real-world, authentic, culturally responsive,
experiential, outdoor, and fieldwork. The selection was also filtered by fields of research in

education, special studies in education, curriculum and pedagogy, psychology and cognitive



sciences, and communication and culture. For the review presented in this paper we screened this
dataset to include only articles that specifically addressed IST or PST development or support to
teach from a contextualized stance. We did not include studies in which teachers were learning
science content but not pedagogy. After applying that criteria, the sample was reduced to 131

articles.

We used general inductive qualitative data analysis to screen abstracts, review articles,
and condense the text data into categories. The articles were reviewed by at least two screeners
from the team and unclear determinations were discussed by the team. Articles were excluded if
they did not focus on science education learning or development (n=28), did not fit our definition
of contextualization (n=38) or were written in languages beyond our team’s ability (n=8). After

applying the exclusion criteria, the sample consisted of 57 articles.

Following the screening of papers we categorized the studies into similar groups. Our
labels are intended to highlight how the included studies approached contextualization rather
than the often broader goals of an individual study. The labels are the results of our analysis
rather than specific keywords used in the papers. Our analysis resulted in five general approaches
to contextualization: authentic science practices (ASP), culturally-responsive science (CRS), out-
of-class experiences (OOC), socio-scientific inquiry (SSI), and context-based curriculum (CBC).
These groupings are defined in Table 1. It is worth noting that our team recognizes other
approaches to contextualization (e.g. project-based learning, immersive technologies) that were
not represented in the sample, perhaps because this literature fails to address both the role of

contextualization and teacher development.



Table 1

Five Approaches to contextualized science education

Approach n Definition (provides teacher supports for instruction on...)

Authentic science 14 Student participation in practices that are parallel to the activity

practices (ASP) of practicing scientists. Includes teacher-scientist partnerships
and research experiences for teachers.

Culturally- 13 Using students’ socio-cultural backgrounds to frame science

responsive science content as relevant and accessible. Includes translanguaging and

(CRS) funds of knowledge.

Out-of-class 12 Fostering experiences in a non-classroom setting, including

experiences (OOC) informal and outdoor environments, to highlight or explore
science content.

Socio-Scientific 11 Couching science content within societal issues often with a

Inquiry (SSI) focus on decision-making and ethical or moral considerations.

Context-based 7 Using or developing curriculum that uses narrative devices to

curriculum (CBC)

couch science content in real and relevant scenarios. Includes
problem-based learning.

Results and Discussion

Operationalizing Contextualization

A key factor in determining the five approaches to contextualization was the way in

which each study and each group operationalized contextualization. To analyze

operationalization we categorized how each paper described how, why, and to what ends the

authors intentionally connected science content knowledge or skills to contexts outside of the

classroom. Few papers explicitly used the term contextualization.

Our first consideration was the degree to which the approaches emphasized the

importance of science knowledge versus the importance of the context itself. Were students



ultimately asked to use context to better understand science or were they asked to use science to
better understand the context? The culturally-responsive science (CRS), authentic science
practices (ASP) and context-based curriculum (CBC) groups highlight the science content
knowledge and the role of the context in helping to build understanding, motivation, relevance
and engagement. In all three approaches the context is highly-valued and students must come to
understand the nuance and details of it, but the measured learning outcomes are focused on the
science. The CRS approach asks teachers to consider the contexts that students experience
outside of class and to use those contexts to help students find relevance in the science content
they are intended to learn. In the CRS approach, science is relevant because it is part of everyday
lived experience. This work often brings contextualization into a third space in which various
contexts mingle, converge, and conflict (e.g. Handa & Tippens, 2013). Arguably, this is the most
challenging operationalization of contextualization for teachers because the contexts are broad,

varied, and difficult for the teacher to know in a meaningful way.

The ASP approach uses the context to teach science through the lived experiences and
cultures of practicing scientists. In this group contextualization is operationalized as helping
teachers and then students to see and experience how science knowledge, and often skills, are
used in authentic science research, often parallel to scientists who participate as partners in
teacher PD. The skills and knowledge are situated in specific instances of data collection and
analysis and are typically aligned to ongoing research outside of school. Examples include
Research Experiences for Teachers, teacher-scientist partnerships, and citizen science. In ASP,
science is relevant because it has real and important applications beyond school and it is

engaging work when the task is to solve real problems.

CBC approaches take a middle tack. They operationalize contextualization as showing
how science is applied in authentic science practice but focus on problems that are assumed to be
relevant to students’ daily lives. For example, this approach might focus on the safety of
genetically modified foods or lactose intolerance (de Putter-Smits, et al, 2020). Curricula focus
on context-specific, applied science, though unlike ASP they may not be tightly bound to the

practices or problems that scientists in those fields are currently working on. Unlike CRS, the



approach is generally not focused on the actual lived experience of the students. In CBC, science

is important because it can have a direct impact on your own life.

The remaining approaches, Socio-Scientific Inquiry (SSI) and out-of-classroom
experiences (OOC), value the science learning but also place a higher value on students learning
more about the context. In the SSI approach students are asked to see society as a context in
which science adds value to the public decision-making process, a space where ethics and
morality must also play a role. Many of these studies refer to an informed citizenry as a goal.
Contextualization is operationalized as a socio-cultural space where the processes and products
of science must be used to solve difficult challenges. In SSI, science is relevant because it is an
important tool for society and it is engaging because it helps us make sense of complicated

topics.

OOC approaches vary more than the other approaches on the degree to which they
operationalize contextualization as focusing on the science content or the context itself. In all of
the studies there is an intentionality about the place in which learning occurs, whether a museum,
a schoolyard, or a natural environment, and there tend to be clear science learning goals. In
OOC, science is engaging because it can be seen and experienced in specific places that reveal

otherwise inaccessible aspects of the science-context interactions.

How each approach operationalizes contextualization is more than an academic
observation. It has important consequences for how each approach is designed and enacted.
Teachers asking students to make sense of their own experiences is a very different task than
asking students to make sense of an abstract context. Similarly, applying science knowledge or
skills to an immediate experience is quite different from applying it to a hypothetical aspect of
one’s own life, and still more dissimilar from applying science knowledge to an abstract societal
problem. It is important for teacher educators to strip these approaches down to their basic
architecture and then to consider how teachers can be prepared for how and when to use each

one.



Strategies for Enactment

At the center of this review is the question of how teachers can be supported to enact
contextualized science instruction. It should be noted that although about half of the reviewed
papers considered enactment of contextualized instruction, most relied on self report of
intentions to enact in the classroom. Only a few studies included observation or measurement of

enactment, and this gap represents a much-needed opportunity for future research.

Across the dataset, there was wide agreement that teachers were interested in and
understood the value of contextualized instruction. However, many studies also reported
significant barriers to implementation, including limited instructional time, ethical concerns,
alignment to standards or testing, lack of training, and limited curriculum materials. One barrier
that is inseparable from contextualization is dealing with the complexity that is bound to real
contexts. Scholars across the approaches addressed this problem through wide-ranging means.
Within the ASP, CRS, and OOC studies, findings explicitly state that teacher PD should
incorporate immersion into the authentic environments to make sense of the complexity. This
includes collaboration with experts, practice of science skills in authentic environments, and
teacher immersion into their students’ cultures. A first step, described heavily in the SSI studies,
could include teachers learning how to problematize the complexity itself (e.g. Sadler et al.,
2006). Studies across the approaches reported better teacher outcomes when the interventions

provided specific ways for the teachers to address complexity.

Unsurprisingly, learning to manage complexity was often associated with long-term,
ongoing, and intensive PD. Non-science early childhood educators, for example, improved CRS
instruction and attitudes towards CRS only superficially after a year of intensive PD but made
much more significant gains after two years of sustained and intensive PD (Roehrig et al., 2011).
Similarly, a two-course graduate sequence helped but did not entirely overcome teachers’
difficulties with implementing SSI (Glazewski et al., 2014). Extended support in the classroom,
including coaching and mentoring, may be a more effective PD approach if trying to address the
vast conceptual and practical knowledge involved with these contextualization approaches
(Lehman et al., 2006). The cautionary tale across these studies is that learning to enact

contextualized approaches may require too vast a set of skills and knowledge to be reasonably



acquired within an isolated PD intervention and may require a concerted effort that spans PST

programs or systemic IST PD programs over multiple, intensive years.

Specific contextualization-related skills can be successfully learned in shorter time
periods, as in the case of learning the reflective judgment required for SSI (Karisan et al., 2018).
Explicit instruction of contextualization skills is shown to be effective but limited. For example,
Peters-Burton et al. (2015) showed that teachers changed their ability to apply scientific and
mathematical reasoning to data-driven, authentic problems following a cognitive apprenticeship
with scientists but then did not readily apply these changes to their own teaching. Supplementing
a teacher research experience with instruction on how to translate that to the classroom can
improve contextualization in lesson plans (Herrington et al., 2012). Lower level and field-
specific skills were shown to be more tractable than broad habits of mind. The ASP PD
experiences generally increased teachers’ planned implementation of ASPs. There is a broad call
in the SSI group and supported by papers in the other groups, for the teaching of specific skills in
PST programs that include those that bridge specific and broad contextualization skills, such as
argumentation and ethical reasoning. When a contextualization framework is lacking, teachers
often try to use contexts but fail to connect them to broader themes (Klosterman et al., 2012). A

crosscutting contextualization framework would be necessary for a systemic approach to PD.

Contextualization skills and knowledge are situated in practice. As such, they can be
effectively modeled for teachers, with the intention that the teachers learn and then teach them to
their own students. In one study, teachers developed a sense of how contextualized approaches
build student interest when the teachers acted as students and specific instructional moves were
modeled for them (Roehrig et al., 2011). Across the ASP studies, scientists as mentors were also
shown to be widely effective in helping teachers to understand how science skills and knowledge
could be contextualized in authentic practice. Again, this did not always translate to classroom
use, often in part due to teachers not seeing connections between that situated knowledge and the
assessment standards they are tasked with. Teachers must come to see contextualized approaches
as in alignment with standards, not an alternative (Sadler et al., 2006), and this, too is a skill that

must be learned.



Despite the PD approach, teacher background may be a better predictor for enacting
contextualized curriculum. Windschitl (2003) showed that teachers who were most likely to
adopt contextualized science practices were not those who had the deepest theoretical views on
the pedagogy but those who had prior professional experience or undergraduate experience using
the specific practices. Further, teachers are most likely to implement those science skills that
relate to personal pre-teaching science experiences (Sezen-Barrie et al., 2015). Because teachers
need to see the science in the given context, to understand how the science content relates to or is
applied in the context, a lack of content knowledge also can be problematic (Glazewski et al.,
2014). When elementary teachers, who may have very little science education and experience,
are asked to contextualize science, they are likely to focus on the context over content if not
supported (Yerrick & Beatty-Adler, 2011). The importance of teacher experiences implies a need
for a three-pronged approach that would include better recruitment of science professionals to
teaching careers, a greater focus on authentic science experiences in undergraduate and PST

experiences, and the provision of similar experiences during long-term IST PD efforts.

Given the importance of teacher background experience, PD seems most likely to
succeed when teacher needs are understood and the intervention is responsive to those needs. In
one CBC study, teaching experience level was a good predictor of teacher concerns with CBC
and all teachers were able to progress when their specific concerns were addressed (de Putter-
Smits et al., 2020). Papers across the SSI and CBC approaches stressed the importance of teacher
choice and agency in choosing the topics of study in order to align with teachers’ experiences
and knowledge. Both Sadler et al. (2006) and Nam et al. (2012) present classification systems to
measure the level of buy-in and support for contextualized science instruction. Both papers stress
that teachers who are focused on barriers to enactment have different PD needs than do teachers
who are trying to optimize contextualization for student learning. Formative assessment during
the PD can help to identify the changing needs over time (Roehrig et al., 2011) and involving
teachers in the planning can help to appropriately match the needs with the PD (Yerrick &
Beatty-Adler, 2011).

Curriculum development as PD, an approach that was prominent in the CBC studies, also

has promise for supporting enactment of contextualized curriculum. Developing their own

10



curriculum was empowering for teachers (George & Lubben, 2002) and they were more likely to
implement CBC when they had a significant role in developing the curriculum (Elster, 2009). A
lack of contextualized curriculum is often reported as a barrier to enactment, perhaps due to the
localized nature of the context featured in many of these approaches, and so the curriculum
development approach to PD also helps to break down this barrier. For example, the provision
and adaptation of specific curriculum materials for conducting local citizen science projects led

to a commitment of implementation for hesitant teachers in Tanzania (Boger et al., 2013).

Moving from understanding to implementation.

A second pattern in findings across the approaches is an extension of the first. When
contextualized instruction did not materialize within these studies, a disconnect between learning
and enacting was often the culprit. As one example, teachers improved specific meteorological
skills through direct experience but then had difficulty transferring the skills to the classroom
(Mandrikas et al., 2018). Indeed, the discomfort experienced by PSTs when quickly immersed in
novel pedagogical scenarios can lead to deeper entrenchment in teacher-centered instruction
(Wallace, 2013). Even with a solid theoretical understanding of a place-based approach to
contextualization, teachers had difficulty incorporating cultural contextualization into the
curriculum, particularly if they approached the work from a perspective of placing the science in
the culture, rather than finding the places where science and traditional knowledge intersect

(Nam et al., 2012).

There is a clear recognition in this body of work that there are two different steps to
contextualizing instruction: understanding the context from the perspective of the content and
THEN implementing relevant curriculum with students. As an example, a short PST experience
of working with students in a school garden left the PSTs with the perception of learning
opportunities but the PSTs still relied on teacher-centered pedagogies that did not work well with
a contextualized orientation (Rosenthal, 2018). Similarly, PSTs visiting a botanical garden for
one day changed their perspective on the potential for inquiry in an OOC setting but many
maintained a hesitant view of related pedagogy (Glackin & Harrison, 2017). Asking teachers to

learn new pedagogies as well as new content or contexts was repeatedly described as

11



overwhelming for teachers, even with PD that would be considered extensive in other fields.
Glazewski et al. (2014) found that teachers fell back to instruction on decontextualized content
knowledge when either pedagogical knowledge or understanding of context related to an SSI
was not sufficiently developed. However, there were several studies that did see positive results
when teachers received sufficient support in content, context, AND were specifically supported
to implement them in the classroom. Following a one-year, intensive, research experience for
teachers, and despite resistance to change, teachers showed a significant positive change in the
contextualized practices, a change they attributed to self-efficacy and confidence built from a
combination of the research experience and matched pedagogical instruction (Amollins et al.,

2015).

Brown & Crippen (2016a) found that having teachers critically examine their own
practice while simultaneously learning about their students’ experiences helped the teachers to
select topics and strategies that were culturally relevant but they still did not often implement in
practice after a six month training. Change in practice is hard and thus reflection on one’s
pedagogy is important (Glazewski et al., 2014). Teachers seem to be adept at leading the
development of student skills that are more removed from the context, such as the general design
of inquiry and using instruments, but less so with activities that are more embedded in the
context, such as asking testable questions, designing robust methods, or disseminating results
appropriately (French & Burrows, 2018). Recognizing these challenges, Schumacher & Reiners
(2013) helped PSTs consider implementation before they were ready to do so on their own by
asking them to evaluate videos of “authentic” contextualized lessons to determine where students
might need support. Across the OOC set, there was agreement that the more teachers are exposed

to OOC learning, the better the development of pedagogical and science knowledge.

It is clear that context, content, and pedagogy need to be scaffolded together and this
should happen in PST programs through teacher research experiences, and modeled experiences
with local contexts (Windschitl, 2003). Teacher confidence and competence need to be used as
metrics of success as they are both necessary for classroom enactment (Lindemann-Matthies et
al., 2011). There is also an urgent need for research that tracks teacher development into the

classroom to measure the effectiveness on student learning.

12



Teacher motivations and confidence with contextualization.

Teacher confidence, motivations, and beliefs were common themes throughout the
approaches, often as a barrier, and sometimes as a goal. Although identity, confidence,
motivation, belief systems, and conceptions of contextualization are distinct constructs, the lines
between them are blurred within the dataset and they collectively address the ability or likelihood
that teachers will implement contextualized science instruction. Overall, teachers seem to see the
value of contextualized instruction and waver in their motivation to enact it based on internal and

external motivations.

Teachers have multiple motivations that are both inward, they are interested in becoming
more knowledgeable in the content, as well as outward, creating opportunities for students and
teaching efficacy (Rebull et al., 2018). Teachers are often unsure of how to enact contextualized
approaches (Torquati et al., 2014). They may have the external motivations to provide learning
opportunities for their students but lack the conceptual means or background to do so. Without
well-conceived PD, contextualization can be perceived as too time consuming and a lack of
curriculum resources problematic (Kara, 2021). External factors, including momentum of
traditional curriculum, parental or student wariness of novel approaches, lack of peer support,
and uncertainty about ability to achieve science competencies, can create hesitancy to adopt CBC
(Lupion-Cobos et al., 2017). These studies suggest that brief PD experiences were not enough to
overcome perceived barriers to implementing contextualized inquiry and that motivations must

be addressed systemically.

Contextualization always implies a personal connection to a context, whether the ethical
issues of SSI, the local applications in CBC, biographical relationships in CRS, the enculturation
into science of ASP, or a sense of place through OOC. Teachers’ personal beliefs around
advocacy (e.g. environmentalism), their backgrounds, and therefore their identity as a scientist
has an impact on their motivation to contextualize with authentic problems or practices. Moral,
personal interest in topics and students can be a bigger driver than reform efforts (Lee & Witz,

2009; McNeal et al., 2017). Because contextualization often reaches outside of the perceived
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objectivity of science, cultural differences in moral, religious, and ethical values create anxiety
around teaching SSI issues for some teachers (Kapici & Ilhan, 2016). When teachers perceive
tensions between student beliefs and their own, they can be unwilling to adopt an SSI approach
(Kara, 2012). Interestingly, the topics that might cause tension were not consistent across the
geographical regions reported in these papers, suggesting again that contextualization must have

a local component and teacher supports must start with the actual needs of the teachers involved.

Local, indigenous knowledge is a rich source of contextualized science knowledge but
the way that teachers conceive of indigenous knowledge has an impact on its use in the
classroom and teachers’ ability to work it into curriculum, assessment, and overcome other
systemic barriers (Anderson et al., 2015). Teachers must reflect on and address their assumptions
about science and about indigenous knowledge (Singh-Pillay et al., 2017). Teachers who saw
CRS as a two-way exchange were more effective in finding concrete science examples within
traditional American Indian knowledge (Nam et al., 2012). Similarly, teachers are often asked to
assimilate into a culture of science that may be distant from their own. Wallace and Brooks
(2015) have shown that teachers experiencing this tension have a harder time considering the
needs and identities of their students but that when well-supported, teacher identities can change
in ways that lead to more inclusive pedagogy. Several papers caution against seeing teachers’
inner aspects as barriers and rather, encourage supported introspection and understanding of

teacher needs.

Consistent with the other themes reported here, the papers examining motivations and
confidence suggest that teachers need more contextualized experiences in order to build
motivation and confidence. Trauth-Nare (2015) specifically suggests learning experiences in
place-based settings, service learning with students, and teachers developing experiential
curriculum. In a review of four European PST programs it was found that if students have at least
two OOC experiences in their program, they are more confident to enact OOC them, but they
were not necessarily more competent in doing so (Lindemann-Matthies et al., 2011). Conversely,
a short training experience changed teacher awareness but not affinity for contextualized
ornithology (Ortiz et al., 2020). The ASP studies’ findings cumulatively emphasize the

importance of PD that models and uses the skills and knowledge of practicing scientists to
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improve teachers’ perceptions of using inquiry in the classroom. Interactions with a professional
science team, particularly the most novel aspects, increased teacher content knowledge but also
motivation and confidence to teach contextualized content even after just a short stay at a rocket
facility (Mehli & Bungum, 2013). In sum, while confidence may not lead to competence, the

reverse seems to be true and confidence may support ongoing teacher engagement.

Emergence of student-centeredness

Throughout what we consider to be science contextualization literature there is an
implicit assumption that through contextualization, individual students will be able to develop a
sense of relevance or personal meaning for the science content. It is not surprising then, that
across the approaches, student-centeredness was an outcome of supporting teachers to
contextualize the curriculum. It is surprising however, that this outcome was often described as
emergent or unexpected. Before intervention, PSTs conceptualized OOC experiences as teacher-
directed, and being disconnected from classroom instruction (Subramaniam, 2019). This was a
common starting point across the approaches, and it often reflected larger societal trends.
Tanzanian teachers, entrenched in a cultural norm of teacher-centered instruction, indicated that
highly scaffolded PD helped them to see locally relevant science issues that would lead to
bringing more of their students’ lives into the classroom (Boger et al., 2013). This led to an
increase in student-driven research. Teachers in Kenya who were hesitant to implement CBC
changed their perspectives when they saw how positively students responded to it, how students
began leading the investigations and became “actively emancipated curious learners” (Nashon &
Anderson, 2015; Anderson et al., 2015). In the Kenyan example and several others, it was the
students’ reactions that convinced the teachers to enact more contextualized, student-centered
instruction. In other cases, teachers’ own experiences as the students in PD helped them to
develop “insights into exploratory behavior” and the potential for students’ observations,
questions, and wonderings as material to work with (Hughes-McDonnell & Burgess, 2011) or to
reconceptualize science research as something that all students could do effectively (Peters-

Burton et al., 2015).
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In testing out contextualized approaches, the focus inherently moved toward students. For
example, teachers reported using a wider variety of teaching methods when using CBC and
students were more engaged (Elster, 2009). Specific contextualizing instructional moves, such as
rephrasing, modeling, and reinforcing cognate use, were shown to have a significant impact on
bridging home and school for students (MacDonald et al., 2013). PD helped ISTs change from a
focus on indirect experiences to students’ direct experiences that provided them with
expertise/authority they could bring to the table and co-construct products with the teacher
(Brown & Crippen, 2017). Intentionally shifting authority in the classroom can open the
curriculum to students’ cultural and ethnic differences and leave PSTs feeling more capable of
working with a diversity of students (Titu et al., 2018). It seems that starting with student-
centeredness can lead to contextualization or starting with contextualization can lead to student-
centered learning. This relationship deserves further investigation. Of course, teachers must be
open to these changes and one study found that a PD approach that focused on the concerns of
individual teachers allowed all teachers to move toward more student-centered instruction (de

Putter-Smits, 2020).

Teacher knowledge of local contexts.

A final pattern across the five approaches seems to add a layer to Shulman’s (1986)
categorization of teacher knowledge. In addition to knowledge of content and knowledge of
pedagogy, these papers suggest that teachers must develop a knowledge of context that plays an
equally important role in contextualized instruction. For teaching societally-relevant,
contextualized topics, such as genetic testing, teachers need to know and to be instructed in the
ethical, legal, and social aspects (van der Zande et al., 2011). Teachers’ underlying preparation,
skills, and assumptions bound to context may position them for more effective CRS. PSTs in
bilingual programs were shown to have more nuanced, more asset-oriented, and less
stereotypical understanding of cultural contexts (Tolbert & Knox, 2016). In other words, surface
level understanding of contexts may not be enough and teachers may need direct and focused

development work to more deeply understand the contexts germane to the curriculum.
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While teachers can empower students to bring their own experiences into the classroom,
students may not be willing or able to bring in cultural knowledge that is robust enough to allow
the teacher to make meaningful science connections (George, 2013). Teachers, especially expat
teachers, run the risk of students perceiving science knowledge as superior to or disconnected
from indigenous knowledge and therefore teachers must use local resources to better understand
local and indigenous knowledge (Waldrip et al., 2007). Teachers must do the work of seeking
out sources of cultural or other contextual knowledge and actively bring those into the
classroom. In Trinidad and Tobago, George & Lubben (2002) had teachers focus on local
contexts and in doing so teachers shifted their focus from student deficits to the everyday
contexts of their students. Teachers expanded their information sources, looking more externally
into the community than they were used to. Teachers experienced tensions when trying to map
this back onto a macro-level curriculum because many cultural practices and beliefs were not
clearly aligned to current science explanations. Rather than finding bridges, teachers as CBC
developers, tended to ignore them (George & Lubben, 2002). This suggests that support for
contextualization of curriculum needs to be cyclical, as teachers consider micro-level contexts

and macro-level standards.

Deep understanding of a culture or most contexts, and how they can be intertwined with
science instruction, requires long-term commitment, teacher immersion, and even communities
of practice, as Chinn (2006) showed to be effective in developing native Hawaiian-referenced
science curriculum and teacher education. Cultural contexts are not dichotomous and brief
introductions to context risk this misconception. Particularly in places with complicated
“confluences of indigeneity and modernity”, education can become a hybrid space where the
multiple cultural contexts can come to be understood individually and convergently (Handa &
Tippens, 2012). Teachers must have a role in preserving traditional funds of knowledge by
maintaining place as bound to indegenous knowledge, a goal that was achieved through PST

immersions in various villages in the Philippines (Handa & Tippens, 2012).
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Further Directions and Study Limitations

This collection of largely self-report studies provides a starting point for more objectively
examining how teachers can be supported to effectively contextualize their instruction in ways
that lead to improved learning outcomes. Only a few studies included observation or
measurement of enactment, and this gap represents a much-needed opportunity for future
research. Across these approaches researchers need to move toward tracking these teacher

interventions to determine their impact on students.

Developing and testing initial ideas that are presented through the specific instances of
these papers into crosscutting pedagogies is an important next step in this work. It would be
worthwhile to test interventions common to one approach across the other approaches. For
example, it would be worthwhile to know if teacher beliefs have as great an impact on CBC or
OOC approaches as they do within SSI. Similarly, it would be worth testing whether mentorship

can improve contextualized instruction in SSI as it does in ASP approaches.

The strength of considering all of these approaches as instantiations of a common
learning phenomenon is the ability to compare more readily across studies. To reliably do so
would require the development of instruments to measure inputs and outcomes of
contextualization (Giamellaro, 2017) and the studies presented here may provide a good starting
point. A crosscutting contextualization skills framework would be necessary for developing and
testing a systemic approach to PD. While the skills and PD strategies described here were
variably successful for supporting individual approaches, it is not clear to what extent they would
be successful across approaches. The gold standard in this field would be to create and test a PST
program that introduced all of these approaches through the lens of contextualization and
measured PSTs’ ability to translate between approaches, eventually implementing them in

practice.

Some limitations emerged as a result of this study being developed as a tangent to a
broader research effort. First, the keywords used in the orginal search were broader than the aim
of this specific study. It would be worthwhile to revisit this search with more targeted keywords.

Second, our data collection was limited to a systematic review of published research, introducing
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publication bias to our sample. We approached the work from a perspective of inclusion such
that we valued quantitative and qualitative studies, including interviews with PSTs and ISTs to
contribute to a more in-depth comprehension of the proposed strategies in this article. In so
doing, we did not have apply a metric to judge the quality or trustworthiness of the studies,
relying on peer review to serve that function. Nevertheless, our results provide researchers with
a starting point to make and test interventions common across the approaches and to develop a

potential crosscutting contextualization skills framework.

Conclusion

In order to create PST methods courses or IST PD opportunities that treat
contextualization as a common phenomenon, the field needs to better understand the
implications for how we operationalize contextualization. The five approaches described in this
review operationalize contextualization differently and this results in different ways of thinking
about science education. Is place-based science engaging because it can be seen and experienced,
revealing otherwise inaccessible aspects of the science-context interactions, or is it engaging
because the task is to solve real problems? Is science relevant because it is part of everyday lived
experience, because it has real and important applications beyond school, or because it is an
important tool for society? Is science actually perceived by students as important because it can
have a direct impact on their own lives? Probably all of these considerations are true and
important. Certainly, how one answers such questions will have an impact on how a teacher
approaches contextualization as well as on the student outcomes. The first step in such an
approach is to ask the question of why contextualization is to be used in a teaching-learning

sequence. The second step is to pick the appropriate approach to meet those goals.

If these five approaches are based on different operationalizations of contextualization,
and the skill sets needed for each are not all common, is it worthwhile to aggregate them for the
purposes of teacher education? We argue that it is. Throughout the papers we reviewed, the
authors describe similar barriers to implementation (e.g. standards, testing, time, lack of material
and professional support). If teachers can learn to overcome these barriers broadly, they are

better positioned to address them when adopting any of the other approaches, or a new approach

19



that has not yet been developed. If teachers can learn to see these barriers as applying to
contextualization broadly, they can develop transferable tools for overcoming the barriers. Also,
in considering the full breadth of approaches, there are findings from some that can inform the
others. For example, the SSI literature closely examines teacher beliefs and intentions while the
ASP literature is more focused on specific scientific skills. Findings from each can advance the

other more quickly when they are recognized as of a kind.

Perhaps the most important finding from this review is at once the most obvious and the
most underdeveloped in science teacher education: context matters. It is not just the background,
it is an essential mediating tool (Vygotsky, 1978). Teachers and their students cannot be
expected to understand context and how it relates to science content without any support for
doing so. This is a challenging problem to solve in teacher education because it is difficult,

perhaps impossible, to address at scale.

Given the right support, teachers can become more adept at teaching from a
contextualized stance, though there are no shortcuts to doing this work and teachers need to be
directly involved. Measuring and self-reflecting on beliefs, confidence, and self-efficacy seems
like a good starting place across these approaches. Providing teachers with a supported, perhaps
ongoing, immersion experience into the context could be next (Rebull et al., 2018). Some
building blocks of contextualized instruction, such as teaching authentic scientific practices
(Miller & Kastens, 2017), or surface-level context such as general patterns of research within a
domain can be learned episodically (Mishra, et al., 2019). Teachers must then be involved in
developing or adapting the curriculum but they must be supported and collaborative in this
process. They can also accelerate their contextualized science instruction by recognizing
synergies such as those that exist between students’ cultural backgrounds and local, authentic
science contexts (Tolbert & Knox, 2016). Still, transfer to new contexts can be elusive
(Mandrikas, et al., 2018) and this is a skill that must be learned by both teachers and students.
Finally, teachers need specific tools and methods for bringing together the context and content

for their students.
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The need for teachers to develop or adapt their own curriculum, to make sure it is
localized and aligned to culturally-bound morality and ethics, to make sure it is true to the
practices and understanding of science, and to deliver it in such a way that students have agency
and see relevancy is an unrealistic expectation if this work is not addressed in a long-term,
intentional, and intensive way. Teacher confidence with contextualized methods results from
competence in them. PD needs to be designed around actual teacher needs, it needs to support
teachers over the long term as they develop competence, and teachers need to experience their
students’ engagement when these approaches are enacted well. These many requirements for
success lead us to conclude that there would be benefit from ISTs and PSTs learning to teach
from a contextualized stance first and then branching out to the specific approaches. If they learn
how to become more knowledgeable about specific science content, local or germane contexts,
and the pedagogy used to bring them together, they should be able to see what student-centered
pedagogy looks like and how it is experienced by students. As contextualization emerges as a
phenomenon that crosses reform approaches, science education will benefit from the efficiency

of understanding and applying it broadly and regularly.
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