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Abstract Native Science Field Centers (NSFCs) were created to engage youth and adults

in environmental science activities through the integration of traditional Native ways of

knowing (understanding about the natural world based on centuries of observation

including philosophy, worldview, cosmology, and belief systems of Indigenous peoples),

Native languages, and Western science concepts. This paper focuses on the Blackfeet

Native Science Field Center, the Lakota Native Science Field Center, and the Wind River

Native Science Field Center. One of the long-term, overarching goals of these NSFCs was

to stimulate the interest of Native American students in ways that encouraged them to

pursue academic and career paths in science, technology, engineering, and mathematics

(STEM) fields. A great deal can be learned from the experiences of the NSFCs in terms of

effective educational strategies, as well as advantages and challenges in blending Native

ways of knowing and Western scientific knowledge in an informal science education

setting. Hopa Mountain—a Bozeman, Montana-based nonprofit—partnered with the

Blackfeet Community College on the Blackfeet Reservation, Fremont County School

District #21 on the Wind River Reservation, and Oglala Lakota College on the Pine Ridge

Reservation to cooperatively establish the Native Science Field Centers. This paper pre-

sents a profile of each NSFC and highlights their program components and

accomplishments.
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Whatever you take from here, walk with it, take it on your life journey and carry on

these teachings. Keep in mind all of what you are learning. You are learning two

cultures, and you are going to walk with those. And our people are going to be strong

again, and we are going to work with our white brothers and sisters and teach them

what we know.

(Lakota NSFC Community Advisory Board interview with Elder, n.d.)

Forming the Native Science Field Centers

Hopa Mountain—a Bozeman, Montana-based nonprofit—partnered with the Blackfeet

Community College on the Blackfeet Reservation, Fremont County School District #21 on

the Wind River Reservation, and Oglala Lakota College on the Pine Ridge Reservation to

cooperatively establish the Native Science Field Centers. Although the NSFCs continue to

build upon the positive impacts described in this case study, they are no longer in operation

in the same capacity as described in this article. This is due to transitions in funding

sources as well as programming. This paper presents a profile of each NSFC and highlights

their program components and accomplishments. Outcome data extracted from an inde-

pendent case study conducted in 2011–2012 is also included. This research study addressed

the following target question: ‘‘What are the motivations, interests, and benefits for Native

American youth who regularly attend an informal science education program that incor-

porates traditional knowledge, values and language?’’

In the 2011–2012 case study, survey data collected from 69 NSFC seasoned youth

participants (those participants involved in two or more seasonal activities and/or involved

in the NSFC program for consecutive years) indicated there were significant impacts in

three target areas (interest, motivation, and benefits) among participating youth through

their involvement in the NSFC program (Valdez 2012). The outcomes show significant

growth and influences in participating youth towards engaging in STEM opportunities that

are rich with cultural relevancy and apply Native worldviews.

For the purposes of this paper, NSFC programs are examined through a cross-case

analysis identifying similarities, differences, themes, and lessons learned that help artic-

ulate implications for future NSFC initiatives. It is important to note that while the three

NSFCs have several commonalities, they were separate entities (i.e., cases) independent of

one another. The cross-case analysis is not intended to be a program comparison per se;

rather, it is meant to elucidate the strengths and uniqueness of each program relative to its

specific cultural context. Further, this technique captures variations in approaches to

program implementation, curricular components, and the degree to which informal science

education has been manifested at the community level.

Context and background of the Native Science Field Centers

In the face of social transformation, colonization, displacement and forced assimilation,

Indigenous communities persist to maintain their unique worldviews and systems of

knowledge associated with them. The survival and ongoing recognition of these knowledge

systems has been attributed to an adaptive integrity that carries both intergenerational and

cross-cultural value (Barnhardt and Kawagley 2005). As Indigenous knowledge and

Western science converge, both Native and non-Native scholars address some of the
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complexities rooted in differing worldviews. For example, Indigenous science knowledge

is associated with experiential learning and practical applications while Western science is

often decontextualized and compartmentalized for a classroom or textbook environment. In

relationship to the learner, Indigenous knowledge frequently differs from Eurocentric

knowledge systems by acknowledging both the empirical/experience-based and the nor-

mative/social values-based qualities simultaneously (Battiste 2002). It has also been noted

that traditional Indigenous knowledge is most often distinctively spatially oriented and

relational in nature while Western science retains a more temporal and isolated focus

(Pierotti and Wildcat 2000). Although these broad patterns between different knowledge

systems exist, heterogeneity within Indigenous and Western sciences also justifies recog-

nition and brings unique challenges for cross-cultural understanding (Aikenhead and

Ogawa 2007).

Among all of these complexities, one significant characteristic that bears acknowl-

edgement is that Native ways of knowing must also contend with the enduring effects of

hundreds of years of imposed Western authority over features of Indigenous knowledge,

language and cultural practices (Tuhiwai Smith 1999). In the past, education was a

mechanism used to assimilate Native American children in an attempt to change beliefs

and values, thus removing culture and identity. Today we realize the historical manifes-

tations of these actions in the severe underrepresentation of Native Americans in STEM

fields, both in terms of enrollment as quantified below and in terms of representation of

knowledge. Lack of engagement of Indigenous students has been attributed to theoretical

differences in producing Western versus Indigenous knowledge, the nature of the

instructors and learners, and the inherently colonizing characteristics of the education

system (Abrams, Taylor and Guo 2013). Contemporary scholars continue to research and

explore the historical and epistemological explanations behind these disparities and rec-

ognize the need to better understand the context specific environments that students learn

science in (Bang and Medin 2010). To better contextualize our own study we discuss the

need for Native Americans in higher education and the STEM fields as well as a model for

supporting underrepresented populations through more culturally-responsive science

education.

Culturally responsive education to support Native students in science

American Indians/Alaska Natives have historically been underrepresented in higher edu-

cation. For instance, they represented about 1 % of total enrollment in colleges and uni-

versities in 2006 (National Center for Education Statistics 2008). As one might expect

when looking at these statistics, Native American enrollment and degree attainment in

STEM disciplines remains relatively low, and minority groups remain underrepresented in

STEM careers. Demographics indicate that only 11 % of the workforce in STEM occu-

pations includes African Americans, Latinos, and American Indian/Alaska Natives

(Chubin, May and Babco 2005). There is a growing need for Native students to complete

high school and pursue college degree programs in the STEM fields. Tribal communities

need the expertise of Native scientists to (a) help retain tribal languages, cultures, and

identities; (b) manage tribal resources; (c) support tribal political and economic develop-

ment; and (d) work with mainstream institutions. There is also a need to diversify the

STEM workforce by creating career opportunities for Native professionals.

Many students may find that learning science in school is like navigating a foreign

culture because some cultural interactions and practices are incongruent with their own

cultural practice of science. The Western science paradigm often contradicts a student’s
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cultural orientation. Thus, classroom science instruction may have adverse effects on the

student and how they further develop their worldview. Moreover, if left unchecked, this

process may have negative effects on a student’s self-worth and impede their learning

(Aikenhead and Jegede 1999).

Justification for the inclusion of Native American culture and language throughout the

curriculum has been made for over 40 years (Senate Special Subcommittee on Indian

Education 1969). There is evidence to suggest that integrating students’ experiences is

necessary for science education to develop cultural relevance (Patchen and Cox-Petersen

2008). Fortunately, the teaching of science in some schools has begun to shift from the

conventional Western science pedagogy to one that embraces a multicultural paradigm. All

of these ideas combine to form a view of Indigenous science as ‘‘a culture-dependent

collective rational perceiving of reality’’ (Ogawa 1995, p. 588).

It is important to realize that, from a cultural stand point, a vast range of perspectives

exist in terms of how people organize their natural world and how they define their

relationships with other organisms. Many Native communities share broad amounts of

scientific knowledge embedded within traditional knowledge with their youth (Brayboy

and Castagno 2008). This traditional knowledge and cultural experience influences ways of

knowing and can change how youth learn. Gregory Cajete states that ‘‘Native science, both

in its contemporary and historic sense, is contextual and relational knowledge; it attempts

to model traditional ways of teaching, knowing, and understanding these relationships

based on the existing makeup of the natural world’’ (2000, p. 98). Benefits of including

Indigenous science in education of Native students and challenges to maintaining cultur-

ally appropriate transmission of this knowledge is gaining attention in the academic

community. Although there are many gaps in research on the impacts of culturally-re-

sponsive education, some studies are identifying guiding principles, including supporting

traditional paths for transmitting cultural knowledge both within and outside of the formal

school systems (McCarter, Gavin, Baereleo and Love 2014).

Informal science education

In addition to culturally-inclusive approaches in schools, a strong case can be made for

extracurricular science education. Having an understanding of how students spend their

time out of school is just as important to student academic success as knowing how they

spend their time in school (National School Board Association 2005). A solid after-school

program can have very positive effects on children’s academic, social, and emotional

lives—especially for students whose personal circumstances put them at higher risk for

school failure (Lauer, Akiba, Wilkerson, Apthorp, Snow and Martin-Glenn 2003). It is

apparent that youth who participate in after-school programs have optimistic feelings and

attitudes about school, improved social behavior in school, and increased achievement on

test scores in school (National Institute on Out-of-School Time 2009).

Informal science education (ISE) involves teaching and learning about science in set-

tings that are outside of the formal school environment. People from diverse backgrounds,

interests, and skill levels typically take part in ISE activities for non-academic reasons.

Since human beings are ‘‘naturally curious, social, and actively engaged in learning,

informal science education is characteristically pleasurable, open-ended, equitable, and

accessible’’ (Center for Advancement of Informal Science Education 2013).
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There is a need to create learning opportunities that transition students from the

classroom to the community. This is especially the case for Native American students who

are navigating multiple worldviews between their school and home life. Furthermore, a

focus only on the hours that students currently spend in school overlooks the many

opportunities for guided learning in other settings. For instance, according to the National

Research Council (2000), a student spends 53 % of their time at home and in their

community during a calendar year. This is aside from sleeping and time spent learning in a

formal setting.

For Indigenous populations, informal science education also provides a forum for

integrating traditional knowledge that may not be appropriate for a formal academic setting

(Kimmerer 2012). With a history of appropriation, misrepresentation and intellectual

property abuses, maintaining the intimate connection between knowledge keepers, the land

based context, and the students, remains a critical concern. Informal science education

provides a dynamic, adaptive format for addressing these needs while maintaining a cul-

turally appropriate setting. The Native Science Field Centers addressed this need in tribal

communities by analyzing opportunities to increase the number of hours of informal

guided education to create community learning, leadership and other critical developments

that served as the foundation of the NSFC model.

The use of Native American languages

The single most essential component of the development of the NSFC model was the

integration of Native American languages. Darrell Kipp, co-founder of the Piegan Institute

of the Blackfeet Nation, advises Indigenous communities seeking to revitalize their Native

languages to, ‘‘use your language as your curriculum—botany, geography, political sci-

ence, philosophy, history are all embedded in the language’’ (2000, p. 1). Maintaining the

inherent connection between Indigenous knowledge and associated worldviews, with

original language sources, serves as a primary means for supporting the survival of

Indigenous knowledge systems (McKinley 2005). In the NSFCs, Native languages were

necessary for understanding the diversity of traditional relationships present within local

ecological communities, and Native language use emerged throughout the project activities

as field sites actively used language instruction to enhance, support, and at times rewrite

the science content. Each site developed their own culturally relevant taxa data inventory

to use in the field. Students used Native languages to identify and inventory culturally

significant plant and animal species, thereby reconnecting participants with cultural

practices through both ancient stories and contemporary field practices.

By shifting towards Indigenous education, and away from educational programs that

have historically been associated with an interruption or suppression of Native language

transmission, this practice demonstrates how culture can continue to be understood through

language (Nicholas 2010). Informal education programs for youth and adults serve an

important purpose for revitalizing and sustaining Native languages. In order to work

effectively, all aspects of Native language education need to be ‘‘supportive, rather than

disruptive, of intergenerational and everyday uses of indigenous languages in community

life’’ (Arenas, Reyes and Wyman 2007, p. 42). The Wind River site, for example, made

extensive use of the Shoshone language in its programs. The table of elements was

translated into Shoshone as well as relevant concepts from Shoshone physics. The

Shoshone concept of moogwa—which relates to senses of motion, disorientation, balance,
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and acceleration—was used to explore and enlighten parallel concepts from physics and

biology. For lessons such as these, the NSFCs were fortunate in their ability to employ

Elders (the term ‘‘elder’’ is capitalized throughout this study as a title of honor for those

individuals who are recognized as knowledge holders and role models within their

Indigenous community) fluent in the Blackfeet, Lakota, Shoshone, and Arapaho languages.

As Lisa Lone Fight, one of the authors of this paper and former director of the Wind River

Native Science Field Center reasons, ‘‘our languages developed from and are represen-

tative of the natural world. They are rich in the ability to explore processes and states and

are essential to an understanding of the relational science of Indigenous people. They speak

to the very basis of what it means to be an Indigenous scientist.’’

Indigenous evaluation

Along with a focus on Native language, the NSFCs used evaluation methodologies and

processes that are informed by Indigenous perspectives, particularly at the formative

evaluation level. This approach mirrors community-based participatory research, where all

team members are active and have equal input into evaluation design and activities. The

most important part of using an Indigenous evaluation process is to create relationships,

where boundaries can be crossed and the voice of the community can be shared in a

meaningful and respectful way. This type of process recognizes the diversity of experi-

ences and traditions that exist in Indigenous communities. Recently, there has been a thrust

to change the way evaluation is conducted with programs serving Native communities

(LaFrance and Nichols 2009). In the past, research and evaluation practices created fear

and distrust, resulting in historical trauma of past research practices being used within

Native communities. Using an Indigenous evaluation process provides a better under-

standing of evaluation among Native community members and provides for more local

control and input. Indigenous communities seeking to remain empowered throughout the

research process can benefit from an approach that respects their unique cultural values,

epistemologies, and allows for increased levels of engagement. Indigenous evaluation

processes also serve broader impacts beyond Native American communities as a growing

number of participatory and community-based projects seek a framework for engaging

participants in all aspects of research, including evaluation.

For our tribal-based ISE programs, we emphasized an evaluation process that is qual-

itative in nature, while including quantitative data collection aspects for specified activities.

We used quantitative methods specifically for documenting change over time in student

experiences. Mixed methods are especially useful in NSFC evaluation for: self-assessment;

community-created surveys; non-intrusive observations; small group and, when appro-

priate, individual interviews; case studies; evidence of participatory and active engage-

ment; and analysis of science stories from Indigenous perspectives. Along with being user-

friendly, several additional evaluative and analytical tools that are relevant to Native

worldviews include: photovoice, thematic wall activities, and field journals. Photovoice

employs participatory photography, in which community members document and then

discuss happenings in their community (Wang and Burris 1997). Using the combination of

these types of approaches and strategies has been found to be both relevant and appropriate

to use within community-based participatory research educational programs that work with

Native American communities and focus on shared evaluation process. This process is also

encouraged by the American Evaluation Association (2011). The NSFCs employed several
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evaluation techniques that are commonly cited in the research literature on Indigenous

evaluation practices. The uniqueness of these evaluation resources is that they have grown

organically from within Indigenous communities themselves, bringing Native voices to the

playing field of evaluation. For Native people, this is an important step towards creating

and facilitating outcomes that reflect Native ways of knowing. As Dr. Shelly Valdez, one

of our authors and the NSFCs’ principal evaluator explains, ‘‘evaluation is all about telling

stories. Storytelling has always been an important part of Indigenous peoples’ cultures. In

the case of evaluation, it is how we craft the story using project data that reflects the

impacts and outcomes of those involved in the process.’’

Profiles of the Native Science Field Centers

A closer look at the Native Science Field Centers reveals diverse characteristics that formed

the foundation of their community-specific frameworks. Each community varied in geog-

raphy, history, and tribes present. Through providing demographic profiles of the individual

NSFC sites we continue to share a piece of the process of building and implementing envi-

ronmental science programs that integrate Native ways of knowing andWestern science. The

NSFC model sought to incorporate Native ways of knowing to create a deeper sense of

connection to place from a tribal perspective. This led to a decision to work collaboratively

with communities toward implementing a participatory planning process approach.

During the crucial planning process the Blackfeet NSFC site created a strong com-

munity-based project foundation that was continued in succeeding NSFC sites. Bordering

Canada to the north and Glacier National Park to the west, the Blackfeet Reservation

occupies approximately 1.5 million acres of land in northwest Montana. Traditional ter-

ritories originally extended well into the Rocky Mountains to the west of the existing

reservation and far into Canada.

The Blackfeet NSFC was housed at Blackfeet Community College (BCC) located in

Browning, Montana. The K-12 students were transported from the local area schools to

participate in the field science activities held on campus. In addition to providing educa-

tional resources and cultural presentations for local teachers, the Blackfeet NSFC col-

laborated with BCC departments to hold large-scale community events. The Blackfeet

NSFC gained community support each year while in operation and continued to increase

youth access to science and math resources, in addition to traditional ecological knowledge

learning opportunities. Helen Augare, lead author for this paper and program director of

the Blackfeet NSFC expresses that, ‘‘providing our youth with a balance between learning

Western science and valuing our cultural knowledge will give them the courage to step out

of the box, experience new things, and think for themselves so that they can be successful,

confident, and strong leaders when they make decisions for our community in the future.’’

The values and lessons that emerged from the Blackfeet NSFC loaned themselves to the

development of the Lakota NSFC the following spring. The Lakota NSFC was housed at

the Lakota Center for Science and Technology at Piya Wiconi campus of Oglala Lakota

College (OLC) on the Pine Ridge Indian Reservation in Kyle, South Dakota. The Pine

Ridge Indian Reservation, located in the southwest corner of South Dakota, covers over 2.8

million acres. Since the center was located within the Lakota Center for Science and

Technology at OLC, there was ample opportunity to balance the curriculum with both

Western scientific knowledge and Native ways of knowing. As Helene Quiver-Gaddie,

former director of the Lakota NSFC and author for this study argues, ‘‘our kids have to be

informed of their rights and know the land.’’
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One year after the Lakota NSFC was established the Wind River NSFC began its

program. Both the Eastern Shoshone and Northern Arapahoe tribes share the Wind River

Reservation in the mountainous region of southwestern Wyoming. The Wind River NSFC

was housed within the Fremont County School District at Fort Washakie Charter High

School in Fort Washakie, Wyoming. The Wind River NSFC served and impacted youth

and community members living within a 2.2 million acre area. Building partnerships was

an important aspect of working towards sustaining the Wind River NSFC. In regards to her

work at the Wind River NSFC Lisa Lone Fight, former NSFC director and an author for

this study, states that, ‘‘we want to empower our reservation as a whole through education

and training, and that acknowledging that we are different and distinct helps us learn to

work together to support our youth.’’

Further details about each NSFC are presented in Table 1. The information in this

table highlights demographics of tribal communities.

Additional information about each NSFC regarding who was served and an annual

average of how many youth and adults were served is presented in Table 2. Averages are

based on records from 2008 to 2011 for Blackfeet and Lakota NSFCs and from 2009 to

2011 for Wind River NSFC.

As shown above, NSFCs were independent of one another; however they did have

several characteristics in common. The NSFCs each utilized a similar organizational

strategy in terms of their funding, reciprocal capacity building, and program approach.

The NSFCs were funded by grants from the National Science Foundation and the Bush

Foundation as well as receiving some support from educational institutions where they

were housed. Hopa Mountain served as the program coordinator for the two grants and

administered funds to each NSFC through a sub award. Hopa Mountain provided technical,

training, travel, and meeting support to NSFCs through the development of ISE programs

Table 2 Profile data for each NSFC

Name of NSFC Target audience Average annual
number of youth

Average annual
number of adults

Blackfeet NSFC elementary, middle, and high
school students and adults

1080 983

Lakota NSFC middle school and high school
students and adults

974 245

Wind River NSFC elementary, middle, and high
school students and adults

147 380

Table 1 Tribal community demographics

Name of
NSFC

Name of
reservation

Location Tribe(s) served Reservation
population

Time of
inception

Blackfeet
NSFC

Blackfeet Indian
Reservation

Northwest
Montana

Blackfeet 10,400 November
2006

Lakota
NSFC

Pine Ridge Indian
Reservation

Southwestern
South Dakota

Oglala Lakota 38,000 Spring
2007

Wind
River
NSFC

Wind River Indian
Reservation

West central
Wyoming

Eastern Shoshone and
Northern Arapaho

26,490 May 2008
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as well. NSFC program directors attended NSFC Leadership Team Meetings coordinated

and facilitated by Hopa Mountain staff. The meetings targeted capacity building, strategic

planning, evaluation training, and sustainability efforts. Leadership training and education

sessions provided opportunities for NSFCs to learn from one another and to develop best

practices. Hopa Mountain also subcontracted a principal evaluator who coordinated

evaluation for all three NSFCs.

To effectively oversee the development of each community’s NSFC a Community

Advisory Board consisting of local community members who were knowledgeable about

local culture and education was established at the beginning of each program. The

Community Advisory Boards were an integral part of each NSFC program and aided each

NSFC’s program director and staff in curriculum development and implementation.

Although most of the NSFC participants were Native American, the NSFCs were cross-

cultural programs that emphasized both Native ways of knowing and Western scientific ways

of knowing in their program approach. While community Elders and cultural leaders provided

Native ways of knowing for participants, researchers and experts in STEM fields focused on a

Western scientific perspective during the field experiences. The NSFCs ran separate seasonal

institutes throughout the year and offered their programs to all students in the community.

An annual NSFC Summer Gathering event brought together Native and non-Native

students, adults, educators, community members, and interns from all three NSFCs to share

knowledge and experiences. Hopa Mountain staff helped plan, coordinate, and participate

in the Summer Gathering event. During these events the NSFCs worked collaboratively to

engage students, teachers, and Elders from all three communities to share their experiences

and learn from one another.

Although several similarities have been duly noted, each NSFC was distinct due to the

educational institutions in which they were housed. Programs offered were uniquely relevant

to their respective communities, tribal cultures, tribal traditions, tribal languages, and Native

ways of knowing. NSFCs may not have shared the same environmental issues or needs to

address those issues. TheNSFCs focused on awide array of educational practices, including a

range of perspectives and approaches to ISE. Each NSFC was administered according to the

specific needs, staffing, Community Advisory Board, and limitations present in their

respective communities (e.g., access to varying community resources). Furthermore, every

NSFC underwent a separate process (i.e., formative) evaluation completed by an evaluator

who was selected from a pool of evaluators and worked with the principal evaluator.

The Native Science Field Center model

Collectively, the NSFCs had four goals: (1) to develop the existing field centers as a model

to replicate with future programs in neighboring tribal communities; (2) to expand STEM

career-ladder learning opportunities for youth and adults by strengthening math and sci-

ence teaching and increasing participation in each community; (3) to develop appropriate

Indigenous evaluation tools and methodologies for use in program evaluation; and (4) to

document best educational and evaluation practices that could be disseminated to inform

community members, other tribes, and the ISE community. At the very basis, and to

effectively meet these goals, the Native Science Field Center model sought a ground up

approach informed by local Indigenous perspectives. In order to provide a model that could

be replicated in other tribal communities, the NSFCs were required to develop a place-

based, culturally responsive framework. This framework is grounded in the establishment

of Community Advisory Boards, which lead to the development of seasonal, culturally
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relevant, field-based program activities for youth and adults. This model framework was

additionally supported through ongoing partnerships, outreach and trainings.

Community Advisory Boards

Community Advisory Boards (CAB) were established by project staff to foster and

maintain the participatory process. CAB group numbers averaged from 7 to 11 members.

During their regular monthly meetings, CAB members discussed the importance of field

education and teaching youth the culture and language. CAB members consisted of par-

ents, Elders, teachers, educators, and fluent speakers. Through sharing culturally relevant

information with program staff (e.g., traditional sites or seasonal activities that were

important to the community’s cultural knowledge and history) CAB members helped to

establish essential educational requirements that guided the NSFC curriculum development

for each tribal community. In turn, each site worked to create innovative local action plans

to establish necessary goals and meet the unique cultural education needs of individual

tribal communities (e.g., defining learning motivations and interests for students and adults,

increasing student retention, increasing language acquisition). Each year the NSFCs

worked collaboratively with local CABs, site cross collaborations, and with Hopa

Mountain staff to develop informal community-based science activities for youth and

adults. The different layers of activities implemented at the local level included youth

programs (seasonal institutes and other community engagement events), professional

development training for educators, and community engagement activities.

Seasonal, culturally relevant, field-based program activities

It was out of this participatory planning process that Community Advisory Board members

recognized the importance of providing meaningful, culturally relevant learning opportunities

for participants within the cycle of the seasons. This process demonstrates a central principal

of community-based, participatory research by reflecting local ideas and values (Kindon, Pain

and Kesby 2007). Community Advisory Board members noted that by allowing for seasonal

programming, participants experienced the natural elements and weather conditions that

would realistically be endured in the field by both their ancestors and modern field scientists.

Afterschool and summer programming fully engaged participants throughout the year.

STEM opportunities were created throughout the NSFCS by engaging youth and adults

in field experiences that built from basic survey skills to mapping, monitoring, and deci-

sion-making. They were designed to reconnect youth and adults with their environment

through cultural and scientific field programs. Science protocols, inquiry-based education,

and skill development with an engaging set of field experiences were integrated to form the

foundation of each NSFC.

These NSFCs were founded on the conviction that field-based programs are essential

and beneficial for science education (Zwick and Miller 1996). Field centers support active

engagement in exploring nature, increase and naturally integrate knowledge and inter-

disciplinary relationships that are present in the environment, and boost interactive dis-

cussion in contrast to individual work in the classroom (Zoldosova and Prokop 2006).

Additionally, lessons taught in the field are often the easiest for incorporating both Native

ways of knowing and Western scientific ways of knowing, since the locations contain both

scientific and Indigenous cultural information (Riggs 2005). The following descriptions

detail an annual pattern of NSFC seasonal program activities by site location. Activities are

organized to focus on connection to place, using seasons as a way of defining the year. This
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structure also served as a way of preserving cultural norms and was fundamental for

conducting community-based work. Seasonal educational science institutes were offered to

students and adults. The seasonal institutes ran for approximately 6 weeks with the cur-

riculum organized and presented around traditional cultural activities appropriate for that

particular time of year.

Blackfeet NSFC

Beginning in 2009, the Fall Institute focused on holistic cycles of life such as communal,

parasitic, and mutual relationships in nature. For example, students learned about the

relationship between white bark pine and bears. Students were taught to reflect on how

learning to observe animal behaviors helped them to better understand their own traditional

practices of physical and social development. For example, the Blackfeet historically

observed patterns of elk movement and migration, and this helped them to decide the best

routes for their own travel. Similarly, the traditional practice of observing muskrats

building homes on ice in the winter informed the Blackfeet that it was going to be a cold

winter. Paying attention to such details helped the NSFC students realize that they can have

an intimate relationship with their environment and learn from the plants and animals

around them. In another lesson, they were able to compare the caching habits of the Clark’s

nutcracker to the Blackfeet tradition of carrying, storing, and transporting articles with

parfleche, a traditionally prepared material made from rawhide. The Fall Institute also

included traditional Blackfeet animal stories and how to build a cradleboard device for

securing babies that also assists in the child’s physical development. This activity showed

the students the process of turning animal skin into rawhide, explained the properties of

cradleboard wood, and detailed what type of wood is preferred to build the cradleboards.

The following 2010 Winter Institute, held for 6 weeks in February and March, taught

students the physics, chemistry, and history of drummaking, bows and arrows, snowshoeing,

and astronomy in the context of Blackfeet tradition. Students were involved in making tools

used within traditional homes such as willow backrests, as well as tools used for winter hunts

and survival in the snow. Other activities included exploring traditional hunting and trapping

techniques and a student produced dramatic performance in the Blackfeet language focusing

on climate change. In addition, students learned about winter weather patterns, glacier for-

mations, and the significance of glacier fed streams in their tribal community. The Blackfeet

NSFC also held aWinter Institute specifically formiddle school students focusing on theBear

River Massacre that occurred in 1870. It included intensive research on survivor stories,

archived documents, genealogy charts, and transferred knowledge of specific landmarks and

land-based environments important to the Blackfeet people. Students learned how to audio

record personal interviews and produced audio/visual presentations of their research.

Also in 2010, the Spring Institute focused on soil conservation andbotany. Topics included

native plant knowledge, soils, water, Global Positioning System (GPS) mapping, climate

change, and the flood of 1964. Students dissected fruits and vegetables and identified seeds,

talked about seed germination, measured water and soils used for planting, measured seed

depth for planting yarrow, and prepared raised beds for native plants with a 1.5 acre plot

owned by BCC. This garden allowed teachers and students to work collaboratively to grow

traditional native plants. Other spring activities includedmeasuring precipitation and looking

at precipitation maps, building smudge boxes, and learning the importance of the soil where

smudge plants—such as sage—are found and when to find them.

Summer Institutes were held separately for grades 4–6 and grades 7–8. Summer activities

included field experiences in Glacier National Park, native homeland to the Blackfeet.
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Lakota NSFC

During the school year, the NSFC found a way to fill a gap in the education of Pine Ridge

students. Little Wound High School in Kyle, South Dakota and Bennett County High

School in Martin, South Dakota cut their academic school week to only 4 days. The NSFC

stepped into provide academic activities for juniors and seniors at these schools by holding

all-day science Fridays and occasional Saturday field activities. High school science, math,

and Lakota language instructors supplemented the activities, which ran from October

through December. Field experiences included visits to educational centers such as the

South Dakota Discovery Center and Aquarium, South Dakota School of Mines and

Technology, Chadron State College in Nebraska, and Black Hills State University. These

visits introduced the students to the educational opportunities that awaited them in areas

that were not far from their homes.

The Summer Institute focused on local flora, fauna, and invasive species and worked to

raise participant awareness of environmental issues relative to the Pine Ridge Reservation

and surrounding areas. In the summer of 2009, the Lakota NSFC took their students into the

field every day to explore the geology, biology, and ecology of their surroundings. Summer

excursions included LaCreekWildlife Refuge, Mammoth Site, Buffalo Pasture, Slim Buttes,

and Badlands Overlook. During the Summer Institute, local spiritual and cultural leaders, as

well as geological engineering andwater experts, accompanied the group onfield experiences

to the Badlands andWind Cave National Park. Community Elders shared their knowledge of

native plants and animals as well as the cultural significance and history of local places with

NSFC students. One Elder spent over a weekwith the students in the summer of 2009. During

that time, he shared his knowledge of native plants and the contents of a soil, calledWase in

LakotaNative language,whichwas used as a paint-like covering for ceremonies. He also took

the students to sacred Lakota locations like Humbleca Paha, a vision quest site.

Wind River NSFC

Fall topics included food-gathering (harvesting), hunting, classification of living things,

and identification of edible and medicinal plants. Learning respect for and conservation of

the natural world and natural resources was an important goal of the program.

The Winter Institute covered animal homes and winter survival, how to identify animals

by their tracks and scat, and sky science (weather and astronomy). During the Winter

Institute, Native American stories of the skies and stars were also shared. Winter field trips

to the Wyoming Sheep Refuge and the Wyoming Elk Refuge engaged youth in learning

about wildlife and range management, animal habitat, science, migration patterns, tradi-

tional uses, and hunting methods of elk and sheep from the Arapaho and Shoshone tribes.

Spring topics included new life, hydrology (water cycle), soils (rock cycle), birds, and

life cycles of plants. Summer topics included ecology; food chains; observations; collec-

tions; surveys and analysis of water, trees, and forests; exploration of local lands and

resources, geology, and climate change. During the summer session students had extended

time and learning opportunities to explore and study their ‘‘place’’ in greater detail by

conducting practical analyses of their living and nonliving environments. During the

summer of 2010, Wind River NSFC students also joined youth and adults from other

NSFC sites at the Tetons Science School.

This NSFC additionally offered Science Saturdays to Wind River students. Saturday

activities introduced several additional topics such as geography, finding locations with
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GPS technology, wildlife habitats, animal (i.e., elk, sheep, antelope, and bear) ranges,

hibernation and migration, seasonal change, recycling and reuse. During Science Satur-

days, Native language and traditional knowledge were included as a cultural component in

all learning activities through active participation by Elders who shared traditional

knowledge and stories.

Partnerships, outreach, and training

As observed in the NSFC profiles, program activities evolved in a variety of scientific

subfields and traditional knowledge areas based upon the resources available in each

individual community. One of the greatest strengths of the NSFCs to support these unique

programs was in the extensive community partnerships, outreach events, and training

opportunities within each site.

Blackfeet NSFC

The NSFC hosted a number of programs and activities for the community. ‘‘Days of the

Blackfeet’’was organized as an annual outreach activity, bringing together the entire community

for cultural workshops, keynote speakers, and a parade. They also implemented a culture and

language immersion program in the spring of 2010. The program focused on Blackfeet Lan-

guage conversation and cultural training and offered language immersion campouts for families

on the weekend. The NSFC also led 30–40 environmental science seminars per year.

The NSFC staff attended workshops and meetings as much as possible. NSFC directors

attended conferences such as the 2010 American Association for the Advancement of

Science meeting on climate change. Here they learned how different groups are addressing

and educating youth about topics such as climate change and began to think about how

these ideas might translate to rural and Indigenous communities. Locally, the NSFC staff

worked to have a presence at meetings or activities that impacted land and resources. For

example, an active involvement at community meetings on rewriting the Blackfeet Tribal

Constitution encouraged the conversation to focus beyond only social impacts to empha-

size environmental awareness, managing waterways, and natural resources. By continuing

to be involved in these activities, the NSFC staff was able to remain aware of and involved

in STEM related issues in the community for the purpose of integrating what they learned

back into the NSFC programs.

For evaluation, the NSFC invited parents and community members to participate in a

‘‘winter count’’ with student participants. A winter count is a traditional way to record the

history of past events using pictures. Drawing a winter count helped to record what

students recalled and what they enjoyed the most from each week. Parents and the com-

munity discussed what the children liked and suggested topics and activities they would

like them to learn in the future.

Lakota NSFC

The Oglala Lakota Center for Science and Technology both housed and partnered with the

Lakota NSFC. This relationship allowed the NSFC to have ready access to scientists

engaged in local research and gave both the community Elders and Western scientists the

opportunity to share their experiences during NSFC events. OLC science students had the

opportunity to intern with the program, working alongside the NSFC director to implement
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project activities and goals. This exposed college students to the NSFC teaching methods,

offering them the opportunity to interact with younger students and encouraging them to

focus on STEM related academic interests. This also provided a window for youth to look

at higher educational pathways, particularly those housed at OLC.

One of the main outreach activities provided by the NSFC was the Community Science

Nights that were held once a month at a tribal or off-reservation school in partnership with

OLC Lakota Center for Science and Technology. These consisted of science exhibits such

as star labs and robotics demonstrations. These events were scheduled in the evenings so

that students, their families, and community members could attend and typically had 100 or

more participants. Another form of outreach was providing opportunities to attend other

local cultural and science programs by co-sponsoring them, such as the Cloud Horse

Institute Winter Camp near Kyle, South Dakota. The NSFC also offered environmental

seminars and trainings throughout the year to increase environmental awareness in the

community. One environmental seminar consisted of teachers from the OLC Science

Department discussing water ecology and macro-invertebrates. The NSFC also partnered

with the OLC Math and Science Department to sponsor a booth displaying a star lab, a

paleontology exhibit, and chemistry exhibits at events such as the Lakota Nation Invita-

tional in Rapid City, South Dakota.

Wind River NSFC

Partnerships motivated students to think about STEM careers in the future and include

national research and educational organizations. Among the organizational programs the

NSFC collaborated with to provide educational opportunities were the National Weather

Service, the U.S. Fish and Wildlife Service, Wind River Diabetes Program, Fremont

County Farmer’s Market Association, Central Wyoming College, Department of Envi-

ronmental Quality, U.S. Forest Service, and the Teton Science School. Local collabora-

tions with programs such as the Diabetes Program helped the NSFC to develop lessons

such as food sciences curriculum.

Local partnerships were cultivated with the Eastern Shoshone and Northern Arapaho

joint tribal councils and the school administrations. The NSFC included cultural traditions

from both tribes in the programs. Acknowledging that the tribes had separate tribal

councils, languages, and cultures was vital towards learning how to work together. The

NSFC established a good working relationship with both tribes by agreeing on and signing

tribal resolutions with both of the tribal councils.

The NSFC was part of a larger Wind River Rural Systemic Initiative (WRRSI). The

WRRSI included five schools on the reservation and worked to enhance math and science

instruction for young Native American men and women in an effort to promote access to

high quality educational opportunities by connecting tribal colleges with elementary and

secondary schools. The WRRSI program promoted more hands on math, research-based

math and science, curriculum development for technology use in math and science, and

free Advanced Placement math and science courses for any student on the reservation.

Assessing impacts using mixed methods and participatory evaluation

Case studies at the NSFC sites provide a rich, in-depth understanding of potential moti-

vation, interest and academic benefits gained by Native American students who regularly

participate in informal science educational programs that incorporate traditional Native
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American values, perspectives, and language into field experiences and activities. In order

to assess the impacts of these programs, summative evaluation questions were addressed

including:

• To what extent and in what ways can the processes, knowledge, and practice of cul-

turally relevant environmental science programs be strengthened and deepened locally?

• To what extent and in what ways can the processes, knowledge, and practice of

culturally relevant environmental science programs be transferred nationally to other

sites/contexts?

• To what extent did participants (youth, ages 8–18) in the newly established field

programs and existing sites gain competence in environmental science and cultural

knowledge through their participation in NSFC activities?

Summative evaluation measures were informed by the National Research Council’s

recently developed learning strands addressed in Learning Science in Informal Environ-

ments, specifically Strand 4 (reflecting on science as a process or way of knowing) and

Strand 6 (developing a science-related identity), as these two strands are most relevant and

aligned with the NSFC model (National Research Council 2009). Impact outcomes for

participants were measured using the National Science Foundation’s (NSF) impact indi-

cators for ISE programming developed for the NSFCs. NSF indicators included the

following:

• Native Science Field Center youth participants will increase their knowledge of

science, traditional knowledge and Native language as it relates to environmental

science.

• Native Science Field Center youth participants will increase their interest in

environmental science, traditional knowledge, and Native language.

• Middle school and high school aged youth will regularly participate in Native Science

Field Center programs.

• Adults, families, and community members will increase their interest in environmental

science, traditional knowledge, and Native language as a result of participating in

Native Science Field Center programs.

Both qualitative and quantitative methods were employed each year to further address

these areas in the form of in-depth individual and focus group interviews, participatory

evaluation activities, and surveys. Each year, the NSFC site administered a pre-survey and

followed up with post retrospective surveys with program participants. The pre-survey was

only administered to new, incoming Native youth on a yearly basis. At each NSFC site, in-

depth group interviews for seasonal activities were conducted annually with program

participants. Additionally, two seasonal project activities were also observed yearly with

feedback provided to the NSFC local staff.

Interviews were based on questions collaboratively developed by the leadership team

and lead evaluator. Most youth participated in focus group interviews in which a series of

questions (*29) guided the group conversations. Focus group sessions were audio taped

and then transcribed and coded for themes targeting the NSF ISE indicators and impact

outcomes. Additional focus groups for parents as well as in-depth interviews of a repre-

sentative sample of adult participants (parents, presenters, and CAB members) were also

facilitated for each seasonal institute at each site. During the Annual Summer Gathering,

Elders were interviewed in informal conversation as opposed to formal interviews. Where

applicable, tapes of these interviews were also transcribed and coded for themes based on

NSF ISE indicators.
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To further assess outcomes for participants, the thematic wall of impacts served as one

of the primary participatory evaluation activities at the NSFCs. This activity asks partic-

ipants to rank target impact areas which are aligned with the goals of the program and the

NSF impact indicators for ISE programming. This activity includes two parts: (1) ranking

the impacts, which takes approximately 20 min and (2) discussion of ranking, taking

approximately 30 min. The evaluator walks participants through the process so participants

obtain a clear idea of the activity. Participants are provided with round stickers (Avery

labels) and are asked to number them 1–8 (i.e., 1 = most impacted area, 2 = second most

impacted area, and so forth). As an example, participants were asked to rank areas such as

‘‘I have increased my understanding of science,’’ ‘‘I have increased my learning of tra-

ditional language as a result of being involved in NSFC,’’ and ‘‘My parents are more

interested in learning about our community environment because of my involvement in the

NSFC.’’ Participants are also provided with an open space area for ‘other comments’ to

allow them to share other impacted areas that may not be on the wall area. The participants

walk around the room placing their ranking stickers.

After this portion of the activity is completed participants engaged in a conversation

around why the group ranked items in certain ways. The evaluator prompted the con-

versation by asking participants what they noticed (e.g., which impact areas seem stronger

or less strong) and then prompt them to discuss why they made the choices they did using

the following types of questions: ‘‘Why did you rank these impacts higher than others?’’;

‘‘What about the (seasonal institute) do you think led to higher impact in these areas?’’; and

‘‘What could have been done to increase impact in these lower areas?’’.

The Wind River NSFC favored Photovoice participatory photography activities for

evaluation. Photovoice used photos, video, and audio interviews to capture the knowledge

and interest youth had in their community. This method proved unique in its ability to

allow adults to see their community and vision for the future through the eyes of the youth.

In 2011–2012 additional data on seasoned NSFC participants were collected through a

supplemental study. This study included pre and post survey data to assess target areas of

student impacts. Surveys consisted of 38 questions, focusing on four target areas: interest,

motivation, benefits (academic and traditional), and leadership skills. The areas included

Likert scale questions and open-ended questions. The data for all surveys were transferred

to Zoomerang, an online survey tool for analysis and reporting. Surveys were administered

several ways: onsite during the NSFC Summer Gathering, on-line, through conference

calls or on-site at their perspective communities. There were a total of 69 participants (29

Blackfeet NSFC, 13 Lakota NSFC, and 27 Wind River NSFC) who completed the sup-

plemental case study surveys (42 % male and 58 % female).

This study also included qualitative data from two levels of in-depth telephone inter-

views with eight seasoned NSFC participants (50 % male and 50 % female). Originally,

interviews were to represent three students from each site; however one student was unable

to be reached. The first questionnaire consisted of 22 questions and each interview lasted

between 20 and 30 min per participant. The second level of questions consisted of 25

questions that were follow up questions to obtain a deeper understanding to the responses

from the first level of interviews. Level two interviews lasted an estimated 30 min per

participant. Both levels of questions were collaboratively developed by the leadership team

and the lead evaluator.
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Narrative themes

Narratives from NSFC interviews, focus groups and activities were gleaned for key words

and concepts that coincided with any or all of the four broad goals of the NSFC program

(identified in the Native Science Field Center model section of this paper). Subsequently,

five patterns in the narrative data emerged. Under each theme, a description and relevant

quotes illustrate the thematic content. In response to a discussion with our collaborators,

we have avoided the use of pseudonyms for participant quotes in this article to ensure

cultural sensitivity and to sustain the intention that the students’ stories carried. To better

explain, during the course of this study students were informed that their words were

‘‘alive’’ and that even on paper these quotes represented their breath that was taken to

speak and to carry on the oral expression that they provided. These thematic findings

represent core elements that when woven together create a unique informal science

learning experience for Native American students.

Traditional knowledge and field science experiences

Learning to identify native plants and animals was an ongoing activity taught across all

NSFCs. By using field guides to identify abundant traditional native plants and animals in the

community, students were able to take biodiversity ecological surveys to develop a biodi-

versity profile of a site. These profiles could be monitored from season to season, teaching

observations like how plant conditions relate to weather and the blooming season of the

respective plants. Students were taught to observe the diversity of plants and animals in an

area. Specifically, they gained skills on how to scrutinize nearby roads; identifywhether a site

was grazed, mowed, or irrigated; determine if there was a presence of pesticides; know how

much sunlight the site received; and identify the latitude/longitude of the site.

Community Elders shared their knowledge of native plants and animals, cultural sig-

nificances, and history of local places with NSFC students. For example, finding dried out

blue bunch wheat grass in May can indicate that there is a drought. Plants like sage or rough

fescue may only be used for smudges or ceremony at certain times of the year. Students

learned about the importance of asking permission (e.g., earning the cultural rite of passage)

to harvest certain plants, and how to take parts of a plant without overharvesting to ensure

that the plants continue to thrive within the environment. Offering respect by praying for

plants before they were picked and learning community knowledge and historical signifi-

cance of a field site were also important lessons offered by this field activity.

In the findings from the 2011 to 2012 case study, 78 % of the case study participants

indicated that it was important to learn about animal behavior and seasonal patterns.

Additionally, the percentage of participants indicating that they are strong at making

observations about the environment increased from 68 to 83 % after participating in the

NSFC. Participants indicated that the increase in interest was linked to their participation in

the NSFC program. Outcome data also showed an increase from 88 to 95 % of participants

indicating an interest in learning about traditional knowledge after participating in the

NSFC. During the 2011–2012 case study, one high school age youth participant indicated

that participation in the NSFC program had given them the motivation to perform additional

science research for their environmental class, saying ‘‘I decided to talk to [my teacher], to

see if I could do some research on Native studies in the science areas, as medicinal plants

and healing, how we used them, and where they were found and to use it to write a paper and

to earn credits. Also, to help [my teacher] understand how we learn as Native people from
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our Elders. [He] was willing, really willing; he was one of the few people I met who learned

to embrace our culture as a whole instead of something just to learn about. He was happy to

do this, and it got me through one or two of my science classes.’’

Cross-cultural sharing

Summer Gatherings provided a forum for the NSFC participants from each community to

spend time together. The inter-community dialogue during these gatherings emphasized

working on common goals and how similar issues are being addressed. As a result of these

interactions, support networks emerged holding potential to provide assistance for students as

they fulfill their educational goals and come into roles of leadership in their own communities.

At the 2009 NSFC Summer Gathering, students learned some Lakota, Blackfeet, and

Shoshone words; played cultural games like Double Ball; and shared cultural stories and

foods with the group. With the help of a Lakota Elder, some of the Lakota NSFC students

cooked a traditional Lakota dinner of tinpsila (wild turnip, pronounced teem-psi-lah) and

papa (dried meat, pronounced pah–pah) soup, chokecherry wojapi (pudding, pronounced

woh-zjah-pee), fry bread, and buffalo ribs. They shared the origin of the tinpsila story and

an Elder led the group in a Lakota blessing. Additional Summer Gathering activities

included a plant identification walk with Elders from the Blackfeet community who

pointed out native plants that have medicinal qualities such as antibiotics and fluoride.

Students learned the importance of respecting these plants and the sun for the medicines

that they provide by remembering and saying their Native names in Shoshone, led by an

Elder from Wind River.

In 2010 the NSFC Summer Gathering was held near Jackson Hole, Wyoming at the

Teton Science School. This gave participants the opportunity to visit what were historically

traditional Shoshone lands, sacred sites, and geological wonders such as Yellowstone

National Park. Summer Gatherings were cross-cultural in content as well as in the back-

grounds of the participants involved. One high-school age youth who participated in the

2011–2012 in-depth case study follow-up interviews expressed ‘‘I loved learning from the

other tribes and their cultures… I like the idea of having and sharing ideas of culture and

it’s that people make the difference so noticeable and we all have so much in common.’’

Community support

Many Community Advisory Board members were current or retired educators and/or

cultural advisors. Examples of their involvement in program activities included their

consultation with a program director regarding which cultural sites students would visit or

what types of cultural topics they should focus on. Community Advisory Board members

were welcomed to attend every NSFC leadership/training workshop, meeting, and event.

They were also invited and often participated in field activities with students. During these

activities Community Advisory Board members shared their knowledge with students and,

whenever possible, the appropriate usage of the respective Native language. Providing a

way for adults to participate in children’s education in this format often inspires them to

further their own education (James 2001).

Elders from the Blackfeet NSFC that participated in interviews recorded in an NSFC

Year-Five Evaluation Report indicated that they had changed through their involvement in

the program (Valdez 2011). Many cited an increased self-worth because of being asked to

share their knowledge, public speaking skills, and role modeling and noticed a feeling of

respect among the community for their skills and traditional knowledge they have to offer.
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At the Lakota NSFC, one presenter from the community, whose interview was also

summarized in the evaluation report, detailed how their involvement had provided lead-

ership opportunities and partnerships for them. This presenter came into the program as an

intern and served as a mentor and chaperone. After completing a degree, this presenter

served as a science partner and collaborator.

Findings in the 2011–2012 case study emphasized further impacts the NSFC program

has had on the participants with an increase from 78 to 90 % of the participants indicating

an interest in becoming more involved in their respective communities after participating

in the NSFC program. Outcome data also indicated a higher interest in accessing tradi-

tional community activities and students recognized that learning from the Elders extended

new learning opportunities. During the 2011–2012 case study in-depth interview, when

asked if they thought the NSFC had helped them to understand science more, one high

school age youth responded that ‘‘In general it helps us understand academic pursuit of

science and it helps to understand our culture and histories…We both learn from Elders

and teachers.’’

Parental involvement

Parents of NSFC seasoned participants were invited to participate in focus groups and

interviews. Summaries from these interviews were also recorded in the year-five evaluation

report (Valdez 2011). In these reports parents expressed seeing positive changes in their

children in terms of retention, behavior/attitude, influences on academics and career,

influences on culture, and language acquisition. Parents indicated that their children were

more willing to engage in outdoor activities and transfer the knowledge to their parents as a

result of being involved in the program. A majority of parents from the Wind River NSFC

focus group indicated that their children became more respectful and willing to learn, and

that they encouraged other family members to learn more about culture and language.

Parents from this group also noticed their children using more science related language and

terms within the home environment after participating in the NSFC program. One parent

from the Blackfeet NSFC Spring 2011 parent interviews indicated that discussions were

taking place at home about possible career pathways in science areas, and attributed this

thinking to involvement in the field center program (Valdez 2011). Both this parent and

one more who participated in the Blackfeet NSFC interviews that year expressed that their

children had strengthened their traditional language skills and that they were eager to speak

in the home environment. During a December 2010 Wind River NSFC parent focus group

interview, parents shared that a few youth from the NSFC had also inspired their families

to get involved in community events and ceremony, re-engaging them with the traditional

side of the community (Valdez 2011).

Advancing informal education and learning

NSFC educators worked to impart traditional values into their lessons. For example, on a

berry-picking excursion, the director of the Blackfeet NSFC described how to make ser-

viceberry soup and suggested that the students bring the berries they pick to their teachers

instead of an apple on the first day of school. Though subtle, this is one way teachers can

encourage students to affirm their culture in daily activities.

Another example under this theme was illustrated in the activity where a tribal Elder

showed students a type of paint that is traditionally used for ceremonial face painting. The

Elder provided the Native name for the paint, shared a story about the paint, and explained
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that certain rites may be required in order to gather sacred things such as paint. Using this

same paint, students were taught Western scientific properties of soil types and why certain

elements, like iron, have a particular color. Students also discussed the locations of these

soils within their communities. As one Community Advisory Board member from the

Lakota NSFC shared, ‘‘My grandfather always said, ‘We have five senses. If you use all

five of your senses to learn something, you learn it well.’ That is exactly what the NSFC is

doing for our kids.’’

Through their involvement in the NSFC program, youth were motivated to continue

their learning beyond the field center. A majority of youth have continued their learning in

science, Native culture, and language. A majority have continued to work with Elders to

deepen their understanding of language and culture on their own. The main area that

motivated these youth to continue being engaged in the field center program was the

application of learning experiences to life’s daily environments. By being involved with

the NSFCs, a better understanding of traditional concepts parallel to modern concepts can

be identified. A more profound understanding of both concepts and how they are similar or

different engaged the youth to further their knowledge in both the educational and tradi-

tional aspects. With most youth, the desire to help their community or give back to their

community through learning new skills from their culture and academia was key. They

were able to see and share examples of how the knowledge and skills gained through their

involvement in the field centers was applicable to their culture, their community, and their

continued learning. During the 2011–2012 in-depth case study interviews, when asked if

their NSFC experience motivated their life or performance in school, one high-school age

participant stated that, ‘‘It definitely was a motivating factor because it helped tie every-

thing in more holistically for me. So one of the problems I had with science it seemed very

impractical and didn’t connect to anything that had connection to me, or the world around

me. One thing the NSFC helped show me is there are connections; you may just have to

look for them. It helped me see it does connect to me and apply to the world around me, in

ways that aren’t just written on paper, not just calculations. As long as you can include

those it helps you and is an important tool as well…For me it helped to see the applications

of things, and that was something I was really struggling with in terms of science in trying

to get use to it.’’

Findings throughout this study indicate that youth participants now have greater interest

in learning about environmental science or science in general. Most youth are pursuing

learning opportunities on their own through accessing traditional knowledge among

community members, leadership opportunities within their school or community, or—in

the case of a few—creating their own learning opportunities. The majority of youth

realized that learning comes from a desire to further their own education and knowledge,

not just to satisfy a requirement. Being involved in the field center program has played a

significant role in uncovering this importance and has reinforced the realization that

Western science is surrounded with concepts of their culture. Through juxtaposing both

Native knowledge and Western science, youth are better prepared to advance their learning

environments because they have gained tools to help them think critically. They also apply

the knowledge they gained through the field centers to their daily lives. Because the

learning experiences are applicable to their surroundings, they remain interested in science

learning.

The benefits associated with the NSFC program have been valuable for most partici-

pants. The academic benefits have been positive for 100 % of the case study youth. A few

youth have been innovative in applying their knowledge to research opportunities in the

school setting and are utilizing the research projects to advance their course work. One of
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the key outcomes is the feedback youth provide by being able to convey their knowledge in

the classroom setting. Often times teaching their teachers about worldviews and con-

tributing to a greater understanding of their peers influenced the role modeling and lead-

ership engagement among these particular youth. All of the students stated that

incorporating outdoor learning has challenged them hands on, physically, visually, and

mentally more than just having an indoor lecture. Incorporation of outdoor ISE learning

increased their sense of well-being and allowed them to become more intimate with their

environment. Sixty percent of the students have stated that they are taking upper level

courses in either science or mathematics.

In the area of traditional benefits, being involved in the NSFC program helped youth

realize the importance of sustaining their cultural knowledge and speaking their traditional

languages and encouraged them to keep their learning active. Fifty percent of the youth

interviewed in the 2011–2012 supplemental study have taken initiatives to continue their

Native language learning outside the field center. Of that 50 %, several have accessed

traditional knowledge holders and language speakers or language resource programs.

Seventy percent of the case study youth who participated in in-depth interviews have stated

that the NSFC program has aided in their development of leadership skills. Part of this

thought process stems from the desire to help their community or give back to their

community through language and cultural maintenance.

Impacts of NSFCs on students

As demonstrated in the narrative data above, students were significantly impacted by their

experiences in the NSFCs in terms of influencing their interest and motivation in science

learning and traditional knowledge. This study also shows that the field center programs

provided both academic and traditional benefits, as well as leadership opportunities through

participation. Some of the documented academic benefits included an increased interest in

taking additional science courses in high school, increased interest in a science career, and

increased interest in attending college. Traditional benefits were based on several variables

such as interest in engaging in traditional community activities, learning traditional stories,

learning their traditional language and gathering plants for traditional purposes. Some of the

leadership opportunities included internships, mentoring, and training for leadership roles.

Quantitative data from the NSFC supplemental study is provided in the ‘‘Appendix’’.

Impacts before and after attending the NSFCs were recorded for the 69 seasoned partici-

pants who completed surveys. Further qualitative impacts (i.e., traditional benefits) were

also recorded in representative quotes from in-depth follow-up interviews (Valdez 2012).

Based on this NSFC evaluation data, Native youth participating in the NSFCs also

exhibited greater engagement in science experiences out of school, and higher awareness

of traditional uses of plants and animals as a result of participating in these programs.

NSFC youth participants learned critical thinking and scientific inquiry skills, the use of

modern technologies in scientific data collection, and standards of data collection. These

skills and relationships that were fostered with adults helped youth develop confidence to

pursue STEM degrees. Additionally, NSFC youth recognized their cultures’ contributions

to science. The NSFCs documented impacts on youth reflect the strong foundation and the

success of the program in providing youth with culturally rich science learning opportu-

nities. These findings indicate that when a student’s traditional knowledge and Native

language are being honored and recognized as part of informal science education pro-

grams, student participation and knowledge gains increase.
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What have we learned

Future programs looking to integrate Native ways of knowing and Western science

learning may benefit from understanding the obstacles faced, unique elements learned, and

associated recommendations from the NSFCs. We recognize that adequately responding to

the recommendations may ultimately depend on funding, timing, and the ability to allocate

program resources to address them. The unique strategies and activities shared here reflect

the innovations of each NSFC as they met and faced challenges along the way. Our

education and growth from this project emphasized the significance of community and

family participation, of cross-cultural sharing, and of developing a sustainable infras-

tructure to support the NSFCs as they generated broader impacts for all participants.

As we initially suspected, we found that community and family inclusion is a critical

component and should be supported at all stages. The level of concrete commitment

demonstrated by the parents and families of participants exceeded our expectations. Par-

ents’ commitment to preparing paperwork for initial participants, and then later for their

siblings to attend the NSFCs, supported recruitment efforts as well as regular attendance

and retention throughout the programs. Through this process we learned the importance of

stimulating increased parental support and orienting both parents and students on the

importance of retention for learning development during the application process. This

allowed us to better engage parents in the NSFC experience for the future education of

their children and was key to initiating attendance for weeklong seasonal sessions. Students

and parents alike surprised us by how responsive they were during these sessions. Students

especially, moved out of their comfort zones enduring challenging weather conditions and

extended field days as they learned to grow closer with their environment. We were also

impressed by the extensive involvement of Elders and tribal leaders in NSFC communities.

Many individuals volunteered their time and donated materials to support the programs.

Through their involvement, we learned that including community in the NSFC programs

serves to raise local awareness of how cultural processes can benefit the educational

systems and allows both youth and adults to learn new concepts together. These lessons

also highlight the importance of ensuring that community Elders have opportunities to

share their knowledge and experience. We recommend encouraging students to conduct

interviews with Elders. These opportunities provide students interviewing skills, teach

them the importance of their cultures and lands, and empowers them to help their com-

munities preserve information for future educational use.

Another experience that we learned from was the process of bringing diverse per-

spectives together for cross-cultural sharing and knowledge exchange. We discovered that

in developing methods for cross-cultural sharing, programs can provide a balanced per-

spective of field experiences by inviting scientists and community members from diverse

backgrounds, such as professional Western scientists and traditional knowledge holders. In

this process, we found it important to maintain consideration of historical tensions from

exploitation around sharing sacred knowledge and cultural stories with non-Natives and

even other Native groups.

Our recommendation in this regard is to make clear to all participants—parents, Elders,

staff, and students—that the NSFC is a multicultural, shared experience and that knowl-

edge imparted at NSFC events is to be shared cross-culturally so that everyone can learn

from one another. When presenting program activities, we found it most effective for

NSFCs draw on the Native cultural perspective of a topic first, following up with the

Western scientific perspective on what is being discussed.
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Throughout this process we identified several further components necessary for sup-

porting a strong and sustainable infrastructure for future programs. At the outset it is

important to clarify the protocol, procedure, and approval process from the fiscal agent (or

NSFC) to accessing participant records, program documents, and related program histories.

We learned that finding staff who are dedicated and devoted, promote respectful rela-

tionships, and who are invested in the goals of the NSFC programs’ vision/philosophy is

also essential to program success. One expectation that was confirmed when developing

our programs’ infrastructure was the key role that language would hold in the NSFCs.

Through the responses of parents and student participants we recognized that Native

languages are a powerful piece and therefore recommend prioritizing funding for language

from the beginning of the planning stage. When it came to evaluation, we found that

programs could train evaluators to craft and tell stories within the context of the NSFCs’

goals and objectives. In this process we found it effective to use strategies that focus on

what’s working and what’s unique, and assess the strength-based aspects of the program.

Other features we recognized included reinforcing bridges for students’ educational and

career paths. We recommend strengthening relationships with tribal colleges and univer-

sities to ensure STEM academic and career pathways are accessible for the NSFC youth.

At the same time we see a need to continue to educate high school teachers and tribal

college and university faculty about culturally relevant science teaching. Seeking contin-

uous support, such as summer internships with the NSFC, National Parks, or other related

programs was also identified as a method for supporting students in maintaining their

connections to the STEM field. As interest in the NSFC programs increased, we recognized

that there may be more need for participant selection criteria. We advise selection criteria

be family inclusive and that seasoned participants be invited to take part as mentors in

NSFC events. Finally, NSFCs should track individual students as they progress in the

educational pipeline. This will help monitor their pursuit of a STEM career, if one is

identified.

Beyond the target goals related to student interest in STEM, we observed several

secondary results from this study worth noting here. For example, through participation

many students and community members become lifelong learners, acquiring more holistic

views of not only Western science, but also their own cultural and traditional knowledge.

Several adults, Elders, and staff who participated became implementers of community-

driven, culturally appropriate STEM programs. They awakened local interest in sharing

traditional environmental knowledge. Likewise, after participating in the NSFC, several

Elders and cultural leaders went back to school. Some enrolled in the Piikani (Blackfeet)

studies program at Blackfeet Community College. Another secondary result from the

NSFC projects was a transferring of knowledge between Elders and participants in which

rights were given for participants to hold cultural knowledge within their community.

These instances of lifelong learning and personal growth opportunities extended to the

authors of this study as well. As we shift from oral traditions to embracing multiple outlets

for sharing, such as this written study, we reflect on the process of renewal of knowledge as

an important piece of our roles as researchers, educators, and practitioners.
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Appendix

See Table 3.

Table 3 NSFC supplemental study

Impacts Target area Summary of outcomes

Before-
NSFC

After-
NSFC

Interest

77 % 91 % Interest in Environmental
Science

Analysis indicates a significant (14 %) increase in
impacts to student’s interest in environmental science

88 % 95 % Interest in learning about
traditional knowledge

Analysis indicates an increase (7 %) in impacts to
student’s interest in traditional knowledge

81 % 95 % Interested in learning their
traditional language

Analysis indicates a significant increase (14 %) in
impact to student’s interest in learning their
traditional language

35 % 76 % Learning about areas of
science.

Analysis indicates a significant impact (41 %) of
students increasing their interest in learning about
areas of science as a result of their participation in the
NSFC program

Benefits (academic)

61 % 91 % Interest in a career in
environmental science

Analysis indicates a significant increase (30 %) in
student’s interest in a career in environmental science
through their participation in the NSFC program

84 % 88 % Interest in attending college There is a noted increase (4 %) of students interested in
attending college as a result of being involved in the
NSFC program

64 % 83 % Interest in taking more
science courses

Analysis indicates significant impact (19 %) in
student’s interest in taking more science courses in
high school as a result of their participation in the
NSFC program

Benefits (traditional cultural knowledge)

78 % 90 % Interest in being involved in
community

Analysis indicates a significant impact (12 %) of
students interested in being involved in their
community as a result of their participation in the
NSFC program

81 % 89 % Interest in engaging in
traditional community
activities

Analysis indicates an impact (8 %) of students
interested in engaging in traditional community
activities as a result of their participation in the NSFC
program

86 % 91 % Interest in learning traditional
stories

Analysis indicates an impact (5 %) of students
interested in learning traditional stories as a result of
their participation in the NSFC program

Leadership

60 % 80 % Leadership skills strength Analysis indicates a significant impact (20 %) of
students strengthening their leadership skills as a
result of their participation in the NSFC program

68 % 83 % Making scientific
observations about the
environment

Analysis indicates a significant impact (15 %) of
students indicating they are strong at making scientific
observations about the environment as a result of their
participation in the NSFC program

Statistical Data from NSFC Supplemental Study (Valdez 2012)
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Abstract Scholars proved nature of science (NOS) has made certain contributions to

science teaching and learning. Nonetheless, what, how and how much NOS should be

integrated in the science curriculum of each country cannot be a benchmark, due to the

influence of culture and society. Before employing NOS in a new context, it should be

carefully studied. In assessing views of NOS in Vietnam, a developing country with

Eastern culture where the NOS is not consider a compulsory learning outcome, there are

several issues that researchers and educators should notice to develop an appropriate

instrument that can clearly exhibit a NOS view of Vietnamese. They may include: time for

the survey; length, content, type, and terms of the questionnaire; Vietnamese epistemology

and philosophy; and some other Vietnamese social and cultural aspects. The most

important reason for these considerations is that a Vietnamese view of NOS and NOS

assessment possibly differs from the Western ideas due to the social and cultural impact.

As a result, a Western assessment tool may become less effective in an Eastern context.

The suggestions and implications in this study were derived from a prolonged investigation

on Vietnamese science teacher educators and student teachers of School of Education, at

Can Tho University, a State University in Mekong Delta region, Vietnam.

Keywords Assessment · Nature of science · Science education · Vietnam

Tóm tắt Các nhà nghiên cứu vè̂ giáo du
˙
c đã chứng minh rằng chất của khoa học (Nature

of Science) có những đóng góp nhá̂t đi
˙
nh cho việc giảng da

˙
y và học ta

˙
ˆp các môn khoa học.
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Tuy nhiên, không có một tiêu chuẩn chung trong việc nên lò̂ng ghép những gı̀, như thé̂ nào,

và bao nhiêu khía cạnh của bản chá̂t của khoa học vào chương trình giảng da
˙
y các môn

khoa học của mỗi quốc gia do ảnh hưởng của các nền văn hóa xã hội khác nhau. Do đó, cần
có những nghiên cứu kỹ lưỡng trước khi đưa bản chá̂t của khoa học vào giảng dạy trong
một bó̂i cảnh mới. Trong việc tı̀m hiểu quan điểm vè̂ bản chá̂t của khoa học ở Việt Nam,

một đất nước đang phát triển với nền văn hóa phương Đông nơi mà bản chất của khoa học
không được xem xét đến như một ké̂t quả học tập bắt buộc, có một só̂ vá̂n đè̂ mà các nhà

nghiên cứu và các nhà giáo du
˙
c cà̂n chú ý để phát triển một công cu

˙
đánh giá thích hợp có

thể thể hiện quan niệm về bản chất của khoa học của người Việt một cách hiệu quả. Các vấn
đề trên có thể bao gồm: thời gian cho một cuộc khảo sát; dung lượng, nội dung, kiểu câu
hỏi, và các thuật ngữ trong bản câu hỏi; nhận thức luận và triết học Việt Nam; và một só̂
khı́a ca

˙
nh xã hội và văn hóa tiêu biểu khác của Việt Nam. Lý do quan trọng nhất cho những

cân nhắc trên là quan niệm vè̂ bản chá̂t của khoa học của người Việt cũng như về việc đánh
giá về bản chất của khoa học ở Việt Nam có thể khác biệt so với các nước phương Tây dưới
tác động của văn hóa và xã hội. Điều đó có thể dẫn đến việc một công cu

˙
đánh giá phương

Tây trở nên kém hiệu quả trong bó̂i cảnh phương Đông. Những ý kiến và đề xuất từ nghiên
cứu này đã được rút ra từ một cuộc điều tra kéo dài trên các giảng viên và sinh viên của
Khoa Sư phạm, Đại học Cà̂n Thơ, trường đa

˙
i học vùng của khu vực đồng bằng sông Cửu

Long, Việt Nam.Mặc dù tại thời điểm này, không có giải pháp tối ưu cho một só̂ khı́a ca
˙
nh,

đặc biệt là những gì liên quan đến truyền thống xã hội và văn hóa của Việt Nam. Các nhà

nghiên cứu có thể chuẩn bị các nghiên cứu của mình tốt hơn dựa trên những kinh nghiệm
nêu trên. Ngoài ra, không dẽ̂ dàng để giải quyết tất cả các vấn đề cùng một lúc bởi vì chúng
được liên kết chặt chẽ với nhau và có thể gây cản trở lẫn nhau. Các nhà nghiên cứu, do đó,
cần phải đưa ra quyết định của riêng mình dựa trên mục tiêu cần nghiên cứu.

The reasons why Nature of Science (NOS) should be a learning outcome in science

education were widely discussed with little controversy. It is now broadly accepted in the

science educators’ community that NOS is an essential part of science teaching with

important implications (Niaz and Maza 2011). However, there are countries such as

Vietnam that still does not consider NOS in the science curriculum. Part of our study on

Vietnam’s classroom learning environment under the lens of constructivism used a derived

version of the Constructivist Learning Environment Survey (CLES) questionnaire of Peter

C. Taylor and Barry J. Fraser (1991) in 2012 (Taylor and Fraser 2012) with respectively

335 and 102 students responded for the actual and preferred forms (Thao-Do, Bac-Ly, and

Yuenyong 2014). It showed that the scientific uncertainty scale scored 3.27. This indicated

that scientific uncertainty was sometimes taught in the actual Vietnam classroom context.

Interestingly, this scale produced the insignificant score for more expectation for the

students’ preferred classroom, with the mean difference (P-A) being only 0.29. Based on

our observations from fifteen teaching periods in seven different classes and from the

interviews with five educators whose classes were observed, scientific uncertainty was

taught but with implicit approaches. Through the process of teaching scientific knowledge,

educators related the lesson to some aspects of the nature of science that contain scientific

uncertainty. However, they neither let their students know that this is NOS nor did they

review the students’ understanding. The stories behind the scientific knowledge and

inquiry were mostly used as a means of making the lesson attractive for the purpose of

content delivery. From the syllabus review, no learning goals and assessment goals were

set for NOS. In addition, through informal conversations, it was clear that the term “nature
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of science” is unfamiliar to Vietnamese educators, yet the detailed aspects of NOS could be

realized. The low expectation of the student teachers for more NOS teaching may be

explained as they did not realize the importance of an informed view on NOS rather than

they were satisfied with what they learnt. Our study on part of Vietnam’s Physics cur-

riculum, on heat and NOS-related concepts through history of science indicated that there

are no explicit messages of NOS although those parts contribute to half of the curriculum

for grade 8 and grade 10 Physics (Thao-Do and Yuenyong 2013). Therefore, although

Vietnamese teachers and students can gain some understanding about NOS through the

learning processes and investigations, NOS is now a “side” learning outcome only. The

nature of science is a novelty for teachers and students in Vietnam. There is no previous

research about NOS in Vietnam other than the studies of our group that resulted in no

generally accepted “consensus” and “informed” views of NOS in Vietnam. Consequently,

the assessment process will face numerous difficulties. Some of them will be discussed in

the following parts.

Criticisms in NOS understanding assessment

Under a constructivism paradigm, to help learners successfully construct their own

knowledge, teachers’ understanding about learners’ prior knowledge and assumptions is

vital. That is, learners’ current views and understanding should be appreciated. Unfortu-

nately, research indicated difficulties in identifying NOS understanding. In particular, there

is no universal way to categorize the aspects of NOS and there are no generally accepted

and widely used instruments for evaluating students’ and teachers’ understandings of NOS

(Lederman 2007). Finding a universal way to categorize the aspects of NOS, however, is

not an imperative focus of science education. As argued by William F. McComas et al.,

“one of the central responsibilities of science teachers is to provide an accurate description

of the function, processes and limits of science rather than to engage students in the

somewhat arcane arguments that occur among philosophers of science” (McComas,

Clough, and Almazroa 2002, p. 6). The consensus views of NOS, which were repeatedly

reported in the works of McComas et al. and Norman G. Lederman et al. (e.g., McComas

and Olson 1998; Lederman 2007) are widely accepted in the scholar community. On the

other hand, to assess NOS understanding, there are quite many instruments as summarized

by Lederman (2007). Yet, as criticized also by Lederman, “most of the instruments address

only certain aspects of NOS and often inappropriately confuse the issue by addressing

areas other than NOS, including science process skills and attitudes toward science” (2007,

p. 863). Most of the large-scale studies used a standardized instrument because the process

of data analysis is generally simple with the availability of supportive materials and

technology to enter, analyze and interpret results. The standardized instrument also pro-

vides an availability of normative data. However, the standardized instruments that have

generally been considered to be valid and reliable measures the generally accepted con-

sensus view of NOS, are also involved in with several criticisms as the following

(Lederman 2007, p. 863):

1. Based on fault assumption that respondents perceive and interpret an instrument’s

items in the same way as researchers do

2. Usually reflected the developers’ NOS views and biases

3. Limitation in labeling participants’ views—mostly by assigning student views

cumulative numerical values rather than elucidating and clarifying such views.
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For the purpose of reducing these limitations, Lederman et al. (2002) developed an

open-ended tool that allows respondents to express their own views toward the topic and

avoid the imposition of the researcher’s views. This tool is indeed successful for its

purposes. However, the open-ended questionnaire reveals other limitations such as being

unsuitable for testing a large group, researchers may misinterpret participant’s responses,

and the questionnaire might not be effective without follow up interviews. It is obvious that

no single universal best instrument exists for all contexts. Consequently, to choose an

instrument for assessment of NOS in Vietnam, Vietnam’s context should be carefully

considered. Researchers, therefore, should have some basic understanding of the focus and

agenda of Vietnam’s science education.

Vietnam’s science education context

The Vietnam education system is rather centralized. Vietnam’s Education Law, Article

Fourteen (Vietnam’s National Assembly 2005, p. 5) states that:

The government uniformly manages the national education system including goals,

programs, content, educational planning, teacher standards, examination regulations,

the system of diplomas and certificates; focuses on managing educational quality,

implementation of the assignment and decentralization of education, and strength-

ening the autonomy and responsibility of educational institutions.

Assessment is rigid where numbers, time, and types of exams at each grade are con-

trolled by the stakeholders. Teachers, therefore, hesitate to assess anything more than what

is required. Students’ learning outcomes are mostly knowledge and analytical thinking

skills in which teachers teach students how to make sense of the concepts, discuss under

oriented methods, remove the wrong directions, and find the most correct answers. The

learning outcomes are assessed mostly by paper–pencil tests. The curriculum for all levels

of science subjects does not regard NOS as a required learning outcome. Therefore, no

attention was paid to teaching NOS and for assessment of students’ understanding of NOS.

Since 2002, secondary graduation and undergraduate entrance exams are conducted

with “three same-”: same time, same exam questions, and using same results to apply to

different universities and colleges. Science education in Vietnam became even more

centralized. From 2007 up until now, these exams were conducted by multiple-choice tests.

Since then, even though MOET encourages teachers using flexible ways of assessment in

their class, assessment throughout upper-secondary education was mostly multiple-choice

as a way to prepare for the students. This trend significantly broadens students’ knowledge

thanks to the broad coverage of the assessment, yet, unfortunately, results in low order

thinking skills. Also, an overemphasis on rote memorization of factual knowledge and a

lack of emphasis on conceptual learning or higher order learning (e.g., analysis and syn-

thesis) result in shallow rather than deep student learning. Student learning is passive in

that the learning activities are mainly listening to lectures, taking notes, and reproducing

memorized information on exams (Stephen et al. 2006, p. 10). The country, however, has

realized these weaknesses and supports the more student-centered teaching approaches in

which constructivist learning is a promising choice.

Through the lens of constructivism indicated by Taylor and Fraser (1991), nature of

science, which is partially presented in the scientific uncertainty scale, is considered a main

part of the constructivist learning environment. This scale closely relates to NOS tentative
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and social–cultural aspects. Therefore, for more constructivist science education, Vietnam

should pay more attention to NOS. In 2012, following the trend of globalization in edu-

cation, Vietnam joined the Programme for International Student Assessment (PISA)

organized by the Organization for Economic Cooperation and Development (OECD). In

this program, beside scientific knowledge and the use of scientific knowledge, the OECD

regards some important features of NOS in their science literacy such as view of science as

a form of human knowledge and enquiry (Schleicher et al. 2009). Hence, we can say that

since Vietnam joined PISA, they may need to incorporate more NOS in their future science

teaching.

Although nature of science is a new term in Vietnam’s science education, it does not

mean that features of NOS were not regarded during the teaching and learning. It is certain

that during learning scientific knowledge and engaging in scientific inquiry, several values

and assumptions about science will be constructed. However, as studied and reviewed by

scholars, the best way to teach NOS is an explicit approach. That means “NOS might best

be taught in the same manner as other more traditional cognitive outcomes… Explicit

refers to instructional approaches that make aspects of NOS visible in the classroom. That

is, students are engaged in discussions that ask them to reflect on what they did during

investigations and what implications these activities have for the resulting knowledge and

conclusions” (Lederman 2006, p. 5). If not, the NOS learning outcomes will be diverse and

not necessary the informed views will be constructed. The Vietnamese views of NOS,

which are constructed by an implicit approach and are directly affected by the cultural and

social context, could be considerably altered from the standard views.

Moreover, very few studies from Vietnam have been conducted and reported interna-

tionally. Perhaps because the fact that Vietnam is a developing country that has just

recovered from the war for \40 years. The country is facing the great mission to catch up

with the developed countries. Therefore, Vietnam has more urgent priorities to focus on

rather than to support research. Most of the schools in general education levels including

primary, lower secondary and upper secondary do not have responsibility for doing

research nor have budget to support research. Only in higher education research is

encouraged but with insignificant financial support that makes it an auxiliary responsibility

of educators. Vietnam with its own culture and social context creates considerable diffi-

culties for researchers. As a result, the assessment and interpretation of Vietnamese views

of NOS may confront a variety of dilemmas with some of these to be discussed in the next

parts.

Methodology

Our methodology incorporated multiple paradigms. The researchers worked within multi-

paradigmatic research design spaces, drawing on interpretive, critical and postmodern

paradigms to create a powerful hybrid research method of critical auto|ethnographic
inquiry (Taylor, Taylor, and Luitel 2012). We critically investigated our dilemmas in

examining understanding of the nature of science from our cultural situatedness which has

been shaped by cultural, social, political and economic imperatives. We reported here the

experiences withdrawn from our long term investigation on Vietnamese science teacher

educators and pre-service teachers’ under-standing of NOS. The purpose of the paper is to

represent a rich comprehensive picture of the problems in its cultural and social bounds.

Therefore, this study was conducted under an interpretive research paradigm which is, as
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noted by Taylor et al. (2012, p. 377), “concerned primarily with generating context-based

understanding of people’s thoughts, beliefs, values and associated social actions.” To serve

the purpose, a hybrid, critical ethnography method was employed by various means and

multiple data sources to gather as much information and from as many perspectives as

possible. This inquiry is not a pure qualitative research although the statistical numbers are

infrequent in this paper. The ratios of the responses for the paper–pencil/online survey,

multiple choice/open-ended items, or for one particular question, etc., all contribute to the

interpretations and suggestions.

The research started in October 2012 with the constructivist learning environment study

using a derived version of the standardized instrument CLES of Taylor and Fraser (1991),

observations, and interviews as noted before. Stated previously, the inappropriate state of the

scientific uncertainty scale on the actual context and on the preferred classroom called for

deeper and more thoughtful research on Vietnamese understanding of NOS. Therefore, a NOS

workshop was organized in March 2013 with the participation of thirty Vietnamese science

educators and student teachers. The NOS assessment tool for the workshop is the open-ended

ViewofNature of Science questionnaire formC (VNOS-C) (Lederman et al. 2002) because the

tool provides participants freedom to express their ideas.When there is no previous research on

Vietnamese views of NOS, an open-ended tool may significantly avoid the imposition of

expert-views of NOS and the presumptions on Vietnamese views of NOS. Results from this

study however indicated several great limitations in using an open-ended tool in Vietnam.

These limitations will be indicated later in later parts. The process of data collection and

analysis revealed great limitations and dilemmas caused by the bonds as well as the contra-

dictions of these problems: time for the survey; length, content, type, and terms of the

questionnaire; Vietnamese epistemology and philosophy; and some other Vietnamese social

and cultural aspects. Based on what happened in the real context, the later studies include the

development, trial, and employment of a Vietnamese View of Nature of Science (VN-VNOS)

Questionnaire. The questionnaire was developed based on the VNOS-C of Lederman et al.

(2002) and the achieved data and experiences from previous studies with careful consideration

of the Vietnamese context. There was also consultation with eight educators about the tool. A

pilot test with 42 student teachers and a survey of 278 student teachers was conducted.

The participants were from the School of Education, Can Tho University, the state

university in Mekong Delta region, Vietnam. The first author, being a Vietnamese physics

teacher educator at Can Tho University, has certain realistic understanding about Viet-

nam’s science education system, curriculum, assessment, and Vietnamese cultural and

social traditions in teaching and learning. The second author looked at the phenomena from

the view of an outsider. The combination of the two different views provides the most

comprehensive conclusions with effective suggestions and solutions for the problems that

arose during the NOS investigation process. The following are several of the most

noticeable problems that caused the dilemmas which researchers may deal with in

investigating Vietnamese understanding of NOS.

Dilemmas in assessing NOS in Vietnam

Time for a survey

Time for a survey is extremely restricted inVietnam.Due to the fact that Vietnam’s schooling

foundation is still very low, most of the schools in Vietnam have two shifts a day for different
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grade levels. Vietnamese secondary students of each grade level usually study in one of the

shifts, the morning shift or the afternoon shift, fromMonday to Saturday. Depending on each

subject, teachers in Vietnam usually have only one to three teaching periods (each teaching

period is 45 minutes) per week to deliver all the content required in the curriculum designed

by the MOET to students. For example, normally Vietnamese Physics teachers have two

teaching periods per week for the basis class and three teaching periods per week for the

advanced class. To maintain the content delivery in such a short time in a big size class

(normally around forty students), Vietnamese teachers encounter great challenges. There-

fore, the spare time for survey in class is extremely limited. For sure researchers should not

use the whole class period for the survey because it will seriously affect the teaching plan of

teachers. A short, 5–10minutes surveymay be conducted in class.However, ifmore than that,

it should be either a take-home survey, or researchers must get the participants together in

their free time. The later is not a very good choice because each student has his/her own out-

of-classroom schedule. Even a 15minutes survey, whichmay be considered as a short survey

in Western countries, is not suitable in Vietnam’s classroom context. Typically, even in our

first investigation using the CLES questionnaire of Taylor and Fraser (http://surveylearning.

moodle.com/cles/) with twenty-five statements that cost Vietnamese participants only

10minutes or less to complete, most of the surveys can only be conducted during class break.

Most of the teachers helped us to deliver the questionnaires to the students at the end of their

classes and asked the students to do the survey in their class break. Only aminority number of

teachers spared their 10 minutes class time to let the students fill in the questionnaire. Of the

listed validated NOS instruments in the Lederman summary list (Lederman 2007, p. 862),

most of them are too lengthy except the instruments that focus on only one or a few aspects of

NOS. Therefore, reducing the content and length of the questionnaire to make it short while

maintain its validity and reliability is a big challenge but extremely essential for researchers in

Vietnam.

Content and length of the questionnaire

To make the instrument brief and condensed, questions that cannot reveal a clear view of

the NOS should be discarded. For example, in VNOS-C of Lederman et al. (2002), the

question “what is an experiment?” (VNOS-C 2) in fact fails to reveal the clear view of

NOS from all thirty Vietnamese participants. Therefore its removal is recommended. The

question, however, can be assigned in the interview form for a detailed survey because its

derived questions can show some NOS aspects such as understanding of scientific method

or the role of imagination and creativity in science.

Also, questions with similar results on NOS views also should be eliminated unless the

author wants to check for internal reliability. For example, these two items in VNOS-C

(Lederman et al. 2002, p. 509) in fact ask for similar issues with different specializations:

VNOS-C 6: “Science textbooks often represent the atom as a central nucleus com-

posed of protons (positively charged particles) and neutrons (neutral particles) with

electrons (negatively charged particles) in motion around the nucleus. How certain

are scientists about the structure of the atom? What specific evidence do you think

scientists used to determine what an atom looks like?”

VNOS-C 7: “Science textbooks often define a species as a group of organisms that

share similar characteristics and can interbreed with one another to produce fertile

offspring. How certain are scientists about their characterization of what a species is?

What specific evidence do you think scientists used to determine what a species is?”
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Although the use of the two questions in parallel may increase the inner reliability of the

instrument and may reveal more data than using a single one, this may significantly

lengthen the time to complete the form. Therefore, in assessing NOS in Vietnam, only one

of them should be used. We recommend the question about “atom” should be used instead

of the question about “species” because the concept “species” is taught only in Vietnam’s

grade 12 Biology (Dat et al. 2007–2013) where “atom” is introduced from grade 8 Physics

(Quang et al. 2003–2013) then is repeatedly used in later lessons. Also, “atom” is taught in

grade 8 Chemistry (Trong, Cuong, and Hien 2003–2013) and grade 10 Chemistry (Truong

et al. 2006–2013) in Vietnam. Besides, a slightly revised version of VNOS-C created by

Goff et al. (2012) in which the question about “species” was replaced by the question of

“element” is also recommended because grade 8 Vietnamese students start to study about

elements in Chemistry (Trong et al. 2003–2013) then use this concept in numerous

chemistry lessons, until they finish their upper secondary school. Although these questions

do not ask for participants’ understanding of the scientific concepts, a new concept in the

question will surely distract participants’ focus away from what we want to assess. In fact,

in our study, some participants reflected that they did not know how to answer all the

questions because some do not belong to their major. We suggest that instrument with

specific examples in science should be revised for each particular subject by using concepts

and problems that belong to each subject but can raise similar aspects of NOS. For

example, the hypotheses about the distinction of dinosaur, which belongs to biology, should
be replaced by the hypotheses about the origin of the moon for physics teachers. Noted that

in Vietnam, astronomy is generally considered a brand major of Physics. The use of a more

subject-specialized instrument could also help researchers within the subject expertise

interpret results from the respondent’s scientific examples more easily and precisely.

Type of the instrument

As mentioned previously, when Vietnamese students and teachers are mostly using mul-

tiple choice questions in their assessment, standardized instruments maybe is the easiest to

use. However, when there is no previous research in Vietnamese view of NOS, open-ended

questions could reveal more information because “open-ended questions provide more

freedom for respondents to express their own views of the scientific enterprise while

helping to avoid the imposition of researcher’s views” (Bell and Lederman 2003, p. 355).

Noted that NOS is a Western idea, thus when applied in Vietnam, an Asian country, the

imposition of expert view may significantly distort the Vietnamese view of NOS.

Nonetheless, the open-ended questionnaire should be applied in a small group only to get

the general ideas on Vietnamese views of NOS. The result from it will orient researchers to

develop or choose a more appropriate instrument.

Typically, our open-ended survey resulted in these problems:

● Most of the feedback is incomplete where the supporting evidence and examples for the

ideas were not provided

● No response to some questions

● Participants wasted time rewriting the question in their answer

● Answers scatter beyond the scope of the question

● Answers with unclear view

It is the fact that most people prefer to answer a multiple-choice question than an open-

ended question in a survey, simply because it takes less time and effort to write down the

answers. This is particularly true in Vietnam where most of the optional open-ended
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questions in surveys receive no response. For an example, at the end of every course at Can

Tho University, students must fill in a questionnaire which asks for their reflections about

the course with eleven multiple-choice questions and one open-ended question. Almost all

of the multiple-choice questions were answered, but very few responses for the open-ended

one were collected (from Quality Assurance and Testing Centre website, CTU).

Online survey is not a good option in Vietnam even though ICT is common in Vietnam’s

University. Our online VNOS survey was sent to forty lecturers of the three Departments of

Biology, Chemistry and Physics Teacher Education of the School of Education, Can Tho

University through email using SurveyMonkey website (https://www.surveymonkey.com/).

Nonetheless, after 2 months we received only two responses. The first response has similar

problems as the paper feedback where the supporting ideas were not provided. The second

response identified another problem when it is too long and accurate. After checking, we

found that the participant searched the internet for the answers instead or sharing his own

view. The problem here may be the unwillingness to share one’s own ideas, which belongs

to the social and cultural aspects that will be discussed later.

From these experiences, a totally open questionnaire is not a very good choice. Instead,

the standardized multiple choice tool will be more effective. However, for researchers who

want to explore Vietnamese typical views of NOS, and study not only on the similarities

but also on the differences between Vietnamese views and Western views, a combination

of a standardized tool and open tool would be more effective. Our study also leads to a

suggestion for the use of an instrument that combines:

● Multiple choice questions with spaces for supporting idea

● Multiple choice questions with an open choice

● Question with short answer options and open-ended option

● Two-tier question with an open option

● Open-ended question

From this combination, the following essential points will be assured. First, the instrument

can guide the response focus on its scope, especially when the nature of science is new in

Vietnam and when Vietnamese may has different assumptions on the connotation of the term

“nature of science”. Second, the open-ended parts guarantee that the respondents have the

chance to express their views which differ from what the expert expected. The supporting

ideas will be a very valuable channel to check for the validity and reliability of the response

within the questionnaire. Also, they can be used to modify the conclusion on the participants’

view where the border between two categorizations is not very clear. Even though when the

participants do not share their ideas in the open-ended questions, we still get some general

images from the multiple-choice and short-answer parts. Third, the provided multiple choices

and short answers will significantly shorten the time for the survey because the respondents

have no need to write much. In conclusion, before we are sure about all the alternatives of

Vietnamese views of NOS, a questionnaire which is combined from multiple choices and

open-ended parts will be the best suggestion. However, to design a totally new NOS

assessment tool for Vietnamese, researchers will face a complicated and costly process to

assure the validity and reliability of the tool. It would be wiser and simpler to develop a

Vietnamese NOS tool based on a validated instrument.

Epistemology and philosophy

NOS is a complicated notion which “blends aspects of various social studies of science

including the history, sociology, and philosophy of science combined with research from
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the cognitive sciences such as psychology…” (McComas et al. 2002, p. 4). Therefore, to

understand how NOS may be interpreted in Vietnam, it should be looked at from the

important foundations of Vietnam education. Vietnam’s Education Law, Article Three

(Vietnam’s National Assembly 2005, 2009) stated the nature and principles of education

are “…based on Marxism-Leninism and Ho Chi Minh’s thoughts.” Ho Chi Minh’s

thoughts are mostly concerned with revolution, nationalism, socialism, democracy, human

moral values, etc., and do not interfere the general accepted consensus views of NOS. On

the other hand, Marxism-Leninism may have a deeper impact on Vietnamese views of

NOS because this paradigm regards human cognition about the world. At tertiary educa-

tion, Marxism-Leninism is a compulsory subject in Vietnam and affects Vietnamese view

of NOS at some certain extents.

Similar to what happened in China that was reported by Zhi Hong Wan et al. (Wan,

Wong, and Zhan 2013, p. 1121), that is “Marxists use the word “truth” to describe sci-

entific knowledge… Scientific knowledge at a certain period of human history is

considered as “relative truth” and the development of scientific knowledge as a whole is a

progressive process approaching the “absolute truth” in the world. Briefly speaking, sci-

entific knowledge is a unity of relative and absolute truth.” In Vietnam’s Philosophy

textbook for university students, dialectical materialism also affirms that humans can fully

understand the world (Vietnam’s Ministry of Education and Training 1997). This may

contradict the tentativeness of scientific knowledge contented in NOS, which emphasizes

that science cannot solve all problems. These ideas from Marxism and Leninism support

positivism and contradict constructivism in which NOS plays an important part. NOS

supports the idea of “no absolute knowledge”, and that “scientific knowledge will change,

although it also has the durable characteristic”. In fact, from our studies, many participants

do believe “scientific knowledge is the truth” while thinking that “scientific knowledge will

change”. For that reason, researchers should have basic understanding about Marxism and

Leninism to interpret Vietnamese responses. More details for the contradictions between

Marxism with the current NOS were discussed by Wan et al. (2013). Because Vietnam

inherits much of the culture and philosophy from China, these matters are in agreement

with Vietnam’s context.

Terminology and colloquialisms

We also found that participants made mistakes by using some scientific terms in a daily life

meaning. In particular, some participants misinterpret the term “scientific law” with “legal

law”, “scientific theory” with “hypothesis”, “create” with “discover”, etc. Moreover, in

Vietnam, the term “science” expresses many disciplines including natural, applied, and

social sciences. Noticeably, philosophy also is considered “science” in Vietnam. This

makes the use of the first question in VNOS-C (Lederman et al. 2002, p. 509) “…What

makes science (or a specific discipline such as physics, biology, etc.) different from other

disciplines of inquiry (e.g., religion, philosophy)?” to be carefully revised. Therefore, it

should be necessary to explain the definition and denotation of the term briefly and directly

in each question for participants.

As mentioned in the first part, “nature of science” is a new notion in Vietnam which

currently has no specific definition. The literal translation of the phrase from English to

Vietnamese may result in a totally different meaning to what was stated in the scope of this

paper. In particular, in a bachelor thesis defence in Physics Teacher Education in 2011

where the first author sat as an examiner, the student teacher and her supervisor related the

“nature of science” of a physics problem to “the main scientific concepts used to solve that
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problem”. Perhaps, the explanation is that because the term “nature”, with the best

equivalent term in Vietnamese is “bản chất”, besides the meaning of “character”, can also

indicates the “core” of a problem which may refer to the “key concepts”. When Viet-

namese does not refer the term to “the values and assumptions inherent to scientific

knowledge and the development of scientific knowledge” (Lederman and Lederman 2004,

p. 36) or to what “describes how science functions” (McComas et al. 2002, p. 5), the use of

the term in Vietnam will be tricky. As a result, if using the term “nature of science” in

Vietnam, a brief definition of the term should be provided. However, in previous research,

there are many different ways to describe the term in which there is no generally accepted

definition that best describe the term clearly and precisely. It is the case that a short phrase

should be used to stand for the term during interviews or workshops, it will be more

appropriate to switch to other expressions such as “characters” of science, “features” of

science, or “ideas” about science. Although these words cannot reveal the whole picture at

once, they disclose more figurative ideas than the phrase “nature of science” in Vietnam.

Other social and cultural aspects

Participants scared of making a mistake

Vietnamese usually do notwant others to see the limitation of his/her knowledge, or are afraid

of making amistake. Students do not want to question their teachers or answer a problem that

they do not know well. They are afraid of saying something dull while their friends are

presumed “already understood”. Our study on constructivist learning environment also

confirmed this assumption whenmost of the interviewed teachers shared the same ideas. The

assumption is, unfortunately, in accordance to what happened in our observed classrooms

where the students preferred to ask their near-by friends to clarify the unclear problems

instead of responding to the teachers. Usually, only the students who can solve the problem

will raise their hands to answer. This is, in fact, a feature of Vietnamese culture and a

Vietnamese habit ofmind as illustrated by aVietnamese proverb “biết thì thưa thốt, khôngbiết
thì dựa cột mà nghe”whichmeans “if you know, answer; if you don’t, keep silent and listen to

the others.” Also, from the first author’s experience, it is very common in Vietnamese

classrooms that teachers ask their students at the end of the lesson “Do you understand? Any

questions?” to reflect on the lesson but the students remain silent. Some teachers, instead of

using the above questions, ask their students “What do you not understand?” but the students

react in the same way. The explanation from the students is that they are too shy to admit that

they are not intelligent enough to fully understand the lesson. This can explain the problem

that one participant searched the internet to find the answers to fill in the questionnaire instead

of sharing his own view. It is expected that a proper understanding of NOS can reduce this

fear, as NOS will show that human mistake is unavoidable and is appreciated in science. A

clear instructionwith encouragement and high appreciationwill also help. In the case of using

an interview, it should be conducted in an informal manner to help the participants easily

represent their own ideas in the context of Vietnamese culture.

Vietnamese passive learning style

This is not only a Vietnamese problem but an Asian problem in general as pointed out in a

review by Cao Thanh Nguyen (2011). It can be said that in general, Vietnamese learners

are much more passive in learning in comparison to Western cultures. This is a result of the

Vietnamese agricultural traditions and the Confucianism paradigm. Traditional agricultural
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culture in education is transmissive teaching where knowledge is transmitted from the

“more experienced” to the “less experienced”. In education, Confucianism is also an

important factor in Vietnam (Jamieson 1995). Confucianists highly appreciate the hier-

archy of a society, the values of morals, harmony, humanity, and tolerance among humans.

Yet, some instructions of Confucianism are not suitable and not appropriate in a modern

educational context. As reviewed by Nguyen: “The Confucian model is teacher-centred,

closed, suspicious of creativity, and predicated on an unquestioning obedience from the

students” (Nguyen 2010, p. 11) and “…In brief, Confucius prefers students to learn, to

think and to behave intrinsically rather than extrinsically and to learn collectivistically

rather than individually” (Nguyen 2011, p. 7). These ideas conflict with the ideas of

constructivism where students construct their own knowledge actively. Therefore, learners

do not usually express their opinions and take part actively in discussion about one topic,

even when the teachers ask them. In addition, sharing academic ideas is a drawback of

Vietnam. If a task is not compulsory, Vietnamese are generally not willing to do it, or just

ignore it. This maybe the main reasons why there are only two responses from the forty

lecturers whom we sent the online survey to. Moreover, some participants in the NOS

workshop clearly indicated their hesitance when we asked them to fill in the survey for us.

The result is, when the participants are not willing to take the survey, their answers are

normally short, too general, careless, or even missing. However, for young learners, if the

task is assigned by their teachers, they will complete it quite careful. Thanks to the

hierarchy and Confucianism tradition that are still very strong in Vietnam, the teachers

have top power in class and the high respect from their students. The demands from

teachers will be performed thoughtfully. Certainly, participants will hesitate to complete a

long survey. For the adult participants, it is especially true. In this case, other solutions

should be employed instead. One of those could be the balance between “give” and “gain”.

Balance of “give” and “gain”

In Vietnam, usually a short survey (10 minutes or less) costs almost nothing if you have the

help from stakeholders and teachers. Most of the teachers in Vietnam will help to collect

the data from “if you ask for”. It is important to note that in Vietnam, when people talk

about a teacher career, they will think of a low salary job although “teacher” is considered

the noblest job. While the national budget expenditure on education significantly increases,

from fourteen USD to ninety-two USD per person per year respectively since 2000–2012

(Vietnam’s Ministry of Education and Training 2013), the salary of teachers is not satisfied

yet. Particularly, based on Vietnam’s General Statistics Office, in 2012, the average

income per capita, per month is 2.0 million Vietnam Dong (VND) (2014b) and the

expenditure per capita, per month is 1.608 million VND (2014a). On the other hand, a

national scale study on solutions for reform in training and retraining secondary teachers

run by the Former Vietnam’s Vice President Nguyen Thi Binh during March 2010 to

September 2012 indicated that the average teacher’s income from wage and salary

allowance in 2012 range from 3.0 to 3.5 million VND per month for different levels of

schools (Nguyễn and Ánh 2012). That means: a teacher with 13 years of experience had a

salary from 3.0 to 3.5 million VND per month; a teacher with 25 years of experience had a

salary from 4.1 to 4.7 million VND per month; a newly graduated teacher in both primary

and secondary schools received a salary of around 2.0 million VND per month. If a teacher

takes care of another person (child or parent), his income becomes insufficient. Therefore,

most of the teachers have to do extra jobs out of school time to support themselves and

their family. One of the most common is opening private tutor classes. As reported by
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Young Lives (Lan and Jones 2006, p. 5), Vietnamese students are over-reliant on private

tuition with twenty percent persuaded by their teachers.

Teachers’ low salaries have been a topic to discuss widely in the media with no applicable

solution while the country is still rather poor. Because of the insufficient income, teachers

may consider participation in a free survey as a burden, not a community service. Also,

commonly in Vietnam, after finishing the required duty teaching periods, a teacher can

receive extra money for every extra teaching period that he takes. From this regulation,

teachers may think that if they do extra jobs, then they should get more payment. The

researcher, therefore, should carefully regard this social aspect of the Vietnam context for his

study. Certainly researchers and educators might prefer the idea of letting the participants

realize their contributions to the community by taking part in a research voluntarily. Yet,

preparation for alternative directions of study is a worthwhile consideration.

Vietnamese assumptions on the role of NOS

In a socialist country like Vietnam, there are several ideas of Rosalind Driver et al. (1996)

about the roles of NOS on utilitarian, democratic, cultural, moral, and science learning

issues that seem go beyond the normal consideration of Vietnamese. For example, not

many citizens (including teachers and students) have appropriate opportunities to give

ideas for socio-scientific issues and participate in the decision-making process. As a result,

they may think that it is the job of scientists, researchers, and stakeholders, and that it is not

their job to care about those things. Similarly, “do students really need to understand about

NOS for their own good in a convenient life?” is a question from some Vietnamese

educators during the informal conversations with the first researcher. It is also true on the

student side when Vietnamese students appeared satisfied with what they already learnt

from school. In fact, as indicated previously, in our CLES study, scientific uncertainty is

only “sometimes” learned in class yet there was no considerable expectation for the pre-

ferred class. These assumptions may make the Vietnamese teachers and students reluctant

to take part in the NOS investigation. Nevertheless, under the globalization, Vietnam will

learn and engage from more and more experience of the world, and Vietnamese citizens

will involve more on the socio-scientific decision making. Thus, nature of science will gain

more attention in Vietnam’s science education. Assessing Vietnamese views of NOS,

therefore, is necessary to prepare for science education development.

Conclusion

The previous problems give a representation of how Vietnamese cultures and social

behaviors impact views of nature of science assessment. Experiences and suggestions from

this study can be a useful guide for researchers who want to conduct research in Vietnam,

not only on NOS views, but also on other subjects. It could be a reference for other

developing countries with similar culture and economic conditions as well. In the mean-

time, there are actually no best solutions for some of the aspects, especially what regard the

social and cultural traditions of Vietnam. However, researchers can have better preparation

based on these experiences. Also, it is not easy to solve all of the problems at once because

they are closely linked together and may obstruct each other. Researchers, therefore, need

to make their own decision based on the research objectives. All in all, “do appreciate

culture and make use of it” would be a clever way to do research in Vietnam.
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Abstract The two authors, Thi Phuong Thao-Do and Chokchai Yuenyong, explored the

Nature of Science as it is understood in Vietnam, a fast-developing ‘ancient’ and modern

country which continues to be shaped by uniquely Asian social norms and values. Upon

reviewing their paper, I observed strong parallels to the country, the United Arab Emirates,

where I have lived and worked for 20 years. In this forum piece, I described several areas

of similarity and one striking area of difference between the two societies.

Keywords Culture � Norms and values � Rentier � Emiratisation

Vietnam is located thousands of kilometres from the United Arab Emirates (UAE) in an

entirely different continent with its own unique history and culture. It is therefore sur-

prising that when I was asked to review this paper, strong parallels emerged between the

two societies in a number of specific areas which I wish to explore in this discussion piece.

There are also one area of difference which I will describe towards the end.

The UAE has a centralized education system in which a teaching pedagogy is practised

that reflects social and religious norms. Learning in the region has historically been centred

around methodologies to assist recalling the verses in the Qu’ran, Islam’s holy book. These

methodologies include rote memorization of factual knowledge resulting in shallow con-

ceptual learning, strong teacher-centrism that discourages participative learning and
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questioning, and accurate reproduction of memorized information in formal assessments.

Together, these practices encourage and produce passive learners (Hatherley-Greene

2014).

Accordingly, the UAE performs below the global average when learning is assessed by

international assessments such as Trends in International Mathematics and Science Study

(TIMSS) and Progress in International Reading Literacy Study (PIRLS) (Dubai TIMSS and

PIRLS 2011 Report 2011). However, the 2011 results show that the Emirate of Dubai

performed well within the region with strong positive improvement compared to the 2007

results.

Another area of similarity comes from the section entitled ‘‘Other social and cultural

aspects’’. Here, the authors describe a socio-cultural behaviour, aversion to making mis-

takes, that is prevalent in the Arab world. As a teacher for 16 years in a UAE university,

this behaviour was evident in a number of different settings. Firstly, it is considered to be

rude and culturally insensitive to publicly rebuke Emirati students, even in a joking

manner. Personal façade is very much part of their social norms, even more so than in the

West. Secondly, they do not wish to be singled out by teachers, either for positive or

negative reasons. Praising a student publicly in class is likely to produce the same impact

as scolding them. Thirdly, Arab students will often provide an answer they think the

teacher wants to hear. This behaviour was manifested in my research which was based

upon a number of different surveys.

Staying with this section, another item, Vietnamese passive learning style, has already

been partially explored earlier in this paper. However, the underlying cause differs. In

Asia, Confucianism supports a rigid social hierarchy with its inherent respect for authority.

In the Gulf region, tribal rules and behaviour, pre-dating the arrival of Islam in the seventh

century, centred on strong leadership and family ties still dictate modern social behaviours

that rank authority figures (the eldest son, father, teacher, religious clergy, Sheikh) above

the general population in terms of deference and respect. This plays out in many areas of

life in the Arab world, but its impact in education, especially in high schools where male

Emirati students leave in droves from Year 10 onwards, has produced a striking gender gap

in UAE post-secondary education (Ridge 2009; Hatherley-Greene 2014). Passive learning

cultures leave no room for learner engagement and participation, and with that, the sense of

disengagement, feelings of disenfranchisement and a loss of self-worth and esteem become

pronounced.

Learner passivity follows Emiratis out into the world of work where they tend to follow

their father’s footsteps and opt for secure, low accountability, high-salaried positions

within the UAE government sector. The private sector poses too many challenges for most

school-leavers apart from those who have been educated abroad and who see the potential

and possibilities, despite the challenges (less starting pay, longer days, less holidays and

working benefits, language and cultural barriers), of a worthwhile and fulfilling career.

Unlike Vietnam where local Vietnamese staff government universities, the UAE has

relied on Western personnel and their ‘imported’ expertise to shape a learning environment

that appears ‘foreign’ to many Emiratis, especially those from government-funded high

schools. In my research on the cultural border crossings experienced by young male

Emirati school-leavers as they enter colleges and universities in the UAE, it was evident

that many school-leavers faced learning, social, linguistic, and emotional difficulties as

they left their predominantly Arab life-worlds to enter a strong Western educational culture

staffed with Western-educated teachers and administrators.

This over-reliance on outside expertise also flows into the country’s massive need for

generally low-skilled labour, most of which comes from South Asian countries such India,
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Pakistan and Bangladesh. First described by Beblawi and Luciani (as cited in Minnis

2006), the UAE has been described as a rentier or distributive state (similar to most

countries in the Gulf region such as Saudi Arabia and Qatar) in that, by providing a cradle-

to-grave welfare system for its citizens in the form of free education, subsidized housing,

guaranteed public sector employment, and free medical care, it has unwittingly unleashed

many negative social effects on the Emirati population. Some of these effects have already

been mentioned here but in summary, they are ‘‘a disdain for work, a lack of interest in

formal education, and disjunction in the popular mind between work and education, and

between income and reward’’ (Minnis 2006, p. 976).

The huge UAE federal wealth is a result of its oil reserves which, when shared among

the seven emirates in the form of federal subsidies and grants, produce ‘‘high per capita

incomes, affluent lifestyles, and rapid modernization, but also reinforce weak state insti-

tutions, authoritarian rule, and weak educational systems’’ (Noreng, as cited in Minnis

2006, p. 976). In plain speech, the ‘rentier effect’ in this context means ‘‘that the reward for

labour, income, is no longer connected to work, effort’’ (Ridge 2011, p. 5). A recent

example of this occurred in May 2012 when the UAE government ordered the settlement

of defaulting personal loans of UAE citizens who owed less than Dh5 million, thereby

weakening the link between actions and consequences, reducing overall personal

responsibility and accountability (Emiratis ‘who owe less than Dh5 m can have debts

settled’, 2012). Further, the social consequences of the ‘rentier effect’ such as parental

neglect, increase in juvenile crimes, lack of safety precautions in motor vehicles and

around swimming pools, and over- dependence on foreign housemaids have been recently

highlighted by Dr. Hoda Al Suwaidi, the Director of the Social Development Foundation in

Dubai (Sherif 2012).

Many Arabian Gulf countries such as Saudi Arabia, Oman and Qatar have implemented

Nationalization programs to increase the number of their nationals employed in the private

sector. With Emiratization in the UAE, progress has been slow, and to date, it has so far

failed to meet any of its targets in banking, insurance and trade (No sector has met

Emiratisation target, 2015). In education, government primary and secondary schools are

staffed mainly by non-Gulf Arabs from Egypt, Jordan, and Tunisia. Despite local teacher

training efforts, Emirati teachers are scarce in the schools, though increasing numbers of

Emirati female teachers are beginning to take their place in many primary schools.

In summary, I have identified several areas of similarity between the two countries and

their cultures and one area of significant difference. Having lived in the region for

20 years, I observe few signs of the UAE’s willingness to learn valuable lessons from

Vietnam in terms of deepening the local ownership of labour that could result in Emiratis

performing many of the jobs currently being done by expatriates. Their neighbours, Oman

and Bahrain, have implemented aggressive Nationalization programs that now see local

Omanis and Bahrainis working in petrol stations and serving behind shop or supermarket

counters as well as in higher skilled positions across a diverse range of private sector

employment. My hope is that the UAE will follow this same path.
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Abstract This article is the first to describe the discoursal construction of an adolescent

community of practice (CoP) in a non-school setting. CoPs can provide optimal learning

environments. The adolescent community centered around science journalism and posi-

tioned itself dichotomously in relationship to school literacy practices. The analysis

focuses on recordings from a panel-style research interview from an early implementation

of the Science Literacy Through Science Journalism (SciJourn) project. Researchers

trained high school students participating in a youth development program to write science

news articles. Students engaged in the authentic practices of professional science jour-

nalists, received feedback from a professional editor, and submitted articles for publication.

I used a fine-grained critical discourse analysis of genre, discourse, and style to analyze

student responses about differences between writing in SciJourn and in school. Students

described themselves as agentic in SciJourn and passive in school, using an academic

writing discourse of deficit to describe schooling experiences. They affiliated with and

defined a SciJourn CoP, constructing positive journalistic identities therein. Educators are

encouraged to develop similar CoPs. The discursive features presented may be used to

monitor the development of communities of practice in a variety of settings.

Keywords Critical discourse analysis � Community of practice � Hybridity � Science
literacy � Writer identity

Lead Editor: R. Luther.

& Celeste R. Nicholas
celeste.nicholas@umsl.edu

1 College of Education, University of Missouri-St. Louis, 1 University Blvd., St. Louis,
MO 63121-4400, USA

123

Cult Stud of Sci Educ (2017) 12:275–298
DOI 10.1007/s11422-015-9724-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s11422-015-9724-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11422-015-9724-2&amp;domain=pdf


In the summer of 2012, I was an eighth-grade science teacher planning for the fall

semester. Specifically, I was looking for an engaging way to address information literacy

standards in the Common Core State Standards (2010). Although I had made deliberate

attempts at cultivating a literacy-infused classroom, I felt we needed a ‘‘research-type’’

project. In hopes of locating such a project, I began reading Front Page Science (2012) by

Wendy Saul, Angela Kohnen, Alan Newman, and Laura Pearce.

I was hooked by the project’s alternate definition of science literacy, one which informs

students’ decision-making 15 years beyond graduation. This definition aligned with my

philosophy that science education should be personally relevant to all students, not just

those pursuing science careers. Saul et al. (2012) described the Science Literacy Through

Science Journalism (SciJourn) project in which students write science news articles on

topics of their choice. The authors outlined five SciJourn writing criteria which model with

practices of scientifically literate individuals. First, students choose personally-relevant,

timely, narrow science topics. Sample topics among the interview participants included

making healthy food choices and the health risks of getting a tattoo. Second, students use

search terms effectively to locate credible science sources. For example, students are

encouraged to use Wikipedia to find credible sources rather than citing it directly. Third,

students assess source credibility. They move beyond heuristics such as only citing ‘‘.gov’’

or ‘‘.edu’’ sources. They are taught to be cautious of all sites, using tools such as the

‘‘About Us’’ tab to verify credibility in addition to gaining familiarity with known science

entities, such as National Institutes of Health (NIH). Multiple, credible sources of infor-

mation are required and must be attributed. Here, students synthesize a range of per-

spectives and various levels of expertise. Fourth, students contextualize their work, noting

implications and the science’s place relative to historical understandings. Finally, they

communicate in a way that accurately represents current science.

The project also offered an authentic audience, as students could submit their articles for

publication on SciJourner.org and in the printed newspaper, SciJourner. Co-investigator

Dr. Alan Newman, a former American Chemical Society editor, provided digital feedback.

Using the track changes and comments functions in Microsoft Word, Newman edited based

on the previously mentioned writing criteria. Newman edited multiple drafts of any per-

sistent student seeking publication, corresponding directly with student journalists.

This was exactly the engaging, differentiated, personally relevant experience I had been

seeking. Still, I had some doubts about incorporating an open-ended project that did not

directly align to my content standards. Fortunately, Front Page Science addressed this

challenge by devoting an entire chapter to aligning the SciJourn ‘‘standards’’ with national

science standards. The authors advised readers to further align SciJourn to their local

curricula as they ‘‘seek to ‘sell’ the project’’ to schools, parents, and communities (Saul

et al. 2012, p. 36). SciJourn gave me the permission and documentation necessary to move

forward. I decided to implement SciJourn with my eighth-graders that fall, 2012.

The authors of Front Page Science emphasized that science journalism is a genre

distinct from other forms of text read (e.g., textbooks) or written (e.g., 5-paragraph essays)

elsewhere in schooling experiences. Science journalism relies heavily on attribution,

current information, factual accuracy, and numerical evidence. Moreover, the genre allows

for ‘‘rule-breaking’’ of antiquated academic conventions such as the restricted use of first

person. The authors encouraged teachers to design lessons about these key differences.

Therefore, I began to distinguish SciJourn from other literacy practices by creating a

separate ‘‘space’’ for the project. SciJourn scholars Joseph Polman, Alan Newman, Wendy

Saul, Cathy Farrar (2014) and Angela Kohnen (2013) described the project as ‘‘hybrid

space.’’ This space is neither a science classroom nor a professional newsroom. It has
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attributes of both and yet is something unique. As SciJourn seeks personal relevance, this

hybrid space encourages the use of home discourses to access practices of school, jour-

nalism, and science literacy. Although we were still physically in my science classroom, I

dubbed it the eponymous ‘‘Nicholas Newsroom’’ on our SciJourn days. I distributed

wearable press passes when students entered the room. Our journalistic practices accom-

panied these physical markers to create a separate learning community within my

classroom.

After completing the project, I contacted the SciJourn team at the University of Mis-

souri-St. Louis about student publication. I also shared some of the curricular materials I

had developed as companions to their book. As unprecedented, ‘‘magical,’’ levels of stu-

dent engagement occurred during SciJourn, I was eager to help other teachers implement

the project. Following a year as a SciJourn consultant, I was offered the opportunity to earn

my Ph.D. under SciJourn investigator, Dr. Wendy Saul. Thus, I am currently flipping

through my heavily highlighted and annotated copy of Front Page Science in a university,

not my eighth-grade science classroom.

Now an academic, I have obtained the aforementioned research interview with some of

the first student participants in SciJourn. I viewed these data as an opportunity to decon-

struct the embryonic SciJourn project. I began the analysis hoping to better understand how

SciJourn supports the kind of student success I witnessed in my own teaching. Put dif-

ferently, I wanted to demystify its ‘‘magic’’ to inform implementation and replication of

this successful model.

Researchers interviewed six teenagers about their participation in the SciJourn project.

University faculty trained the teens as a community of professional science journalists

based out of the local science center. The students pitched story ideas, researched credible

sources, conducted interviews, and submitted articles for publication. The interview

moderator, a research team member, asked the students about the differences between

writing in school and writing in SciJourn. Their characterizations of the two genres differed

in more than content. Students seemed to position themselves as passive, constrained,

recipients of education in their speech about writing in school:

…It would be like what do you choose, McDonalds OR healthy food? They would

try to make you choose one or the other… (231–235)

…when you’re doin a paper at school they scratch it out y’ can’t go back and change

it. They just scratch it out give you a grade… (769–771)

This contrasted with a more agentic, active positioning and identification with SciJourn:

…And with the um with the SciJourn article, w- we have a little bit more freedom

than in school and we we can expand like just go beyond what we uh do in school…
(150–153)

… I went out by myself and interviewed a real tattoo artist… (404–405)

The researcher in the interview stressed that she was interested in the ‘‘flexibility’’ between

different types of writing, how easily students were able to switch between two genres.

However, the pattern of the discussion was one of comparing and contrasting the two

genres of writing in school and writing in SciJourn in a manner that positioned the two

more or less dichotomously.

I applied the tools of critical discourse analysis (CDA) to describe this SciJourn com-

munity of practice (CoP), with a particular focus on student perceptions of writing in

SciJourn is magic: construction of a science journalism… 277

123



school and in SciJourn. Although CDA has been used to study adolescent learning com-

munities within schools, less formal learning contexts, such as SciJourn, have been under-

examined. To those aims, I asked the following research questions: How was the rela-

tionship between school and SciJourn constructed? How were students positioning

themselves relative to each context? How did they construct identities related to partici-

pation in SciJourn? How did SciJourn facilitate that construction?

Conceptual frame

In this literature review, I frame the current study through the lenses of communities of

practice, CDA, and academic discourses of science and writing.

Communities of practice and CDA

The SciJourn learning environment was designed to resemble a community of practice

(CoP) centered on journalism (Polman et al. 2014). According to Étienne Wenger (1998),

these communities have a shared goal and communal routines, habits, styles, and vocab-

ularies which are constantly renegotiated by members. Learning in the community is

unlike that which occurs in schools in many ways, two of which are described here. First,

Jean Lave and Wenger (1991) argue that learning is ‘‘situated’’ in the broader context of

community activities. Similarly, Front Page Science encouraged SciJourn teachers to

create ‘‘well-designed learning environments’’ that support situated learning (Saul et al.

2012, p. 186). A second defining feature of a CoP is apprenticeship. New members are

‘‘apprenticed’’ by more experienced members. They engage in ‘‘legitimate peripheral

participation’’ before participating fully. I intend to address apprenticeship relationships in

SciJourn.

The way in which participants construct and identify with CoPs has been examined

through CDA. Analysts have used CDA to study CoPs among teachers and within class-

rooms. Notably, Matthew Clarke (2009) examined the construction of coherence, or group

unity, in an online CoP consisting of pre-service teachers. However, he noted that

coherence can be constructed through antagonism of groups outside of the community. I

used this insider/outsider antagonism as an analytical lens for the school/SciJourn rela-

tionship. Brian King (2014) analyzed the emergence of a CoP among teens in a health

class. The defining features of the CoP included the absence of preambles, the presence of

jargon or shortcuts, and the development of shared discourses in discussions of sexuality.

Although this analysis remains on the thematic/pragmatic level, I connect my fine-grained

analysis of journalistic discourses (e.g., jargon) to his findings.

Studies on using CDA to analyze adolescent CoPs beyond school settings are lacking. In

a 2013 review of CDA literature on literacy education, Rebecca Rogers and Inda Schaenen

noted that non-school settings are ‘‘ripe for future study’’ (p. 135). Shawn Rowe (2011)

used a combined CDA and sociocultural approach to investigate the relationship between

the talk and activity in interactions with a museum exhibit. Here, talk can be defined as

speech and activity as nonverbal communication. However, these interactions were among

young children and did not occur in a CoP. Anton Puvirajah, Geeta Verma, and Horace

Webb (2012) studied interactions between mentors and participants in a high school

robotics competition. They found that the ‘‘collaborative community’’ contributed to power

symmetry among mentors and students, leading to more authentic science learning
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opportunities. Here, both adults and ‘‘robotics kids’’ dictated the direction of the club,

which differed from a more traditional teacher-student relationship (p. 402). The authors

argue that language and context interact to create the power symmetry, a precondition for

authentic science learning. Thus, I attended to evidence of power symmetry in my analysis

of positioning.

Academic discourses of science and writing

Critical pedagogical theory provides an initial, broad framework for how students char-

acterize school. Paulo Freire (2000) critiques the ‘‘banking model’’ of education in which

students passively receive a teacher’s ‘‘deposits.’’ He goes on to describe the features of

such an educational model, which can reproduce societal oppression: ‘‘…the teacher

chooses and enforces his choice, and the students comply;’’ ‘‘…the teacher is the subject of

the learning process, while the pupils are mere objects’’ (p. 73). I compared these

descriptions to student positioning in the school/SciJourn relationship. However, this frame

was less useful for addressing constructions of science literacy. The hybrid, interdisci-

plinary nature of SciJourn required a more specific theoretical lens. Jay Lemke (1990) has

described science and its associated discourses as alienating. Due to their hybridity, pro-

jects like SciJourn can make science more accessible. In her critical discourse analysis of a

science teacher’s ‘‘access-enhancing’’ hybrid discourse practices, Mary Hanrahan (2004)

identified discoursal features that moderate alienation in a high school science lesson.

Among these discoursal features was the attempt to make science relevant to students’

lives. Similarly, SciJourn purported to be the opposite of alienating: it was accessible and

relevant to all students. My analysis attended to these hybrid discourses in the student talk

about SciJourn and school.

As with scientific discourses, academic writing discourses have been criticized as

alienating. In her work on writer identity, Linda Fernsten (2005) discussed the constraints

of academic writing and the ways in which students may come to view themselves as

deficient. In case studies of two college students, she found that students identify nega-

tively as writers when their home discourses differ from those dominant or privileged in

academia. She provided recommendations for supporting positive writer identity. This

work informed my analysis of identity construction and the possibilities therein.

Methods

Context/panel discussion

The transcript was created from audio from a 26-minute segment of a 2-hour ‘‘panel’’ style

interview from July 22, 2009. In this segment, the students were asked to compare writing

in school to writing in SciJourn. The panelists were six juniors and seniors from St. Louis

area high schools who were actively participating in the SciJourn project. With funding

from a National Science Foundation (NSF) grant, researchers affiliated with University of

Missouri-St. Louis (UMSL) trained students in the practices of professional science

journalism. The students wrote science news articles on topics of their choice. Students

could submit work for editing and possible publication electronically (SciJourner.org) and

in a print newspaper (SciJourner). The trainings and this interview occurred at the local

science center. The purpose of this interview (at the time it was conducted in 2009) was to
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inform wider implementation of the project. SciJourn would ultimately impact over 10,000

middle and high school students nationally. Notably, the teen panelists would soon serve as

editors for the next generation of SciJournalists.

Participants

The panel consisted of four African American females (AA, DR, JC, and KT), one African

American male (CO) and one Caucasian male (AS). The primary interviewer (CGS) was a

Caucasian female member of the research team. Two other researchers contributed

questions; one was a Caucasian male (AN), and the other was a Caucasian female (WS).

They were SciJourn’s co-investigators. I, the analyst/author, am a Caucasian female. The

number of total turns, or periods of uninterrupted speech, was 107.

The interviewer, CGS, was a research team member who was involved in training the

student journalists. The format consisted of CGS initiating talk by asking questions of the

panel at large. In one instance, she solicited a response from every panel member. Otherwise,

students answered questions on a voluntary basis. The interviewer occasionally asked follow-

up questions to the panel or specific students. In the transcribed segment, the interviewer

asked the students to relatewriting in school towriting in SciJourn. She began by asking about

the challenges of ‘‘packing away that stuff’’ when writing in a ‘‘new’’ way (2–11). CGS

subsequently asked the students to compare and contrast the genres and to provide ‘‘tips and

tricks’’ for switching between the two types of writing (657). At one point, the interviewer

explicitly stated that assessing this ‘‘flexibility’’ was a focus of the grant (650).

Researcher’s role

As described in the introduction, I have a complicated relationship with this data. As a

former SciJourn teacher, I relied upon a book, Front Page Science, that was informed by

the interview under analysis. I am also aware that my positive experiences as a SciJourn

teacher influenced my analyses; I felt like the students in the interview may as well be my

own. In some sense, I owe the opportunity to earn my Ph.D. to the project. However, the

interview occurred before my involvement in SciJourn, providing some analytical distance.

Moreover, the tools of discourse analysis helped me adopt more of an outside perspective

for the purposes of fine-grained analysis in a way that other qualitative techniques would

not have afforded. I assert that this combination of insider and outsider perspectives gives

me a unique advantage in describing the intricacies of the data. As a member check, I

shared my analysis with participant WS, asking her to validate my interpretations. A

member of my research group reviewed every version of this paper. This provided inter-

pretative corroboration as well as alternative perspectives during the ongoing analysis.

Transcription procedures and segmentation

First, I transcribed by speaker turn and time-stamped at every turn using Express Scribe.

This process allowed me to represent the distribution of the talk (Table 1). After the first

Table 1 Distribution of turns

# Of turns AA-11 DR-27 JC-12 KT-16 AS-5 CO-2

CGS-25 AN-5 WS-4
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pass, I added text, punctuation, and time-codes. Upon a second pass, I added the remaining

codes consistent with Elinor Ochs’ (1999) recommendations. I verified the accuracy of the

text at each turn, and I added line numbers as a final step. Many turns were long (4? lines),

reducing accessibility with respect to thematic and grammatical pattern recognition. My

research questions required examination of lexical features that were buried within the

lengthy turns (e.g., pronoun use, word choice, and repetition). Therefore, I followed James

Gee’s (2011) method of segmenting the entire transcript into clauses. To deduce the

transcript’s macrostructure (Gee 2011), I identified and underlined the salient information

in each clause. I segmented these revised clauses into stanzas and grouped the stanzas into

sections by the topic of the interviewer’s questions. I combined sections that had similar

topics. Section 9 and 10 seemed to contain the most talk relative to my research questions,

so I collapsed the stanzas within all other sections to yield the final macrostructure

(Table 2). My research questions are related to discourse across participants, so I organized

the talk by topic rather than by participant stanza (Table 2). It should be noted that

Sections 3 and 5 are very similarly titled (e.g., ‘‘What is the difference?’’ and ‘‘What’s the

difference?’’) because the interviewer repeated herself (Table 2).

I documented participant talk and activity to monitor the discoursal construction of a

CoP through multiple modes. I used Rowe’s (2011) transcripts of children interacting with

museum exhibits as a guide to create a multi-modal transcript. Using this technique, the

transcript can visually show ‘‘…the relationships between utterances and actions, between

utterances and other utterances, and between actions and other actions’’ (p. 231). Placing

actions and utterances in the same ‘‘boxes’’ of a table contextualizes the discourse. I added

Table 2 Interview macrostructure

Section 1—Was it hard? (Lines 1–66)

Section 2–Advice for switching between types of writing? (Lines 67–102)

Section 3–What is the difference? (Lines 103–108)

Section 4–What’s the same? (Lines 109–138)

Section 5–What’s the difference? (Lines 139–158)

Section 6–Audience (Lines 159–203)

Section 7–Being Right (Lines 204–283)

Section 8–Favorite articles (Lines 284–425)

Section 9–Advice for future SciJournalists (Lines 426–643)

Integrity

Deadlines

Multiple pitches

Back-up articles

Research storage

Organization

Social media

Section 10—Editing/Grading (Lines 644–843)

Structural/organizational differences

Editing/grading

Opposition to rubrics in SciJourn

Section 11—Attribution (Lines 845–1025)
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screenshots to visually represent the talk and activities for multiple participants. I captured

moments where the talk and activity of multiple participants co-occurred (e.g., laughing or

smiling during someone’s turn). Then, I constructed tables with the corresponding talk and

activities (‘‘Appendix 1’’). These activities can be distributed, meaning that multiple

participants can be involved in constructing a turn.

Analytic procedures

Talk around text. I refer to this interaction as an ‘‘interview.’’ However, the application of

Theresa Lillis’ (2009) work casted the interview in terms of Roz Ivanic’s ‘‘talk around

text.’’ Here, the ‘‘texts’’ are pieces of academic writing authored by interviewees. ‘‘Talk

around text’’ differs from a typical research interview in several key ways. First, this

interview format ‘‘disrupts’’ researcher/researched positioning, centering the writer who

determines the direction of the talk. Most notably, this method creates space for critical

examination and questioning about whose knowledge is valued within formal academic

contexts. Students are encouraged to challenge academic conventions and associated

discourses which tend to cast student writing in deficit terms based on narrow, ideologi-

cally-laden, criteria (e.g., spelling and grammar). As Lisa Delpit (1988) explained, writing

and other educational practices are part of the culture of power which influences which

values are privileged. The interview under study resembled a ‘‘talk around text,’’ with the

‘‘texts’’ being SciJourn articles. The interviewer also engaged the panelists in a discussion

of writing in school versus SciJourn. We know from the excerpt in the introduction that this

conversation provided space for a critique of academic writing. Within this critique, an

analysis of previously mentioned academic discourses of writer identity (Fernsten 2005)

and science (Hanrahan 2004; Lemke 1990) could occur.

Critical discourse analysis

Given the focus of the research questions and the unique critical affordances of a ‘‘talk

around text’’ style interview, a CDA was conducted. My analysis drew on CDA through

the theories and methods of Norman Fairclough (1992), James Gee (2011), Rebecca

Rogers (2011/2014) and Melissa Mosley-Wetzel (2014). Fairclough (1992) distinguishes

discourse analysis from CDA in stating that critical approaches show, ‘‘…how discourse is

shaped by relations of power, and ideologies, and the constructive effect discourse has

upon social identities, social relations, and systems of knowledge and belief…’’ (p. 12).

Fairclough contended that discourse participants are usually unaware of these aspects of

the discourse. Thus, CDA can expose hidden facets of interactions. His approach balances

close linguistic analysis with social analysis and contextualization by examining how

orders of discourse articulate. These orders are genre or ‘‘ways of interacting,’’ discourse or

‘‘ways of representing,’’ and style or ‘‘ways of being’’ (Rogers 2011).

I used Gee’s (2011) Seven Building Tasks as my initial analytical toolkit. I asked how

the speakers built identities, relationships and significance in their talk about school and

SciJourn. I created codebooks of the entire transcript with textual evidence that related to

each category. Wherever possible, I included evidence from several different speakers to

note the commonalities and variations among participants. I then coded and categorized the

data into broader theoretical frames of School Discourses and SciJourn Discourses

(‘‘Appendix 2’’).

For a more detailed textual analysis, I examined the transcript for examples of genre,

discourse, and style. Rather than analyzing the entire ‘‘corpus,’’ Fairclough (1992)

282 C. R. Nicholas

123



recommends focusing on ‘‘cruces’’ as the units of analysis (p. 230). Stylistic shifts or

concentrations characterize cruces, which can reveal change in progress. I searched for

cruces and associated orders of discourse related to my research questions. Discussion of

the school/SciJourn relationship was concentrated in Section 10, Editing/Grading

(644–843). For genre, I noticed cohesion created when students referenced others’ utter-

ances. For discourse, I noticed contrasting lexicalization of ‘‘scratching’’ and ‘‘suggestion’’

in the talk about editing. In terms of style, I noticed variation in voice (passive/active) that

correlated with the school/SciJourn talk. Section 9, Advice to Future SciJournalists, pro-

vided evidence related to SciJourn identity construction. The section was defined by the

use of the ‘‘jargon’’ or ‘‘social language’’ of journalists as well as the imperative mood

(426–643). Therefore, I sought to complete a fine-grained, grammatical analysis of those

sections by linguistic feature. The linguistic features that occurred in the talk of multiple

speakers were given preference. I scanned the text for each order of discourse and asso-

ciated linguistic features (Rogers and Mosley-Wetzel 2014, p. 136–137).

Multimodal discourse analysis

I used multimodal discourse analysis (MDA) as an additional analytical layer, using the

writings of Gunther Kress (2010), Shawn Rowe (2011) and Sigrid Norris (2002/2004).

Kress’ (2010) social semiotic theory of multimodality posits that signs are ‘‘motivated,’’

intended by the sign-maker. A multimodal approach allows the analyst to infer the sign’s

function. Kress defines a mode as socially shaped or culturally given resource for meaning-

making (p. 79). The analyst should look beyond speech to other modes, including image,

music, layout, etc. As mentioned earlier, Rowe (2011) used a combined sociocultural and

CDA approach to multimodality in emphasizing that language is but one semiotic system

and that ‘‘activity and talk’’ are interrelated and co-constructed (p. 229). Similarly, Norris

(2002) encourages investigators to go beyond language when creating transcripts and

analyzing social interactions. She argues that audio recordings ‘‘…inadequately capture

discursive interactions’’ in her work on technology-mediated discourse (p. 98). Notably,

she described the discourse participants in her study as belonging to a CoP.

In the present study, multimodal analysis was used to complement the CDA assessment

of genre, discourse, and style. Within Sections 9 and 10, modally dense segments were

chosen for transcription and analysis (Norris 2004). In these segments, the multiple modes

(e.g., activity and talk) interacted to construct meaning in relation to research questions.

For example, I analyzed cohesion in the talk in Section 9 as related to student construction

of a SciJourn identity. Multimodally, this analysis was supported by other modes that

create cohesion (e.g., gesture, color). The lexicalization of ‘‘scratching’’ in Section 10

related to the construction of the school/SciJourn relationship. This explanation was

elaborated by attending to the concurrent participant activities in other modes.

Interpretations/findings

Overview of findings

Six high school students were interviewed about their participation in the SciJourn (science

journalism) project. Each of the six was actively engaged in pitching, writing, and editing

science news articles at the time of this discussion. The utterances under analysis were part
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of a conversation about the differences between writing in school and writing in SciJourn

(Table 2). I used tools of critical discourse analysis (Fairclough 1992) to describe the

construction of a SciJourn CoP. This construction was contingent upon a dichotomous

relationship with school. Students drew on discourses of student oppression and academic

writing deficit. The power dynamics of the researcher-participant relationship and the

affordances of a ‘‘talk-around text’’ style interview facilitated these constructions. In each

section, I provide a thematic overview before attending to a multimodal analysis of genre,

discourse, and style. Descriptive commentary accompanies tabular or embedded displays

of evidence. Several representative pieces of evidence across multiple participants are

included. Interpretive commentary in the context of literature follows.

Distinguishing our community’s practices

The talk in Section 10 began with the interviewer asking about the ‘‘hard part’’ and ‘‘tips

and tricks’’ about going from a ‘‘5-paragraph essay’’ to a news article. Most of the talk

centered around the editing process in school versus SciJourn although the interviewer did

not directly ask about this. This section constituted a relatively dichotomous, com-

pare/contrast format of ‘‘school versus SciJourn’’ which influenced my representational

choices. This section was interdiscursively distinct across participants. In terms of genre,

consistent grammatical patterns created cohesion. Discourse was characterized by specific

lexicalization and re-lexicalization with a concurrent iconic gesture. Finally, specific modal

auxillary verbs expressed varying degrees of obligation between the tasks associated with

school and SciJourn.

Within individual turns, a grammatical pattern emerged that helped define this section’s

genre in that the structure of talk was highly cohesive (Table 3). As evidenced across

several participants, they began their turns with an example from school and countered

their example with a comment related to SciJourn (Note: The bolded words do not nec-

essarily indicate speaker emphasis).

The speakers made specific word choices (discourse) to define the poles of the

dichotomy. Editing by teachers in school was described repeatedly as ‘‘scratching’’ while

peer or professional editing in SciJourn was described as ‘‘suggesting’’ or is rephrased as a

choice to ‘‘accept or decline’’ the changes. (Tables 4, 5). DR initiated this pattern, using an

Table 3 Grammar in Section 10

School (example) SciJourn (counterexample)

KT KT: you have to have the outline, your rough
draft, your first draft, the draft before the final
draft, and then your final draft (694–699)

KT: but basically this is like like two or three
steps to- so you can get to your final step. And
it’s easier. (701–704)

DR DR: Your teacher’s using her red ink pen to
actually do all your correction (709–710)

DR: And with the track changes like you have,
you know, the comments (713–714)

AA AA: you have your teacher just scratching out
everything that you wrote. (729–730)

AA: on the side you have them suggesting things
and commenting and it’s easier to take what
they said (735–738)

JC JC: like the teacher, mainly, when you’re doin a
paper at school they scratch it out y’ can’t go
back and change it. They just scratch it out give
you a grade. You get what you have (767–771)

JC: And track changes you can change sentences,
add em, delete em, accept and decline words
and stuff (777–781)
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iconic gesture to mime ‘‘scratching’’ (Fig. 1). This gesture functioned to both represent and

emphasize her word choice. Other panelists took up both her word choice and the

accompanying activity, which increased cohesion (see also ‘‘Appendix 1’’). Comparing the

scratching/suggestion text in terms of style, the students appeared to be absent from the

editing process. They used passive voice to position themselves as recipients of feedback

from ‘‘your teacher’’ who is ‘‘just scratching it out.’’ The students used active voice to

describe one’s editing decisions in SciJourn in stating what ‘‘you have’’ or what ‘‘you can’’

do (Table 6). This notion of choice in SciJourn was reinforced through the modality of

their talk. In school, you ‘‘have to’’ do things, while in SciJourn you ‘‘can.’’ Similarly,

negation was used for what you ‘‘can’t’’ do in school and in SciJourn for what you ‘‘don’t

have to’’ do. This pattern was evidenced within individual turns as well as across partic-

ipant turns (Table 7).

Through their choices of passive voice and modalities, students positioned themselves

relative to school as passive recipients of academic writing, without presence for or power

in decision-making. The scratching/suggestion dichotomy elaborated this position. The

somewhat violent word choice evoked an imagery of wounding or damaging the student’s

work, particularly when the ‘‘red’’ ink pen is doing the scratching (710). Here, the com-

bination of lexicalization and iconic gestures positioned the students not only as recipients,

but victims, of teacher feedback.

This positioning by the ‘‘sign-makers’’ is far from accidental (Kress 2010). The pan-

elists intentionally characterized a school environment that is teacher-centered. This is

consistent with previous work on student descriptions of asymmetrical power relations in

their schooling experiences (Puvirajah et al. 2012). Negotiation did not occur, grades were

final, and roles were clearly defined. Teachers were the possessors and givers of education,

while the students were the receivers. Freire’s (2000) banking model applies here, as

students positioned themselves as oppressed (constrained at the very least) in regard to

editing. Additionally, the students’ perceived failures at reaching their teachers’ expecta-

tions suggest academic writing discourses of deficiency which may have negatively

impacted their identities as writers (Fernsten 2005).

Table 4 Section 10 discourse

DR: Your teacher’s using her red ink pen (710) they’re scratching out and making changes. (713)

AA: you have your teacher just scratching out (730)

AA: And you’re thinking like ‘‘whoa! I thought did this like good and everything’’ and you have your
teacher just scratching it out (733–734)

JC: they scratch it out y’ can’t go back and change it. They just scratch it out give you a grade. You get
what you have. (770)

Table 5 Section 10 discourse

DR: And like, you have, like more, the track changes is more of aa sug-, more of a suggestion (717–722)

AA: you can either accept the suggestions or you can decline them (747–748)

KT: Because you can decide to accept or decline the suggestion (762)

JC: And track changes you can change sentences, add em, delete em, accept and decline words
(772–776)
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Bold – talk 
Normal-activity 

Fig. 1 Scratching

Table 6 Section 10 style

DR: And like, you have, like more, the track changes is more of aa sug-, more of a suggestion (717–722)

AA: you can either accept the suggestions or you can decline them (747–748)

KT: Because you can decide to accept or decline the suggestion (762)

JC: And track changes you can change sentences, add em, delete em, accept and decline words
(772–776)
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The resemblance of this interview to a ‘‘talk around text’’ (Lillis 2009) likely permitted

such a critique of academic convention to occur. The interviewer’s relatively open-ended

questions did not privilege certain knowledge systems. At no point did she dismiss or

question the validity of the students’ claims, which speaks to a successful disruption of

power dynamics of a potentially researcher-centered interview. As the researchers trained

the SciJourn students, this interview symmetry could evidence the general dynamics

between the students and researchers.

Students positioned themselves as agentic with respect to SciJourn through their use of

active voice and the modality of possibility (e.g., ‘‘can’’) rather than constraint (e.g., ‘‘have

to’’). With their example/counterexample grammatical patterning (Table 3), they demar-

cated and privileged their community’s practices relative to those practiced by teachers.

Similarly, feedback in the SciJourn community was perceived as ‘‘suggestions,’’ open to

negotiation, and ultimately based on student choice. As we will also see in the analysis of

Section 9, this negotiation was one of the defining features of a community of practice

(Wenger 1998).

‘‘Best practices’’ for our community of practice

CoPs have shared goal and communal routines, habits, styles, and vocabularies which are

constantly renegotiated by members (Wenger 1998). The students constructed and affili-

ated with their SciJourn CoP in Section 9, advice directed at future SciJourn participants.

The interviewer did not solicit the students to provide advice at this time. She simply

asked, ‘‘…anything else that you guys would like to say?’’ (427–428) after the section

where each panelist shared their favorite articles. The current section had a characteristic

articulation of genre, discourse, and style. In terms of genre, the text relied upon inter-

textual references to shared events of the past as well as ‘‘topic chaining’’ between panelist

responses. This chaining was reinforced through multiple modes. The discourse was

defined by the use of pronouns that position the panelists relative to each other and the

audience. The social language of journalism peppered their speech. Imperative statements,

the modality of high affinity, and SciJourn ‘‘uniforms’’ defined style.

Intertextuality was prominent as the panelists referenced each other’s talk, which was

cause for celebration in other modes (Fig. 2). They narrated ‘‘cautionary tales’’ that alluded

to mistakes that they or other panelists have made in the past. One panelist warned about

doing ‘‘things at the last minute’’ and another stressed consequences of not having a ‘‘pitch

Table 7 Modality in Section 10

School (obligation) SciJourn (choice)

KT KT: basically cuz in school you have to have the
outline, your rough draft, your first draft, the
draft before the final draft, and then your final
draft (694–699)

KT: but basically this is like like two or three
steps to- so you can get to your final step. And
it’s easier. (701–704)

DR If it says you have to have this then, I’m gonna
have this (812–814)

And it’s not based on what they tell me I have to
have (819–821)

JC JC: like the teacher, mainly, when you’re doin a
paper at school they scratch it out y’ can’t go
back and change it. They just scratch it out give
you a grade. You get what you have (767–771)

JC: And track changes you can change sentences,
add em, delete em, accept and decline words
and stuff (777–781)
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and it’s deadline time’’ (Table 8). The participants’ knowing smiles evidenced this shared

history and rapport (Fig. 3).

As part of discourse, student word choice was journalistic. ‘‘Plagiarism’’ was discour-

aged, ‘‘contacts’’ and ‘‘interviews’’ were referenced. Again, having a ‘‘pitch’’ at ‘‘deadline

time’’ was encouraged (Table 9). Also part of discourse, the second person pronoun ‘‘you’’

represented future SciJournalists while first-person pronouns ‘‘I’’ and ‘‘we’’ represented

current SciJournalists (Table 10). For style, mood was expressed as imperative statements

e.g., ‘‘meet your deadlines’’ (453). The lack of modal auxillary verbs (can, may, should,

etc.) demonstrated a high affinity toward their statements. (Table 11). It is also noteworthy

that all of the students wore matching t-shirts, a SciJourn ‘‘uniform’’ of sorts. This visually

representated the ‘‘style’’ of the CoP (Fig. 2).

Fig. 2 Topic chaining

Table 8 Section 9 genre

DR: Don’t do things at the last minute. (464)

JC: if you don’t have a pitch and it’s deadline time, you’re just gonna be really/bad shape, messed up.
(562–564)

JC: And like what DR said with the the juggling the articles, (537–538)

AA: Off of what JC [said um] (567)

Fig. 3 Deadlines
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Taken together, these orders of discourse constructed a competent, experienced, jour-

nalist identity within a SciJourn CoP (Polman et al. 2014). The students affiliated with the

SciJourn community, as evidenced by their usage of first person pronouns, the social

language of journalism, and the SciJourn ‘‘uniform.’’ This is consistent with the work of

Clarke (2009) and King (2014), who noted the use of first person pronouns and shared

‘‘jargon’’ in CoP construction. In modally dense segments, the analysis of gestures typified

the interrelatedness of talk and activity (Norris 2004; Rowe 2011). The activities co-

constructed the talk and reinforced the community of practice. The panelist’s talk extended

beyond the interview, to the ‘‘you’’ who was the target of their imperative statements. The

panelists were aware that they would soon be editing the work of future SciJourn partic-

ipants. In this sense, they were playing the ‘‘expert,’’ role in an apprenticeship relationship

and anticipating the expansion of their CoP (Lave and Wenger 1991). Additionally, the

students defined ‘‘best practices’’ of the SciJourn community with their advice to new-

comers that also included pitfalls to avoid. This is consistent with the Wenger’s (1998)

assertion that a community’s practices are continually renegotiated by members.

Discussion

A multimodal critical discourse analysis of genre, discourse, and style, supported the

construction of a SciJourn CoP (Polman et al. 2014; Wenger 1998). The students posi-

tioned themselves as confident, expert, science journalists. They defined their CoP through

use of its social language and the sharing of ‘‘best practices.’’ Their talk anticipated

apprentices (Lave and Wenger 1991). Although I analyzed an adolescent face-to-face CoP,

grammatical features were similar to those documented by Clarke (2009) in his work with

Table 9 Section 9 discourse

DR: when you’re done with this article you go to the next one (525–526)

AA: like your contacts and interviews (572)

KT: (but) that’s plagiarism but never mind (638)

JC: if you don’t have a pitch and it’s deadline time (562–563)

Table 10 Section 9 discourse

KT: when you’re writing your article or when you’re looking for a topic (436–437)

JC: So you really have to know what you’re talkin about (484–485)

DR: SciJourner is not just about science. (Yeah we) tie in technology and math (533–534)

AA: because we all had this problem (578)

Table 11 Section 9 style

DR: Meet your deadlines. (453)

AA: Have your future stories in mind in case you finish early. (494–495)

JC: You need a back-up article, plus the other two that you tryina do (543–544)
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an online teacher CoP. I extend King’s (2014) thematic analysis of an adolescent CoP,

describing the fine-grained construction of jargon and shared discourses.

Additionally, the panelists positioned themselves within a school/SciJourn dichotomy.

In school, teachers were viewed as unilaterally handing out non-negotiable feedback. In

SciJourn, they saw themselves as agents who decided how to use feedback. Students

characterized power relationships between adults and students in SciJourn as more sym-

metrical (Puvirajah et al. 2012). Thus, a precondition for authentic learning was met in

SciJourn. An academic writing discourse of deficit was present in student talk about school

(Fernsten 2005), as were asymmetrical power relationships (Puvirajah et al. 2012). Clarke

(2009) described this type of positioning as antagonistic, a form of ‘‘contradistinction’’ or

‘‘otherization’’ in which members of CoPs sometimes engage (Clarke 2009). This dis-

cursive strategy demarcated a CoP’s boundaries.

Learning is ‘‘…an integral and inseparable aspect of social practice’’ (Lave and Wenger

1991, p. 31). Learning, specifically situated learning, occurs in communities of practice.

SciJourn’s shared practices were the model of an authentic, student-centered learning

community. To create a ‘‘magical’’ learning environment, we must attend to context. As

King (2014) cautioned, a classroom or extra-curricular community does not automatically

become CoP. Rather, we must deliberately cultivate it. In my SciJourn ‘‘newsroom,’’ I

noticed some of the discoursal features that I described in the analysis (e.g., journalistic

jargon, press-passes). However, I was completely unaware of many of the fine-grained,

grammatical indicators of the CoP. The discoursal descriptions deconstruct the very

essence of one community, revealing some of its ‘‘magic’’ so that it may be replicated.

Practitioners may use this analysis to monitor the emergence of a CoP and hence the

conditions for learning. This work and others inform more ‘‘well-designed’’ informal

science learning opportunities as well as more authentic ‘‘hybrid’’ spaces within school

settings (Puvirajah et al. 2012).

The school/SciJourn dichotomy leads to more complex notion of this CoP, one where

hybridity is layered. The dichotomy focused on editing in school versus editing in SciJourn

rather than the writing process as a whole. Students communicated the difference in power

relations in each context. However, another contextual difference may explain this dis-

course. Editing in SciJourn occurred in a digital rather than physical space. One could

consider the editing process to be the digital component of SciJourn’s CoP. Correspon-

dence with Dr. Newman represented a virtual hybridity. For students, SciJourn’s editing

practices resembled a familiar cultural practice, online communication. Kohnen (2013)

categorized the feedback itself as ‘‘…‘boundary objects,’ designed to help the students join

the SciJourn community of practice’’ (p. 76). However, her work did not focus on the space

in which the editing occurs. Digital editing and other online learning tools call for further

exploration, as they may constitute access-enhancing hybrid discourse practices for stu-

dents (Hanrahan 2004).

The school/SciJourn dichotomy also raises the question: what is it about SciJourn that

makes students feel free? Again, what is so ‘‘magical’’ about this project? Perhaps the

location of the conversation explains the panelists’ responses. They discuss the constraints

of academic writing in an informal setting, outside of the school walls. Still, I was able to

create a separate ‘‘space’’ for SciJourn within my eighth-grade classroom. Perhaps the

‘‘magic’’ is that projects like SciJourn free students from academic rules and conventions.

However, SciJourn had its own rules and conventions.

I am confident that my students would also distinguish SciJourn from other forms of

academic writing in ways that are key to its ‘‘magic.’’ First, SciJourn was personally

relevant. On the day that I introduced SciJourn, I asked my students to access EurekAlert!,
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a science news website. I gave them free time to explore a science topic of their choice e.g.,

cyberbullying, concussions, etc. They were shocked that so many science articles had been

published about topics of their interest. They became so engrossed with their research that

some resisted logging off their computers when the bell rang. Later, students became

emotional as they researched and began to grasp family members’ health issues. Second, a

project where students are pursuing a variety of interests lends itself to autonomy. A

teacher cannot and should not be an expert on all topics; he or she has the privilege of

being learner alongside students. On my ‘‘Nicholas Newsroom’’ SciJourn days, my stu-

dents worked, and I filled the role of science literacy advisor. These features, combined

with the ability to negotiate feedback, accomplish the power symmetry noted in the

panelists’ discourse.

In arguing about the ‘‘magic’’ of the SciJourn CoP, I have attended to aspects of the

project itself and its context. Relationships within the CoP cannot be explored fully through

this method. Using CDA, I found that participants co-constructed a CoP, but analysis does

not reveal how those relationships form or operate. Since I was not present during data

collection, I raise questions on relationships based on my personal SciJourn experiences.

Were the students editing each other’s work? My students did this before emailing Dr.

Newman. Were they ‘‘pitching’’ story ideas to adults and peers? Were they collaborating as

co-authors? Were they experiencing set-backs and successes together? We all awaited

feedback from Dr. Newman, celebrating our first student publication. Were they sharing

interview tips? My students took great pride in interviewing ‘‘experts’’ and ‘‘stakeholders.’’

As relationships are vital when developing a CoP, investigators should include them in

interview protocols.

Although this interview approximates Ivanic’s ‘‘talk around text,’’ it differed in key

ways that prevented further analysis (Lillis 2009). If the interview had been planned as a

‘‘talk around text,’’ the students would have been asked to individually explain specific

conventional choices in their respective SciJourn articles. The same questions would be

asked of their specific academic works. Rather than broadly critiquing editing in academic

writing, they would have been unpacking associated ideologies.

Interactional dynamics of this discourse event should also be noted. One student’s voice

dominated the discourse. I used the data in Table 1 to calculate the percentage of turns

taken by each participant. DR had a larger proportion of turns than even the moderator, 25

% versus 23 %, respectively. She initiated several of the discourse patterns noted in the

analysis. As presented in the Section 10 analysis, she introduced the vocabulary of

‘‘scratching’’ and ‘‘suggestion’’ which was subsequently taken up by the other female

panelists. Although this discourse pattern held across participants, we have no way of

knowing the extent to which each participant agreed with those word choices. Addition-

ally, the male students did not participate linguistically in Sections 9 and 10. In these

sections, extended multimodal analysis could reveal participation through activity, rather

than talk. Even multimodal analysis leaves off the interactional histories between partic-

ipants and in-depth life histories that may influence engagement in this social practice.

Similarly, it is possible that the interviewer’s grammars influenced the construction of

the school/SciJourn dichotomy. According to Anne Pomerantz (2000), interviewers

potentially alter the linguistic and social resources available to construct identities. CGS

characterized SciJourn as ‘‘a totally new type of writing which is different than anything

that you’ve done before’’ (6–8). She later asked about similarities (111) and differences

(104, 140, 254, 685, 943, 949, and 959). These phrases assumed difference and created a

dichotomy between the two genres. CGS did not inquire about students’ previous jour-

nalistic experiences or writing in science class, either of which would constitute a fairer
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comparison. I should remind readers that the SciJourn researchers and I view the project as

distinct from other forms of academic writing. Rule-breaking of academic conventions was

encouraged. The authors of Front Page Science (2012) highlighted the need to un-train

students from the structure of ‘‘five-paragraph essay’’ in order to adopt journalistic form.

Certainly, these philosophies have influenced student dichotomous discourses. However,

they cannot account for the academic writing discourses and the student positioning within

the student–teacher relationship.

Scholarship emphasizing the multimodal construction of CoPs is an area for future

inquiry. Multimodal analysis significantly strengthened my explanatory arguments, but it

should not always play second fiddle to linguistic analysis. For example, I knew that

‘‘scratching’’ was distributed across multiple participants. However, including the gesture

added to the explanation of why that word choice really ‘‘catches on’’ in the group. The

multimodal analysis provided a window into that cohesion, allowing me to see the CoP in

operation. Activities co-constructed and substantiated the verbal rapport between partici-

pants (Rowe 2011). They were the ‘‘glue’’ that held the utterances together. The multi-

modal analysis confirmed many of what I now realize were hunches based on the CDA of

the audio alone. I had underestimated the nuances and complexities of this interaction.

To date, the research on learning in SciJourn has been limited to measures of science

literacy (Farrar 2012). Troy Sadler (2009) connected science learning to discourse in

asserting that the ‘‘… criterion for learning is developing increasingly sophisticated Dis-

courses within communities of practice of interest’’ (p. 5). Under this definition, my

findings document the panelist learning. Conceivably, discourse development and acqui-

sition could also be measured in future research.

This analysis also reveals the potential psychological growth that occurred as a result of

membership in the CoP. As it countered discourses of deficit in academic writing, SciJourn

offered the potential for developing more positive writer identities (Fernsten 2005).

Although there is some evidence of this development in the current paper, critical dis-

course analysis could be used to elaborate the construction of these identities. I encourage

researchers to conduct the previously described ‘‘talk around text’’ interview (Lillis 2009),

as it is designed facilitate analysis of academic writing discourses.

SciJourn scholars have noted the high proportion of articles related to health and

described the project’s potential to impact health literacy and personal decision-making

(Polman et al. 2014; Saul et al., 2012). Joseph Polman and Jennifer Hope (2014) described

SciJourn as agentic as they called for further exploration of the ‘‘power of personal con-

nections to health’’ (p. 315). Although agentic outcomes of SciJourn have not been

assessed, choice and agency were discoursally represented in the current analysis. I rec-

ommend expansion of a health-specific SciJourn project in the St. Louis region with the

possibilities of assessing both educational, psychological, and public health outcomes.

Conclusion

I end with some considerations about CoPs as social learning environments. It is important

to remember that the ‘‘magic’’ of a CoP is not tied to the community’s specific goal or the

location. Here, I have documented that elements of a SciJourn CoP were present in my

classroom and the informal environment of a science center. Moreover, SciJourn is just one

model of an emerging CoP. Each CoP is unique, with its own discourses that support and

evidence learning. One could envision a myriad of CoPs that support science literacy, none
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quite like SciJourn. I would advocate for the formation of CoPs that solve real-world

problems and address issues like sustainability, health, and environmental justice.

Although the goals of individual CoPs differ, social practices like apprenticeship and

negotiating practices are common features. The practices not only support learning, they

provide important benefits to participants such as positive identity development and command

of a complex set of communication skills. As these benefits transcend any given community,

CoP learnings are transformed into social and intellectual capital. And that is truly magical.

Appendix 1: Multimodal transcript

Section 10

Talk 

Activity

45:00

DR: they’re not necessarily like deleting what you 
have but like they’re scratching out 
DR:                                                                                          
Miming scratching 

45:43

AA: Like DR said, at school you have your teacher 
just scratching out

AA:                                                                                    
sweeping motion with arm

45:55
AA: just scratching out and writing over it
AA:         mimes writing
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47:11
JC: when you’re doin a paper at school they scratch it 
out y’ can’t go back and change it
JC:                          index finger ‘scratching’

Section 9

37:27

DR: Try your best to meet your deadlines. 
                                                                           DR: smiling
                                                                           KT:  smiling
                                                                           CGS: smiling 

JC: Yeah, deadlines. 
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39:44

JC: And like what DR said with the the juggling the articles.
DR: smiling, shrugging shoulders, pointing to self

40:35
AA: and off of what JC said
JC: Yay!

Gaze at AA, clapping

44:50
DR: Your teacher’s using her red ink pen to actually do all your corrections
DR:                         gaze toward KT
KT:                                                              laughing smiling
CGS:                                                           smiling, gaze at DR
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Appendix 2: Seven building tasks

School discourses

Lexical feature Evidence
Note: the bolded words do not necessarily
indicate speaker emphasis

Building task/
theoretical frame

Students as required to do actions
in school or verbs of
‘requirement’

JC: McDonalds OR healthy food?
They would try to make you choose
(233–234)

KT: in school you have to have the outline,
your rough draft, your first draft, the draft
before the final draft, and then your final
draft. (694–700)

See also (57–58), (41–42), (802–803),
(819–821), (934–935), (986–988),
(991–992)

Relationships/figured
worlds

Relationships/
Discourse

Students as recipients (or students
as the indirect objects of teacher
‘giving’)

DR: like usually at school we always have
topics already handed out to us (41–42)

See also 149, 770

Relationships/figured
worlds

Relationships/
Discourse

School discourses: scratching

Evidence
Note: the bolded words do not necessarily indicate speaker emphasis

Building task/
theoretical frame

DR: Your teacher’s using her red ink pen (710)
they’re scratching out and making changes. (713)

AA: you have your teacher just scratching out (730)
AA: And you’re thinking like ‘whoa! I thought did this like good and

everything’
and you have your teacher just scratching it out (733–734)

JC: they scratch it out y’ can’t go back and change it. They just scratch it out
give you a grade. You get what you have. (770)

Significance/situated
meanings

School versus. SciJourn

School SciJourn Building task/
theoretical frame

Topic/
Genre

AA: all we did was write
research papers and um history
papers (18–19)

AA: your teacher gives out to
you. (149)

See also (41–42)

AA: we have a little bit more
freedom than in school and we
we can expand like just go
beyond what we uh do in
school (150–154)

DR: this is the idea that I’m
having and

Relationships/figured
worlds

Relationships/
discourse

Perspective JC: They would try to make
you choose (233–234)

See also (263–264)

Relationships/figured
worlds

Relationships/
discourse
intertextuality?

296 C. R. Nicholas

123



School SciJourn Building task/
theoretical frame

Writing
Format

KT: in school you have to have
the outline, your rough draft,
your first draft, the draft before
the final draft, and then your
final draft. (694–700)

DR: because it is a standardized
paper, it has to be like,

See also (57–58), (991–992),
(934–935)

KT: but basically this is like like
two or three steps to- so you
can get to your final step And
it’s easier. (702–705)

AS: It’s your citation (inaud).
You just put it right there where
it’s at. (824–825)

See also (893–894), (937–938),
(994–995)

Relationships/figured
worlds

Relationships/
discourse

Editing See—Scratching
AA, to get a good grade, you
most likely want to take what
they put in um your paper
(743–746)

JC: cuz it takes a long time to
write out another- a whole- the
same paragraph or paper
that you just written (780–782)

DR: more of a suggestion (723)
AA: you can either accept the

suggestions or you can
decline them (748–749)

KT: you can decide to accept or
decline the suggestion. (763)

See also (738–740), (784–787)

Significance/situated
meaning

Relationships/figured
worlds

Relationships/
discourse

Assessment DR: ‘alright this is what you’re
being graded on.’ ‘This is
what you have to have do’.
(802–803)

DR: If it says you have to have
this then,

I’m gonna have this or I’m not
gonna get graded. (819–821)

DR: it’s like you’re putting your
own ideas into it it’s not what
they want you to have.
(808–809)

Intertextuality?
Relationships/figured
worlds

Relationships/
Discourse

Sources AA: we did it based off of the
books that we were reading, or
look up quotes that was said
about the books (874)

See also (980–981)

AA: we get em from different
websites (893–894)

JC: it’s kind of crediting the
book and not really
telling/giving emotion or
feeling about the paper.
(980–981)

DR: I think it’s more for
(originize), like it’s original
(1003–1004)

Relationships/figured
worlds

Relationships/
discourse
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Abstract This article outlines a study of praxis. Inspired by my reading of Jacques

Rancière’s (The ignorant schoolmaster: Five lessons in intellectual emancipation, trans.

K. Ross, Stanford University Press, Stanford, 1991) influential text, The Ignorant School

Master, I explore the practical applications of his work for teaching and outline a peda-

gogical response that sought to effect educational change through a philosophically driven

teacher inquiry.

Keywords Rancière � Emancipation � Subjectivity � Equality � Elementary science

education � Reading as inquiry � English language learners

The concept of emancipation and its relationship to schooling has a long tradition.

Recently, educators have engaged with the work of French philosopher Jacques Rancière

to contribute unique perspectives to discussions on equality, empowerment, and emanci-

pation in education. For example, in science education, Jesse Bazzul (2013) notes that

‘‘Rancière’s politics and radical notion of equality can provide (science) educators with

new political possibilities’’ (p. 245). Claudia Ruitenberg (2008) challenges us to consider

‘‘If democracy really matters, those who have a voice in schools and school systems can

ask themselves what structures currently prevent democracy from entering the scene and

equality from asserting itself’’ (para. 17). And Gert Biesta (2010) draws on Rancière to

offer a series of reflections on emancipation and critical pedagogy concluding that it is not

our commitment to equality, democracy, and emancipation that matters most, ‘‘but how we

express and articulate this commitment’’ (p. 57).
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Although education scholars have engaged with Rancière’s work from various philo-

sophical perspectives, few have explored the pragmatic applications of his work for

teaching in contemporary classrooms. This article describes an experiment using Rancière

inspired practices set within a multilingual and multiethnic grade-six suburban elementary

science classroom in Ontario, Canada. The aim of the experiment is not to ‘‘replicate’’ or

‘‘transmit’’ the philosophy of Rancière but to teach from a pragmatic philosophical and

pedagogical interpretation of radical equality.

I begin this article by describing the impetus for the study, which is positioned within

Rancière’s (1991) philosophical thoughts on equality and intellectual emancipation as

articulated in The Ignorant Schoolmaster. I briefly outline his philosophy on teaching and

learning then describe my process of application of these principles to my practice. I

describe my pedagogical adventure in my science classroom by outlining the design of my

action research study and the curriculum that emerged from student experiences. Next,

through students’ reflections on their learning, I present themes that emerged from the data,

which give insight into students’ thoughts, perceptions, and feelings about their learning

experience. As this paper draws upon research that is part of a larger study, selected themes

are presented. Lastly, I reflect on what I learned from my experience and consider

implications for practice within science education. This article outlines the author’s

innovative interpretation of Rancière’s work in an attempt to see what can be done at the

level of the individual when intellectual emancipation, as radical equality, is the basis for

emancipatory pedagogy.

As a science graduate who has been involved in elementary education for the past

13 years, my academic background and passion for science prompts a particular subject

interest and a curiosity about the kinds of learning experiences students obtain in science

classrooms. Two particular ‘‘critical incidents’’ (Tripp 1993; Nott and Wellington 1998)

compelled my desire for research; the first being an I can’t do it attitude exhibited by many

of my students. This emerged through my classroom-based observations of students’

seeming lack of confidence in their abilities. This was not necessarily associated with an

unwillingness to learn or participate in class, but rather to learn or participate primarily

when told explicitly what to do and with constant explaining.

Over the years, in casual conversation with students, many were forthcoming with their

insights explaining that if they were learning through texts and they perceived the text as

having too many words or sentences, they would not really bother to read it or at the most

skim read it. Many students openly acknowledged, ‘‘It’s easier for the teacher to just

explain it.’’ Concomitant with this observation was my experience with the passivity of

many students as learners. For example, to elicit students’ opinions in a class discussion

was difficult. Students were reluctant to express their own opinions and defend it to others.

They were concerned with the ‘‘right’’ answer and adept in trying to gauge what they

thought the teacher wanted to hear as the ‘‘right’’ answer.

The second ‘‘critical incident’’ was my encounter with Rancière in the reading of The

Ignorant Schoolmaster. Reading his work had a significant impact on my personal and

professional learning. It prompted me to ask different questions about my practice and

provided another lens through which to interpret my professional experiences.

Rancière affirmed some of my experiences and observations in schooling and provided

a new lexicon and schema in which I could think about the underlying issues more deeply

and from a vantage point that I had not previously considered. It sparked within me

excitement about possibilities for a different teaching and learning experience based pri-

marily on changing my thinking about my intellectual relationship to others.
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Radical equality

For me, Rancière’s appeal is his offer of a radically different conception of equality. In the

Ignorant School Master Rancière unfolds a philosophy of teaching and learning through a

story of Joseph Jacotot (1770–1840). Jacotot is a nineteenth-century French teacher who

taught Flemish to students who knew no French without knowing any Flemish himself.

Faced with this particular circumstance, Jacotot devised a method of teaching in which

students read and recited a dual language classic (Telemaque published in 1699). Through

close attention, comparisons, and verifications the students learned to fully comprehend the

book’s contents and thereby learned to write French. Rancière brings attention to Jacotot’s

method, as an illustration of teaching ‘‘emancipation’’, which is placed in contrast with

teaching situations that rest on unequal relationships between teachers (as knowledgeable)

and learners (as lacking knowledge). Jacotot discovers that knowledge is not necessary for

teaching, or explication necessary for learning. As Rancière (1991) writes:

The revelation that came to Joseph Jacotot amounts to this: the logic of the

explicative system had to be overturned. Explication is not necessary to remedy

incapacity to understand. On the contrary, that very incapacity provides the struc-

turing fiction of the explicative conception of the world. It is the explicator who

needs the incapable and not the other way around; it is he who constitutes the

incapable as such. (p. 6)

From such revelations, Jacotot conceived the principles of what Rancière describes as

‘‘Universal Teaching’’. Such an approach challenges traditional educational practices

through a starting supposition that all people have the capacity to learn through their own

intelligence independent of a teacher’s expertise and explications. Through this presup-

position, Rancière questions many educational theories and practices that assume (im-

plicitly or explicitly) a particular logic of emancipation in which equality of intelligence is

a goal or conclusion to an argument rather than a starting point. He argues that such

approaches ultimately lead to a lasting hierarchical dependency on the teacher (as the

emancipator), and this dependency is ultimately thereby stultifying, rather than emanci-

patory. With assistance from Jacotot, Rancière thus outlines an ‘‘alternative way to

understand and do emancipation—both at the level of education and at the level of phi-

losophy and social theory’’ (Biesta 2010, p. 40).

For Rancière, emancipation is directed at the level of the individual. It is not something

‘‘given by scholars, by their explications at the level of the people’s intelligence, but with

the emancipation seized, even against the scholars, when one teaches oneself’’ (Rancière

1991, p. 99). Quite simply, intellectual emancipation is each person becoming conscious of

his/her nature as an intellectual subject. A reversal of Descartes, ‘‘I think, therefore I am’’

to ‘‘I am a human being, therefore I think’’ (Rancière 1991).

Assuming equality of intelligence does not mean comparing intellectual abilities or

expecting everyone to achieve the same test scores. It is for teachers and students to know

that the same intelligence is at work in everyone, in all the productions of the human mind,

and as human beings, our ability to speak and communicate with one another makes us

capable of understanding and reasoning with one another (Rancière 1991, p. 18). There-

fore, in the classroom, learning is about using one’s intelligence under the assumption of

the equality of intelligence.

In this study intellectual emancipation is explored as a response to science learning

environments where learners may be ‘‘stultified’’ as a result of the traditional power and
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control dynamics of schooling. According to Rancière (1991), in such environments

educators operate under the premise that students cannot understand without the expla-

nations of the teacher. If the student does not understand, new more rigorous and attractive

ways to explain are employed. This approach is based on the principle of explication which

implies an assumption of inferiority of the student. Rancière reasons, ‘‘to explain some-

thing to someone is first of all to show him he cannot understand it by himself’’ (1991,

p. 6). He notes that the explicating teacher keeps the student aware of their intellectual

inferiority by keeping back a piece of learning. In schooling, this is exemplified in the

standard and typical approach to teaching which is often characterized by the transmission

of knowledge adapted to the perceived intellectual capacities of students and delivered

through an ordered progression of simple to complex.

This world of school science may tie some students to the explicative practices that

stultify. The stultification of students that arises from this schooling context is not due to

the lack of instruction, but the belief in the inferiority of their own intelligence. To

summarize, Biesta (2010) states, ‘‘the only thing that is needed is to remind people that

they can see and think for themselves and are not dependent upon others who see and think

for them’’ (p. 55).

Adopting the belief that there is no hierarchy of intellectual capacity, one can, therefore,

accept that education is the matter of what all students equally have, a baseline of intel-

ligence. Any difference is a result of differing levels of effort among learners (Rancière,

Interview 2008). As a result, ‘‘equality is not achieved as an end product of a series of

stages but is confirmed by emancipated individuals, that is, by individuals who have

discovered their equality with everyone else in the demos, regardless of status, wealth, and

power…’’ (Säfström 2011, p. 207).

Rancière (1991) is clear that the aim is not to prove that all intelligence is equal; it is

‘‘seeing what can be done under that supposition’’ (p. 46). For Rancière, equality comes

from recognizing that for anyone who has learned to speak, intelligence is the capacity to

engage with the world and its objects in a meaningful way. This is by being obliged to

relate what one does not know to what they know, to observe and compare, and to verify

what was seen and said. For example, all people have the capacity to engage the same

material object (ex. a book). Therefore, equal access to the same object and the capacity to

engage it in a meaningful way is equal. Rancière does not presuppose that everyone in the

world has equal opportunities to learn and to express their capacities. Additionally, an

obstacle to learning may occur because an individual may think it is not possible or

necessary to know more.

Learning, from this perspective, is seen as an act of will, ‘‘whether the will compels or

relaxes the workings of the intelligence’’ (Rancière 1991, p. 56). That is, learning is the

training and strengthening of will. According to Rancière (1991), ‘‘intelligence is attention

and research before being a combination of ideas. Will is the power to be moved, to act by

its own movement, before being an instance of choice’’ (p. 54). Rancière argues that each

of us represents a will that is served by an intelligence. We see, analyze, compare, reason,

correct, and reconsider, on an everyday basis. We do not always learn the same things

because we do not pay the same amount of attention to the situation. Furthermore, he

suggests that,

[m]eaning is the work of the will. This is the secret of universal teaching. It is also

the secret of those we call geniuses: the relentless work to bend the body to necessary

habits, to compel the intelligence to new ideas, to new ways of expressing them; to
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redo on purpose what chance once produced, and to reverse unhappy circumstances

into occasions for success. (Rancière 1991, p. 56)

A student may need a teacher when their own will is not strong enough to set them on

track and keep them there. This subjection is purely will over will. It becomes stultification

when it links intelligence to another intelligence; that is, what the teacher knows and/or

allows a student to know.

As Rancière notes, in Jacotot’s situation the students were linked to a will (Jacotot) and

to intelligence (the book). A Rancierien view of intellectual emancipation is the known and

maintained difference of the two relations.

A pedagogical adventure

Embarking on a considerable departure from my existing school-based teaching practices

posed an intriguing possibility and challenge. How would my practice respond to Ran-

cière’s notion of intellectual emancipation? Specifically, how might principles of universal

teaching and radical equality be applied within a school-based elementary science pro-

gram? How do students respond under the assumption of equality of intelligence in this

context? Are cultures of schooling and radical equality philosophically compatible? I

return to these questions at the end of this article.

Becoming an ‘‘ignorant schoolmaster’’

According to Rancière, to be the cause or agent of emancipation starts with one’s own

emancipation. As a science teacher and researcher, my emancipation started with critical

reflections on my practice, an examination of my subjectivities as a science teacher, and

the desire to understand what it meant to be ‘‘ignorant’’. From Rancière’s perspective, there

are distinct types of ignorance, the most obvious being a teacher who teaches what they do

not know. In this study, I do not claim this position. As an experienced educator, I do have

knowledge of science from formal education that exceeds my students. However, Rancière

proposes other types of ‘‘ignorance’’, one being not faking ignorance to provoke knowl-

edge, but being the ‘‘cause of knowledge’’ for students without actually transmitting any

knowledge. That is, being a will that assists students to activate capabilities that they

already possess. Another type of ignorance is refusing the knowledge of inequality by

rejecting the premise that it is necessary to begin with inequality in order to reduce

inequality. Embracing these two domains of ‘‘ignorance’’ served as starting points to revisit

and reframe my pedagogical subjectivities.

Part of the reframing process meant reflecting upon how to ‘‘act out’’ equality of

intelligence in the classroom in my role as teacher. I considered Jacotot and his important

pedagogical role as an ignorant schoolmaster. A role which Rancière contends values the

learner by focusing on the demonstration of their thinking in relation to the object of study

(ex. text), and verifying the work of their intelligence with attention and questioning. From

this perspective, intelligence is where ‘‘each person acts, tells what he is doing, and gives

the means to verifying the reality of his action’’ (Rancière 1991, p. 32). Hence, the role of

the teacher, the ignorant schoolmaster, is not to lead students along a predetermined path

by Socratic style questioning, but to motivate them to attend to their work and ‘‘oblige’’

them to realize their capacities so that their equal intelligence will have an opportunity to

find expression.
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Adopting a stance of radical equality in my practice challenged the dominant and

conventional perspectives on teaching and learning in school science. That is, assuming

intellectual equality in the classroom and acting upon this presupposition is in opposition to

structures of schooling. In school cultures where compliance is the norm, breaking through

the taken for granted assumptions of everyday teaching practices became political. Indeed,

as Michael Apple (2008) notes, the arguments of many critical educators over the last three

decades have been to regard education as a political act; an act that requires us to think

relationally. ‘‘That is, understanding education requires that we situate it back into both the

unequal relations of power in the larger society and into the relations of dominance and

subordination—and the conflicts to change these things- that are generated by these

relations’’ (p. 241). This perspective requires asking a different set of questions of which

one is, ‘‘What can we do as critical educators and activists to change existing educational

and social inequalities and to create curricula and teaching that are more socially just

(Apple 1996, 2000; Beane and Apple 2007)?’’ (p. 241).

My decision to act politically does not follow the tradition of addressing this kind of

critical challenge. Instead, it is a personal choice within my classroom practice to act in

opposition to educational and social inequalities by asserting equality of intelligence with

all students, and the students likewise with each other. For Rancière, this is politics (the

practice of democracy or politics of equality); the interruption of the normal consensus

(Rancière 1999). According to Rancière (1999), politics is the disruption of the police

order in the name of equality. Rancière uses the term police and police order to describe

the institutions and process of governance that prescribes what can be seen, said and done,

what is allowed or not allowed in any given situation. In addition, there are many types of

classifications that are assigned to individuals in the police order that creates many types of

inequality that influence ways of thinking and behaving. For example, in systems of

schooling, classification of students is common around issues of academic performance,

perceived ability, behavior, and socioeconomic status, to name a few. The police order is

similar to a code of conduct that creates a permanent set of norms which in turn establish a

community that decides who is included, whose words are significant, and who is entitled

to govern. Maintaining this system is the police; the power that keeps everyone and

everything in its place.

Accordingly, the practice of democracy tends towards dissensus whereas, consensus

attempts to end politics with no willingness to tolerate disagreement or dissensus (May

2008). For example, systems of schooling are based on consensus. If an educator is not in

consensus with the accepted and established theories and pedagogical practices (which

presuppose intellectual inequality) and acts in disagreement or dissensus, then it is politics.

In the following section, I describe my classroom intervention, the politics of equality.

Methodology

The methodological approach adopted is congruent with action research (Kemmis and

McTaggert 1990) and teacher inquiry (Cochran-Smith and Lytle 1993). In my research

intervention, I take the position of those such as Robert Stake (2000) and Rob VanWysberghe

and Samia Khan (2007) who argue from the perspective of case study as an object. That is, not

using case study as a methodological choice but as a choice of what is to be studied. In my

study the case is the science classroom consisting of all the participants (teacher, students).

Studying my classroom as a case allowed me to explore the dynamics of the classroom

environment by considering the data gathered from a variety of sources in my action research.
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Context and participants

The study was conducted in Ontario, Canada, an educational context where English and

French are typically the official languages of instruction in schools. In some commu-

nities, members of official language minority communities gain government assistance

to provide education in their own language. In English-language schools, such as this

research setting, French is studied as a curriculum subject. The participating school was

an elementary school (K-6) in a large urban setting. The school reflects the growing

multilingual and ethnic diversity within the school board with an enrolment of 763 (see

Schecter and Otoide 2010). At the time of this study, the student population spoke 43

different languages (e.g. 24 % Urdu, 20 % English, 9.8 % Tamil, 9.4 % Arabic, 6.3 %

Gujarati, 5.6 % Hindi, 2.9 % Bengali, 2.3 % Pashto, 1.8 % Mandarin, and 1.3 % Dari,

Punjabi, Vietnamese, and Malayalam). The teaching faculty of 52 permanent staff is

ethnically diverse with 9 teachers speaking one of the top ten first languages apart from

English. The class of 27 sixth grade students (ages 10–11) was designated by the

school board as ‘‘ESL (English as Second Language) rich’’ and consisted of a mixture

of English language learners (ELL) at various stages of English language acquisition

and non-English language learners. I was the full time classroom teacher assigned to

teach all subject areas, except for French. The class also had one part-time ELL teacher

that worked with me to support the teaching and learning needs of students.

Data collection tools

A variety of qualitative data was obtained to assist in the triangulation of data. I

conducted video observations of student/teacher conferences by video recording the

sessions to keep a detailed record of interactions and discussions. The video recorder

was set on a tripod in proximity to the conference area. I conducted video interviews at

the end of the study as a means to gain insight into the thoughts, perceptions, and

feelings about the experience in the participants’ own words. A general interview guide

provided the topics for questioning thereby ensuring some uniformity from one inter-

view to another (Goodwin and Goodwin 1996). Artifacts provided another source of

data that further helped to understand how students perceived their experiences. These

consisted of student reflections of learning in their science journals, artifacts of their

written work, the Questionnaire Reflection sheet (‘‘Appendix’’) and the Research Pro-

cess Rubric where students rated their own questions, selection and documentation of

sources, note-taking and communication to others. Field notes were used to record my

reflections on what I observed and experienced. As Creswell (2002) observes, it is

difficult to take notes while participating in social interactions therefore, I waited until

after classes to reflect and document events.

Procedure

My change in practice resulted in a curriculum that emerged as three chronological phases

(Fig. 1).
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Phase I: orientation and exploration of concepts of emancipation

This first phase represents what I deemed a necessary requirement for translating the

theoretical vision into a practical reality. The four lessons set the context for a different

way of teaching and learning by re-negotiating with students, the teaching and learning

paradigm of the class, which was a move towards more emancipatory practices. This

required the class and me to reconceive the intellectual order of the classroom which first

Fig. 1 Illustrates the curriculum of student experiences that emerged, the associated lessons and the sources
and sequence of data collection throughout the study
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meant to reframe the student/teacher relationship, identity, and ways of doing in the

science classroom.

Through small and large group discussion activities, the four lessons explored the

concept of teaching and learning from the students’ perspective. That is, what constitutes

learning? For example, the students were asked to look and reflect on a collage of 24

numbered pictures displayed on a screen using an LCD projector. The discussion activity

focused on the questions:

• In which pictures are people learning science? Why?

• Which of the pictures have teachers? Who is the teacher? Who is the learner?

• When you look at all of the pictures, what do you think it means to learn?

• When you look at all of the pictures, what do you think it means to teach?

Another discussion activity focused on students choosing three pictures and reflecting

on the questions:

• What is the teaching/learning relationship between the people in the pictures? Who has

control of the learning?

• Which picture(s) show the best way to learn science? Why?

Students also participated in individual reflections based on the following questions:

• In which situation can you learn the most?

• Which learning situation is most comfortable for you (physical/emotional)?

• Which learning situation do you like best? Why?

We continued the reflection and discussion on teaching and learning with my intro-

duction of Jacotot. I explained his story in straightforward terms indicating that he was a

university teacher who had to teach students whose language he did not know. I explained

that because of this he discovered a different method to teach students, one that was based

on believing in the equality of intelligence of all students. I explained to students that he

believed students are to use their own intelligence. We discussed his definition of intel-

ligence as the attention given to research (searching for what one needs to know) and the

belief that we all have the ability to learn something. I described his belief that the

teacher’s job is to keep students on track on the road to learning; that all people have the

capacity to learn through their own intelligence, without a teacher’s explanations; and the

fact that what I know as a teacher does not need to affect what they, as students know.

Students were intrigued and prompted discussion about the fact that this understanding

of equality meant that we are intellectually equal to each other; they are equal to the

authors and their texts; they are equal to the authors behind the text (book, website, article,

etc.); and there is no hierarchy of language. We discussed how all languages can be equal

in our learning environment and how a person’s first language can be a great resource for

their learning. In practical terms that meant supporting and/or encouraging: peer-to-peer

discourse in students’ first language; writing for learning in a first language (ex. journal

writing, concept mapping, graphic organizers, etc.) if deemed an asset to student under-

standing; and parent/student support in their first language.

Phase II: intellectual emancipation—inquiry with science texts

Phase II consisted of lessons 5 through 17. In this phase, ‘‘lesson’’ reflects the units of time

allotted to the subject matter. There were no formal lessons or ordered progression of

topics. In this phase students had intellectual space to think for themselves under the

In pursuit of the practice of radical equality: Rancière inspired… 307

123



assumption of equal intelligence and ask and answer their own questions under the topic of

study, Understanding Earth and Space Systems of the Ontario grade 6 science curricu-

lum (Ministry of Education 2007). This inquiry phase (Fig. 2) is supported by three stages

of interaction with text and reflects the emerging literature on reading as inquiry with

science texts. That is, when the reading is of science texts, reading is inquiry; the principled

interpretation of text by a reader who infers meaning by integrating text information with

relevant background knowledge (Phillips and Norris 2009).

Although there is an overall logical sequence to students’ progression through the stages

outlined below, their learning journey is conceived as an iterative inquiry process involving

dynamic movement through the stages. As a result, this pedagogy of inquiry with science

texts supports a student’s individual journey of learning where students are not formally led

through each stage concurrently and may exercise the different options the stages afford.

Inquiry through text stage

In this stage, students chose their own investigative questions within the topic of study.

There was no added incentive for a greater quantity of questions posed. Instead, students

moved through the stages based on when they determined they answered the question. The

focus was on the quality of their search (research to observe, compare, verify), which is

made evident by their responses to the reflection questions posed in the journal and similar

reflection questions posed by me through the student/teacher conferences.

The students chose their own information text from books, magazines, and electronic

sources. The choice of text from multiple sources and media reflects the variety of text

forms that today’s students’ access. The opportunity for this type of choice was based on

the presupposition of intellectual equality among learners and teacher. The inequality of

schooling often results in students’ underestimation of abilities, especially English Lan-

guage learners, who are even more restricted in choice than other students, based on

preconceived assumptions. The belief that a student has the intelligence to choose a text

appropriate for their needs and reading level and the ability for self-correction if an

unsuitable selection is chosen was equality in action.

Inquiry 
Through Text

Student Question(s) 

Research Information 
- Focused Reading of 

Science Text

Guiding Questions:
What do I see in the 
text? What have I 

learned? What do I 
think of it? What do I 
make of it? What do I 

conclude?

Inquiry 
With Text

Science Journal 
Documenting 

Attentive Study

Science Journal 
Additions

Writing Activity

Inquiry  
About Text

Student/Teacher 
Conferences

Communicate 
Learning to Others

Fig. 2 Stages of reading as inquiry
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Inquiry with text

After the focused reading of science text(s) this stage provided the opportunity for students’

learning and reflections on their learning to be recorded in their science journals as a way to

document attentive study (not grading or assessment). The structure of the double entry

journal challenged students to ask and answer the self-reflective questions that Rancière

deems necessary for the search. That is, for a learner to respond to the text by saying ‘‘what he

sees, what he thinks about it, what he makes of it’’ (Rancière 1991, p. 20). The journal is also

organized with a column that asks the question ‘‘What did I learn from the author?’’ It is

included to visually reinforce that there is a person behind the text; that the text represents the

ideas of an individual to which they are equal. Additionally, the journal acts as a thinking tool

by providing a student the space where they could write and think through reflection questions

and interact with ideas in their own language. The journal is designed for students to respond

to the reflection questions and record what they learned after each text.

Inquiry about text

Whereas the other stages of inquiry in this phase tend to be more personal and private, the

‘‘Inquiry About Text stage’’ engage students with their teacher and peers, through ques-

tioning, about their conclusions and the textual evidence from which it is drawn. The

conference gives students the opportunity, through conversation, to make connections and

process what they learned, determining the validity of information on their own.

The student/teacher conferences are an integral part of the stage. I conducted confer-

ences while the other students were working in various stages. The goal was for each

student to participate in the conferences several times throughout the cycle of stages. The

conferences are designed to keep a student’s will on track and committed to the search and

monitor student comprehension of text, that is, their ability to interpret text in a coherent

defendable manner. This was accomplished through learning conversations where students

shared what they were learning. The goal was to make the reflection questions the foun-

dation for the conversations in an effort to not ‘‘spoil’’ the method by personally leading

students through questioning or instructing them on what to do. This entailed asking

questions that helped students clarify readings, justify conclusions, and monitor their own

learning. The student/teacher conferences used the taxonomy of questioning (what do you

see, what do you think about it, what do you make of it) outlined by Rancière (1991). The

aim was for the reflection questions to keep the focus on the students’ search and facilitate

students’ understanding and processing of text as opposed to a critique on their content.

In this stage, students communicated what they learned by sharing their learning through a

variety of creative writing pieces either one on one in the student/teacher conference or with

the class and members of the larger community. The feedback received through discussion

and conversation helped to clarify, reinforce, or moderate the original conceptions. This

feedback helped students to form new ideas or support and reflect on an original idea.

The inquiry stages are organized for students to go back to the search if they conclude

after the student/teacher conferences or feedback from peers that the question is not

adequately answered. Students had the opportunity for further examination the same text or

read different texts and authors to further answer their question. New learning and

reflections were added to their science journals.

In essence, throughout phase II, I aimed to be the cause of student learning by (1)

assuming that the students were capable of choosing their own learning information from a
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variety of texts, one from which they could learn and understand; (2) encouraging students

to use their intelligence without explications; (3) encouraging them to pay close attention

to the text, comparing and verifying; and (4) keeping students on track by linking my will

to theirs in the enterprise of learning.

Phase III: exploring and reflecting

The third phase entitled, ‘‘Exploring and Reflecting’’ was an opportunity for students to

reflect on their learning experiences throughout the course of study and within the cur-

riculum that emerged from the action research. I interviewed students in order to document

their learning experiences over the term. These interview sessions were videotaped. In

addition, students completed their Science Portfolio Reflection Questionnaire and Research

Process Rubric as additional tools for reflection.

Data analysis

I analyzed my class as a case (Stake 2000; VanWysberghe and Khan 2007) and therefore,

included all students in the analysis. I adopted an emerging design with a constant com-

parative analysis and elected to start with the documents, specifically students’ journal

reflections, to identify codes to develop themes (Creswell 2002). Each student journal had

several different reflection comments, each produced at different points and times

throughout the learning cycle. As suggested, with the constant comparison approach of an

emerging design, I kept the texts of earlier students in mind while reviewing and coding

other student’s reflections. Therefore, I compared each student’s reflections to others

(reflection data set to reflection data set). Subsequently, for each student, I compared the

data set of their reflections to the data sets of their Journal work, Questionnaire/Reflection,

Research Process Rubric, and video to triangulate each student’s own database to enhance

the accuracy of the themes. Comparison was also conducted across students’ databases.

I followed a three-part process with the video observation of student/teacher confer-

ences and the video interviews data to determine appropriate segments for analysis. First, I

viewed the video of student interviews and student/teacher conferences in their entirety to

determine a sense of their content and context. Second, I described the video data by

writing brief descriptive notes of the content. Third, the descriptive notes and video were

reviewed to identify significant events that corroborated the themes.

I identified major and minor themes and used a thematic analysis approach of layering

themes by organizing the themes into layers from the basic to the more sophisticated

(Creswell 2002). I accomplished this by incorporating my minor themes within major

themes, which then led to broader themes. I developed the themes to the point of saturation

where no new information added any further detail. As Creswell notes, the result is a

complex analysis that works upward toward broader levels of generalizations.

Observations

This article draws upon research that is part of a larger study. The observations and results

presented here represent the themes associated with how my practice responded to Ran-

cière’s notion of intellectual emancipation. In this study, intellectual emancipation is
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described as the act of students acting upon or executing their own intelligence while their

will complies or follows the teacher’s will to learn (Rancière 1991).

The lessons in Phase I (Orientation and Exploration of Concepts of Emancipation)

yielded very interesting and sometimes humorous class discussions. In one lesson, the class

was intrigued as I explained what equality of intelligence meant. A collective gasp was

audible when I explained that this meant they were all equal to each other’s intelligence

and to my own. This was promptly followed by the question, ‘‘So you mean a grade 6

student is smarter than the teacher?’’ Some laughs and chuckles were expressed at this

thought as well as earnest eyes inquiring at me. I must admit that even though I was

striving for the student/teacher relationship to be redefined in this journey and knew that it

involved a shift in power relations, part of my teacher-self was not so amused at some

student’s willingness to play with this idea so readily. I realized even as I was conducting

this lesson, the antagonism within me between the old master and the new as I struggled

with what Power’s (2010) referrers to as the ‘‘erotics of pedagogy’’. She comments:

Even if the more straightforwardly oppressive elements of education are stripped

away, the erotics of pedagogy, and those forms of hierarchy that are predicated on a

romantic attachment to the teacher on the basis that he or she ‘knows more’ than the

student are hard to deny and perhaps even harder to prevent. (p. 7)

Another question was, ‘‘Are we equal to celebrities?’’ In response to these types of

questions I talked about equal intelligence as being the equal ability to learn and we

discussed the fact that we all have this equal ability to learn. We discussed how this type of

equality does not necessarily translate to what we do, the money we have, or our status

within the community. I posed a question about schooling and equality. I was very surprised

that many students immediately expressed that school is not equal. They launched into a

discussion about report cards. There were those who expressed that report cards ‘‘prove’’

that students are not equal. I was intrigued by the students who quickly considered the

concepts of equality and ability, countering with examples of how report cards do not show

ability (several citing Einstein as an example). It was students who initiated the conversation

about how a person’s motivation is the key to learning and cited several personal examples

of when they had the will to learn a skill or gain knowledge in a particular area of life or

subject and when they lacked the will and motivation to learn in other areas.

In my analysis of data from phases II and III, I focused on student behavior and

expressions of their perceptions of learning that could reflect evidence of successful

emancipatory pedagogy. Prior to my data analysis, I operated under certain assumptions.

For example, I assumed that there would be behaviors associated with intellectual

emancipation and that these behaviors would be observable. Although I did not speculate

on the types of behaviors, specific types of behaviors emerged through the themes of data

collection. I also acknowledge that my interpretation of these behaviors and students’ own

accounts of their learning are based on our partial understanding of our classroom expe-

riences. That is, one’s description of any experience is a partial account or interpretation of

that experience. As John Wallace and William Louden (2002) explain, there are two ways

in which a teachers’ knowledge of their own teaching is always incomplete. It is incom-

plete based on the fact that all knowledge is incomplete. Knowledge changes imperceptibly

and constantly with each new experience allowing for the possibility of new understanding.

In addition, my knowledge is incomplete because it is personal knowledge. Wallace points

out that this individual knowledge that is used to negotiate the world is different in crucial

ways from other teachers working in the same environment or similar environments, and

from students. I can never fully know the learning experiences or knowledge of my
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students because I do not have direct access to my students’ experiences, but rather, only to

what I take to be my students’ reactions to my teaching (Wallace and Louden 2002).

However, upon analysis of the data, themes did emerge around students’ will to learn

and their awareness of executing their own intelligence.

Students’ will/motivation to learn

Rancière’s concept of will is in many ways analogous to the more commonly referred to

concept of motivation. Motivation, from the Latin verb to move, is a process where a goal-

directed activity is sustained. In a similar vein, the ‘‘power to be moved’’ (Rancière 1991,

p. 54) is also found in will. A person’s will is served by an intelligence, which is the

amount of attention given to a situation; ‘‘learning is the work of the will’’ (Rancière 1991,

p. 56). One could argue that the amount of attention a student gives to a situation is

determined either consciously or sub-consciously by a goal that they set. Since will and

motivation are similar concepts that can only be inferred and interpreted rather than

observed directly, I do not make a specific distinction between the two for the purposes of

this study. In educational settings, motivation is a term more commonly used to discuss

students’ actions and attitudes toward learning. Students articulated aspects of their will or

motivation to learn through expressions of persistence, self-efficacy, and their positive

feelings about learning science in this context.

The manifestation of will was evident in students’ independent engagement and persis-

tence with their text. In a class with predominately English language learners, I anticipated

that students would voice complaints and/or show resistance to the amount of reading that

formed the basis for this inquiry. I was very aware of the strong possibility that interacting

with text may not have moved students yet alone sustain them in their learning processes.

Although some students acknowledged that this way of learning was more work, with the

exception of three students, the class did not adopt a negative view of reading as inquiry.

Students described their persistence through a variety of behaviors. For example, in

their science journals, student/teacher conferences and interviews, students referred to the

attention they gave to their work and described how it made them more accountable to

read, re-read and verify what they learned through thinking, checking and explaining.

Ava, in an excerpt from her interview comments:

This way was different – you’re making up own questions. I learned more than term

1 because working in groups is a bit harder. I learned more working individually and

read more. I read more to find information because could not just write anything

down because had to explain what I learned [referring to conferencing with teacher]

Nada comments on her hard work and persistence despite some challenges.

Nada’s Journal entry reads:

For the first text I thought this text was very interesting informative and convincing.

Many questions I had in my mind have been answered using this text and it has

answered my research question in a very through and detailed manner. A small

problem though was that just like I may have mentioned before, in this text there are

words and certain concepts that had to do with the text that I had not learned about

yet and this text they did not explain these concepts (like what a geomagnetic storm

was?) and so I did not have a clear definition and that may have affected my

understanding of the text in a negative fashion. For the second text I thought exactly

the same thing I thought of the first text, the same problem did not occur though as
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much and so this text was a little more understandable than the last. Also this text

explained all the parts of the text in brief ways that usually make sense fast.

I observed that students’ will to learn was also reflected in their self-efficacy. Expecting

students to use their ability to learn by themselves and responding to them accordingly

resulted in students acting in response with the belief that they were capable. Students

expressed success in their ability to find their own answers, commented on their capa-

bilities and confidence to help others, expressed positive feelings towards their learning

and compared information from different authors which made them more curious.

Muhammad comments in his journal:

I benefited from this way of learning because I got to research questions I found

interesting. I got to research (myself) and find the answers to the questions I have

yarned for. It also gives me a sense of accomplishment (I am not bragging).

Ellis, a student who usually required a significant amount of direction to ‘‘stay on track’’

with her task in a traditional teaching context, commented in her Questionnaire:

[‘‘it’’ refers to the intervention]

It helped me because now I know I can do more then a teacher would tell me to do.

Self-awareness

Students articulated an awareness of accessing and applying their own intelligence to

science learning. Students reflected on their growth in their ability to execute their intel-

ligence, the positive learning outcomes of teaching themselves and the freedom of learning.

For example, Nathan comments on his ability to put the pieces of his learning together through

verifying information from different authors. This is reflected in the journal entry below:

I have been successful by still getting more info. The pattern that I’m seeing is that

I’m getting extra detail from every book. I’m putting a puzzle together. This learning

process gives me more courage because every single thought of work is recorded into

this so I know I’ve put a lot of effort. It works for me.

Nathan’s response offer some evidence to support the notion that students’ confidence

and independence grew throughout the inquiry stages as they become aware of their own

intelligence and become more skilled at accessing it as an emancipated learner.

Hamna, in her interview, explains that:

The new way was interesting. Before you just used to teach and we had to write the

answers. The teacher use to give us the information. This way no one is teaching you.

It helped my learning by organizing my thoughts. In 2nd term there was less help

from teacher. We solved more by ourselves and can answer own questions. It

changed my experience by giving me more confidence. I can see a difference in

confidence and work from 1st question to 3rd question.

Students also commented directly on the freedom associated with executing their own

intelligence.

For example, in his interview Muhammad explains:

Traditionally we are given set questions to find set answer. In the new way there are

many different possibilities to do it all by yourself - to find answers to your questions.

Really unique and fun.
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However, three students expressed unease with the freedom associated with exercising

their intellectual ability. In her interview, Andrea expresses her initial difficulty and lack of

confidence to find the ‘‘right answer’’. Her reference to the ‘‘right answer’’ refers to an

answer she perceived the teacher would expect as opposed to an answer based on her

research. I asked Andrea,

T: Was it stressful? [Referring to the learning process]

S: No, not stressful. Having less teacher input a bit hard because didn’t know if it was

the right way to answer the question.

She came to resolve this by using her own ability to critically analyze her answers as an

objective observer to see if it made sense.

She explains,

S: I judged by looking to see if the answer had enough detail. I would go back to the

text to check the information.

T: Was it more work than other way? [Referring to the traditional way of learning]

S: Yes, I did more work but this way of learning science was really fun. We got to do

it on our own with our own explaining.

T: In 1st term how would you know if your answer was correct?

S: I would check the answer against the teacher and teacher’s notes.

Melody exhibited a strong negative affect towards learning science in this context. She

appeared to be especially conflicted about Rancière’s taxonomy of questions, which was

used to help students verify their search.

In her Questionnaire she explains,

This way of science didn’t help me because I felt the same way I would feel if I was

doing science the regular way. Also because the way we did science this way it was

annoying how I always had to repeat my reflections.

In her interview, at the conclusion of the intervention, she provided more insight into

her feelings.

Referring to the learning process she comments:

S: It was different because reflection questions helped me get my own ideas down

instead of trying to get the right answer. You can choose what to include in your

answer. Someone may say my answer is not correct because they would include

different information in their answer. At first they were hard too because I was trying

to get the reflection questions correct. [What teacher expects] I was trying to break

the mold of that thinking. I was scared if not correct. I was still in 1st term thinking.

Andrew was the only other student who expressed a dislike of the learning process. Unlike

Andrea and Melody, who although conflicted, found some value to learning in this context

and gained confidence, Andrew did not express any positive outcomes for his learning.

In his interview he commented:

This way was different. I didn’t really like it because we had to research a lot. As a

class we should have learned different things about space. In science we didn’t get to

anything – we didn’t learn as much because we needed to research different kinds of

things. We spent the entire time researching. Because we came up with our own

questions we didn’t cover range of topics as other classes did as a class.
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I was curious with Andrew’s complaint, which seemed to have two conflicting aspects.

On the one hand he complained of too much research but on the other, he expressed that he

was not exposed to a range of topics.

I ask him,

T: What prevented you from coming up with other questions you had an interest in?

S: I really wanted to concentrate on 1st question. Ran out of time for the others.

[pause] Compared to the beginning of year in 1st term we did lots of projects. In 2nd

term doing research didn’t learn as much – didn’t get to any real topics.

Analysis of Andrew’s answer to his only question did not reveal a commitment to his

‘‘search’’ in that his answer did not reflect the depth or breadth of science understanding

one would expect for the time committed to the question.

In summary, themes emerged pertaining to students’ will to learn and their awareness of

executing their own intelligence. The will or motivation to learn was expressed through stu-

dents’ independent engagement with text, their persistence with text, self-efficacy, and their

positive affect learning science. Studentsdisplayed an awareness of accessing and applying their

own intelligence by commenting and reflecting on their growth in the ability to learn, the benefits

of teaching themselves and the freedom associated with executing their own intelligence.

Discussion

Systems of schooling are based on consensus. When the system assumes intellectual

inequality, the structures of schooling are based on the myth of pedagogy—a world divided

into knowing minds and ignorant ones; inferior intelligence and superior intelligence

(Rancière 1991). In a classroom this may take the form of ordered progression of content

delivery through lessons structured on particular pedagogical practices or teachers keeping

back pieces of learning because students are ‘‘not ready’’ to know (not in the curriculum for

the grade). These structures can produce students that underestimate their abilities, espe-

cially with minoritized students and English language learners.

Rancière’s Intellectual emancipation is relevant to science education when one considers

the following observation on learning in schools. Steve Alsop and G. Michael Bowen (2009)

comment that:

Schooling defines, demarcates and enacts what it means to be knowledgeable as well

as what it means to be ignorant. Social institutions set up the obstacles and barriers

that must be accomplished in moving from weakness to strength, inferiority in the

face of knowledge, and perhaps even more significantly inferiority in the face of

institutions that control knowledge, to their possible domination. This is how science

and students become schooled. It is also how science education becomes a part of the

process of schooling society. (p. 58)

As Bazzul (2013) notes, ‘‘[s]cience education must resist the tendency to think that there

are superior and inferior minds (even though anyone who has studied the sciences will know

all too well that this is quite often generally assumed) and only some are qualified to ‘ex-

plicate’’’ (p. 249). To adopt Rancière’s vision of equality and facilitate students intellectual

power, ‘‘radical equality between science learner and science educator must not just be

assumed epistemologically, it must also manifest itself in the learning situation, so that

explications cannot take the place of students’ learning, thinking, and understanding for

themselves’’ (p. 249).
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To this end, I started my ideological and pedagogical adventure posing three questions.

How might principles of universal teaching and radical equality be applied within a school-

based elementary science program? How do students respond under the assumption of

equality of intelligence in this context? Are cultures of schooling and radical equality

philosophically compatible?

Applying the principles of universal teaching and radical equality to my school-based

elementary science program resulted in a curriculum that emerged from students’ expe-

riences throughout the action research. The goal of the intervention was to act on the basis

of intellectual equality among all learners and the teacher; to not ‘‘teach’’; and to maintain

an environment where students were on their own individual journeys of learning. Other

than the four lessons to set the context for interacting differently, there were no ‘‘lessons’’.

In analyzing how students responded to my intervention, I was compelled to reflect

upon how one assesses the success or the effectiveness of emancipatory teaching. Like

Todd May (2008), I questioned if my engagement in a democratic politics and ambition to

act out the presupposition of equality, resulted in my actions rising to the presupposed level

of equality. Would students do worse than if they were learning in the traditional hierar-

chical arrangement (p. 63)? Feeling the influence of the system of schooling to measure

something, I resisted the urge to somehow quantify the idea of intellectual emancipation.

May (2008) reminds us that equality of intelligence is not a numerical equality. He argues

that ‘‘in addressing this question, we must ask it not from the position of capitalist cal-

culation but from the position of how a meaningful life goes. The question is not, do these

movements make people more productive? It is rather, do these movements make the lives

of the people participating in them better or worse?’’ (p. 63).

I believe that students indicated how this experience provided the opportunity for them

to consider and act upon their learning in such a way to create significance. The data

revealed how learning in this context was valuable and personally significant to them.

Despite student’s perceptions that this learning experience was more work and their

challenges with vocabulary, the students affirmed their motivation to do well and succeed

in their learning. Student responses reflect the multiple and overlapping motivational

pathways that influenced their will to learn. Students’ will to learn science appeared to be

intrinsically motivated and sustained through their persistence, self-efficacy to find their

own answers and positive feelings about learning science based on feelings of accom-

plishment and self-pride. Students also spoke of their awareness of their ability to learn by

themselves by reflecting on the growth in their abilities to execute their intelligence, the

freedom associated with using their intellectual abilities, and the positive learning out-

comes of teaching themselves.

In my study, we had overall positive experiences acting out equality in a democratic

space. Does this positive outcome indicate that cultures of schooling and radical equality

are philosophically compatible? The reality is that democracy, as theorized by Rancière,

cannot be a guiding principle of schooling for the same reason that universal teaching will

not ‘‘take’’ and be established in society (Rancière 1991). Assumptions of inequality form

the basis of social institutions such as school systems, which are predicated upon ideas of

the social order. Teaching for emancipation and democracy is an expression of equality

thereby making both inconsistent with schooling.

Does this mean there is nothing to glean from Rancière’s work as it relates to a practical

application to teaching and learning in schools? I would argue that there is much to be

learned. From Rancière’s insights in the Ignorant Schoolmaster, I was inspired to act out a

demonstration of equality in my classroom by rejecting the classifications of schooling.

Rancière describes the democratic nature of politics as rare, sporadic and with a tendency
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to fade quickly; as such, it must always enter into the scene of inequality (Ruitenberg

2008). Thus, ‘‘the best that can be done at the institutional level of schools and school

systems is not to seek to offer democratic education, but rather to leave a space where

democracy may enter’’ (Ruitenberg 2008, para. 23). She further explains, ‘‘democracy,

when it is enacted, does not enhance or ameliorate schooling but rather intervenes in it and

refuses the inequality inaugurated by schooling’’ (Ruitenberg 2008, para. 19). One way in

which to do this is to teach so that democracy may enter.

Motivated to do this exposed me to the nature of radical equality in action. I learned that

becoming an ignorant schoolmaster carries a tension between completed action and

incomplete action. Rancière asserts that you either teach to stultify or teach to emancipate

which would suggest that you are either emancipated or not (completed action). As a

teacher, you emancipate when you teach so that students apply their own intelligence and

not another’s. However, because one chooses to presuppose intellectual equality does not

mean ontologically it is so. Coming to a place of ignorance (incomplete action) is a vul-

nerable process; there are tensions and ambiguities involved (see Otoide and Alsop 2015).

Oliver Davis (2010) aptly reflects aspects of this process in his comments about the sans-

part (those who do not participate in the police order). He states, ‘‘there must be a period of

particular precariousness during which the sans-part who is acting, or feigning, an equality

unrecognized in the given state of things is vulnerable to being ‘‘found out’’ by the police

order and policed back into place (p. 92). I learned that becoming ignorant requires one to

acknowledge within themselves the phases of ‘‘partial belonging and exclusion and limited

political subjecthood’’ and face the fact that ‘‘the intermediate positions [of the process]

invariably involve a tortuous interplay and infinitesimally fine balance between freedom and

enslavement, between lucid self-knowledge and dreamy self- delusion’’ (Davis 2010, p. 92).

At the same time, I also learned that the practice of politics is not my journey alone. Acting out

equality in my classroom is not just a matter of my students or me asserting personal autonomy,

but rather politics is a matter of community; a community that consists of my students and me

engaged in the ongoing creation of equality by presupposing equality of intelligence and acting

upon that assumption in our learning environment (Rancière 1991, p. 45).

Conclusion

In The Ignorant Schoolmaster, Rancière offered an abstract, decontextualized account of

intellectual emancipation through the story of Jacotot. Decontextualized in the sense that he

did not discuss the intricacies of how Jacotot and his students lived out their classroom

experiences. The work does not easily translate to educational practice or policy because he

does not promote a method for social transformation through the institution of schooling.

As I have presented, my political action was directed at the level of the individual, not at

the institution or educational system; the motivation being to see what can be done when I

chose to declare intellectual equality and act on the presupposition in the context of my

practice. I entered into this inquiry acknowledging the power structures in schooling with

the intent to interrupt these existing power relations in my classroom to create a democratic

space where students learn science. I cannot claim that my change in practice had an effect

on the institution, but I can argue that change occurred in those who participated in the

political act. That is, in redefining of the student–teacher relationship, the non-transmission

of content in the traditional teaching method, the non-differentiation of learning experi-

ences for English language learners, and the decision to assess learning differently resulted

in students awakening to their ability to exercise their own intelligence.

In pursuit of the practice of radical equality: Rancière inspired… 317

123



Based on my pedagogical adventure I believe that Rancière’s views on intellectual equality

in The Ignorant Schoolmaster are still relevant in 21st century science classrooms. Individuals

can assert their intellectual equality through the use of technology which gives anyone with

access entry into a world of infinite information with the opportunity to learn anytime and

anywhere given the will to do so. Online learning communities and MOOCs (Massive Open

Online Courses) for example, are illustrations of the fact that education can happen without

pedagogical instruction or explication and puts learning in the hands of the people. In class-

rooms, there is potentially equal access to information for teacher and students, minimizing

stultifying dependency and challenging the idea of ‘‘expert’’. In 21st century classrooms,

leaving space for democracy to enter and find expression is a matter of will.

This pedagogical adventure may encourage those in the field of science education,

scholarship, and research, to engage with Rancière’s notion of equality and politics through

a different expression and articulation of their commitment to the concepts of equality,

democracy and emancipation.

Appendix
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Abstract In this paper, we explore how Jacques Rancière’s (The ignorant schoolmaster:

five lessons in intellectual emancipation. Stanford University Press, Stanford, 1991)

notions of radical equality and dissensus reveal horizons for activism and sociopolitical

engagement in science education theory, research, and practice. Drawing on Rochelle

Gutiérrez’ (J Res Math Educ 44(1):37–68, 2013a. doi:10.5951/jresematheduc.44.1.0037; J

Urban Math Educ 6(2):7–19, b) ‘‘sociopolitical turn’’ for mathematics education, we

identify how the field of science education can/is turning from more traditional notions of

equity, achievement and access toward issues of systemic oppression, identity and power.

Building on the conversation initiated by Lorraine Otoide who draws from French

philosopher Jacques Rancière to experiment with a pedagogy of radical equality, we posit

that a sociopolitical turn in science education is not only imminent, but necessary to meet

twenty-first century crises.
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Executive summary (Spanish)

Este ensayo explora como las nociones de igualdad radical de Jaques Rancière’s (1991)

revelan horizontes de activismo y compromiso sociopolı́tico dentro de la teorı́a, investigación

y práctica de la ciencia educativa. Desde un análisis de R. Gutierrez’ (2013a, b) ‘‘cambio

sociopolı́tico’’ para la educación matemática, hemos identificado como el campo de la ciencia

educativa puede y está difiriéndose de nociones tradicionales de igualdad, logros y acceso

hacia problemáticas de opresión sistemática, ası́ como opresión de identidad y de poder.

Basado en la conversación iniciada por Lorraine Otoide, con influencia de la filósofa francesa

Jaques Rancière para experimentar una pedagogı́a de igualdad radical, proponemos que el

cambio sociopolı́tico en la ciencia educativa no es solo inminente, sino necesario para

enfrentar la crisis del siglo veintiuno. Argumentamos que la ciencia educativa siempre ha sido

politizada, y que la conceptualización de desacuerdo de Rancière siendo fundamental para la

democracia puede al igual reforzar el desarrollo de agendas politizadas que confronten la

desigualdad social, destrucción ambiental, etc., en el nombre de la igualdad radical, opo-

niendo ası́ actuales agendas politizadas que posicionan la educación STEM como una her-

ramienta neoliberal con el fin de aumentar la competencia global. Nuestro objetivo es

presionar los lı́mites de nuestro propio trabajo para determinar posibles desacuerdos, en el

nombre de la igualdad, de las polı́ticas radicales dentro de la ciencia educativa. Un giro

sociopolı́tico en la ciencia educativa implica elevar el estatus de la polı́tica, el desarrollo de la

conciencia polı́tica, ası́ como un compromiso al activismo. Hemos subrayado como el campo

de la ciencia educativa está dando un ‘‘giro’’ con un mayor enfoque en problemáticas simi-

lares de justicia, utilizando ejemplos de nuestra beca reflejamos como la ciencia educativa

puede ser un sitio de activismo para la igualdad radical. En el ensayo describimos un salón de

preparatoria, adaptado para la enseñanza de la ciencia en el cual el aprendizaje se centra

alrededor de problemáticas locales y globales como los esfuerzos por la justicia ambiental,

desafı́os de la salud pública, problemas de la comunidad cientı́fica, problemas socio-

cientı́ficos, ası́ como un enfoque en las inquietudes locales y globales de los estudiantes.

También exponemos como los movimientos sociopolı́ticos más generales (e.g. Idle No More,

Black Lives Matter) pueden informar sobre los actos de desacuerdo e igualdad radical en la

ciencia educativa. Finalmente, resaltamos preguntas crı́ticas para desafiarnos a nosotros

mismos y al campo de ciencia, impulsándolo a explorar las posibilidades de organización

colectiva y el aumento de conciencia hacia la ciencia y la educación en torno a problemáticas

de opresión y justicia.

I have often wondered why the farthest-out position always feels so right to me; why

extremes, although difficult and sometimes painful to maintain, are always more

comfortable than on a plane running straight down a line in the unruffled middle.

(Audre Lorde 1982, p. 15)

The incorporation of critical theory and political philosophy in a field like science

education comes with many affordances and tensions that are worthwhile to consider. For

us, an agonizing dilemma is the detachment of theory to ‘‘real’’ contexts of marginal-

ization, control, and oppression that occur through schooling and education. While this

may seem obvious, the authors have been debating with each other the use of theory,

especially western thought and philosophy, and the problems posed by its sociocultural and

political location (often white, middle-class, male, and heterosexist) for coming on

12 months. However, a point of agreement we share is in the politicization of science

education for the goals of a community oriented science education that promotes justice;
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and that critical theory and political philosophy can be useful tools in this pursuit. In this

paper we explore some horizons for activism, sociopolitical engagement in science

education with the help of philosopher Jacques Rancière.

This conversation was opened by Lorraine Otoide and her pedagogical experiment with

Rancière’s The Ignorant Schoolmaster (Rancière 1991). Otoide’s experiment in an ele-

mentary science classroom involved having students direct their own learning by first

critically interrogating their ideas about science, teaching, and learning, before choosing

their own topics of inquiry. Students (and their teacher, Otoide) were engaged as teachers

and learners as they explored their research questions through multiple forms of text, while

reflecting upon and sharing their findings with one another. In this article we argue that

Rancière’s notions of radical equality and dissensus can aid sociopolitical work in ‘‘the

field’’ of science education.

One of the strengths of Rancière’s thought is his theorization of radical democracy as

more than the fulfillment of citizenship rights and duties. Discussions of democracy and

science education have generally been missing this subversive element (Weinstein 2012).

Critical scholars in science education are calling for more politicized approaches, as the

major crises of this century, climate change, environmental destruction, growing social

inequalities, and new apartheids, worsen (Žižek 2011). We feel science education must

become a site of contestation in relation to these crises and provide an opportunity for

educational communities to politically engage. In the sections that follow we elucidate

Rancière’s vision for politics and dissensus in the name of radical equality. Like Rancière,

we employ equality as a guiding political principle, and not as an alternative to equity (we

are down with both concepts!) where equality means treating everybody the same

regardless of difference or social location. We can see this political principle operating in

Rancière’s work in at least two ways. First, as Otoide mentions, Rancière posits an equality

of intelligence where all people have the equal ability to offer a unique interpretation,

construction, action, or communication in the world. This view has implications for the

relationship between ‘‘teacher’’ and ‘‘student,’’ taking power away from those that would

hold students captive with their explications in science learning contexts. Under an

equality of intelligences students are more empowered to ‘‘think for themselves,’’ and

teachers are compelled to consider the situated value of student work, disrupting the idea

that there are ‘‘superior and inferior’’ minds (Bazzul 2013). Second, more broadly, equality

functions as a principle where those who have not yet counted equally, what Rancière calls

‘‘the part of no part,’’ come to contest the status quo through disruption and dissensus. That

is, equality functions as the very basis for activism and justice in that claims of/for equality

disrupt the enforcement of an oppressive social order. Our aim is to push the boundaries of

our own work by outlining what potential dissensus, in the name of equality, may mean for

radical politics in science education.

Dissensus, radical equality, and political engagement

Any resistance to the sociopolitical turn is a form of hegemony. (Gutiérrez 2013a,

p. 22)

Rochelle Gutiérrez’s (2013a) development of a sociopolitical turn in mathematics

education can be seen as a guide for what is happening, and must continue to happen, in

science education research. Succinctly, Gutiérrez emphasizes that a sociopolitical turn

seeks to ‘‘foreground the political’’ (p. 4), such that research foregrounds issues of systemic
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oppressions, identity, power and governance over more traditional notions of equity,

achievement and access. Following Gutiérrez, and in the spirit of Rancière’s ideas of

radical equality and dissensus, we propose that increasing attention to issues of oppressive

economic regimes such as neoliberal capitalism, patriarchy, white supremacy, new global

apartheids between ‘‘haves and have nots,’’ and environmental destruction should guide

how we approach a similar turn in science education. We would also argue that this ‘‘turn’’

is imminent, as social forces much larger than the discipline of educational research (e.g.

the exploitation of the commons for the production of capital, police brutality, anti-

blackness, environmental in/justice, etc.) will (should) have a substantial effect on what

teachers, students, and researchers feel is important in education. Therefore, it is becoming

increasingly difficult for the privileged and powerful to maintain the oppressive status quo.

Education as a tool of social reproduction, whereby the ‘‘promises’’ of meritocracy,

neoliberal self-investment and success (at the expense of ‘‘others’’) that are used to

enculturate youth, will no longer continue to function as they have in the past.

We follow Gutiérrez’s double meaning of the word ‘‘turn’’ to mean a ‘‘turning’’ of

typical problems of equity and social justice on their head. Both Gutiérrez and Rancière

provide rationales for critiquing how problems of equity in schooling (e.g. problems of

girls and mathematics and science) have been conceptualized in ways that do not offer a

systematic or political challenge to oppressive/hegemonic forces, institutions, modes of

governance, discourses and ideology, and the cultural politics of education. For Rancière,

the social, who is included, the grounds for inclusion, and how the social world is con-

structed, are the very stakes of the political–or to put in another way, the substrate of

politics and political struggle. A sociopolitical turn foregrounds a political horizon that is

gradually extending and changing to include an increasing number of social struggles,

including the inclusion of racial inequality, struggles of becoming in relation to sex/gender

and sexuality, economic justice, and environmental movements that value non-humans and

even abiotic entities as worthy of equal consideration.

A sociopolitical turn would endeavour to redraw the lines of the social world, including

the forced dichotomy between natural/social, and educational communities, in the name of

equality. As Gutiérrez points out, politicization involves not just what educational research

questions are studied, but the way institutions are organized and for whom; such that the

very stakes of mathematics—and in our case science—are redrawn. Science education is

undergoing a sociopolitical turn that is/will be both similar and different to the one

described for mathematics education. The similarities include centering issues of structural

oppression, power, and identity within culturally responsive, critical, and activist peda-

gogies that address the needs of marginalized students in science education, for example,

in/through curriculum and instruction (Schindel Dimick 2012), teacher education (Ro-

driguez 1998), and professional learning/mentoring (Tolbert 2015).

Where science education as a discipline has yet to venture is in the development of what

Paulo Freire (1970) referred to as conscientização, or the raising of a political con-

sciousness (see also Darder 2015), something that, we provocatively suggest, may be more

common in mathematics education–see also for example the work of Danny Martin (2010),

Marilyn Frankenstein (2015), and Ole Skovsmose (2012). The work of Rancière can give

educators in any field a frame with which to re-approach politics from the principle of

radical equality and dissensus (see Bazzul 2015 for a more in-depth discussion of Ran-

cière’s theory and science education). Politics, for Rancière, is a disruption of what is

given, taken for granted, and sensible in the name of equality. It involves practices of

dissensus where the excluded, supplemental part of a community or polity, what Rancière
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calls ‘‘the part of no part,’’ collides or conflicts with the social order to fight for equal

consideration, or the grounds to be heard equally (Rancière and Corcoran 2010).

For example, Jesse Bazzul recently made the case that the indigenous movement Idle

No More achieved politics in a way that science educators should pay close attention to

(Bazzul 2015). First, it disrupted the status quo, or what Rancière calls the domain of the

sensible, in the name of equality by advocating that indigenous people, their wellbeing,

ability to thrive, and basic rights, be given equal consideration to privileged North

Americans (white, middle class, etc.). Secondly, it fought for the consideration of non-

human, ‘‘nonliving’’ entities as deserving of equal consideration when it comes to resource

development in places like the Alberta Tar Sands. Through acts of dissensus, hunger

strikes, protest, blockades, they and their allies achieved what scientists, and more con-

ventional citizenship activities such as position papers, voting in elections, and ‘‘green

consumerism,’’ could not—the prevention of pipeline projects such as Northern Gateway

pipeline in Alberta and British Columbia. A sociopolitical turn in science education

involves raising the status of politics, the development of a political consciousness, and an

engagement with activism.

A context for (re)centering the sociopolitical in science education

In the 1990’s and early 2000’s, science education arguably took the same cultural and

linguistic turn that swept many disciplines in the social sciences and humanities. Two

‘‘markers’’ of this turn in the United States would probably be Jay Lemke’s (1990)

influential book Talking Science, and 15 years later the establishment of the Cultural

Studies of Science Education Journal. A turn to the sociocultural provided the context for

important research that challenged traditional positivist and scientific realist epistemolo-

gies and establishing science, and science teaching and learning, as a culturally situated set

of activities and practices (e.g. Aikenhead 1996). One result from this turning to the

sociocultural is the attention afforded to issues of how science and science teaching and

learning have been largely situated within ‘‘Masculine,’’ ‘‘White,’’ ‘‘Heterosexist,’’

‘‘Eurocentric,’’ increasingly Middle-Class contexts. Two important pieces that address this

aspect of science are Deboleena Roy’s (2008) ‘‘Asking different questions: Feminist

practices for the natural sciences’’ and Luce Irigaray’s (Irigaray and Bové 1987) ‘‘Is the

Subject of science sexed’’? A ‘‘sociocultural turn’’ has also afforded educational research

that focuses on cultural relevancy and access, and has helped facilitate a cultural shift in

terms of interrogating what counts as science education in pluralistic communities (for

example see Rodriguez 2015 and Aguilar-Valdez, López-Leiva, Roberts-Harris et al.

2013). Continued politicization of what and who counts in science teaching and learning

builds on the cultural and linguistic turn in science education research in ways that

intensify social and political struggles—including those that have yet to be given the

importance that is required.

Politicization of science education research (in the name of equality!) foregrounds:

large structural inequalities such as those related to subjectification and identity examined

through the lenses of race, class, sex/gender, ability, sexuality, etc., a neoliberal, hyper-

capitalist world order that governs life through governmentality and biopower (Pierce

2012); destructive practices that consume the commons (Mueller 2011); and colo-

nialisms/colonizing practices (e.g. the maintenance of white supremacy) that function to

maintain inequalities through clear hegemonies (Harding 2008). Politicized science
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education research supports, and if possible, engages: activist struggles related to indige-

nous rights/knowledges; environmental justice (e.g. Idle No More, Zapatistas, Apache

Stronghold); and racial justice (Blacklivesmatter) (see Grande and Orelus 2014). For

politics to proceed dissensus is necessary as, according to Rancière, the ‘‘domain of sen-

sible’’ or the social order, often does ‘‘include the excluded’’; meaning that issues of

exclusion, inequality, destruction and marginalization are often recognized by oppressive

and/or conservative forces. The difference in taking a more sociopolitical focus is that the

systemic transformation of the social world in the name of equality become the very stakes

of research and practice–for example see Ajay Sharma’s (2012) call to position climate

change as a central goal of science education. ‘‘Dissensual engagement’’ with oppressive

structures, discourses, and material arrangements become central to sociopolitical schol-

arship in science education. For critical educators, dissensus is a matter of course.

It is worth mentioning that most academics, administrators, and many teachers, are

already part of privileged groups, which is why it is incumbent on scholars (definitely Sara

and Jesse), and especially white, straight, middle-class, male, able-bodied, to constantly

‘‘revolutionize’’ ourselves. Taking inspiration here from Marxist philosopher Louis

Althusser (1970), oppressed peoples already understand the materiality of their

marginalization and need access to critical education and resources; the privileged,

‘‘bourgeois’’ (including most academics) have more access to schooling and resources, but

quite often do not share, or by virtue of academic life have become removed from, the

lived experiences of oppressed people. Academics need to continually and actively work to

understand marginalization and oppression (see p. 4, Althusser 1970). While not every-

thing critical educators say and do will be political, acts of dissensus will include: clashing

with/or delegitimizing structures of power from PISA to NARST to state institutions to

corporate partners; breaking down professional/class/racial/sexed-gendered hierarchies

that posit some groups as lesser than others; and the refusal of research paradigms that first

and foremost serve the interests of capital (e.g. the STEM pipeline) and/or limit our

potential to politically engage in community-oriented research and practice. The most

common pushback against a science education that engages activist and/or political

movements is the ‘‘this is not science’’ narrative (as outlined by Schindel Dimick 2012)

among students, teachers, academics, and policymakers who have come to understand

science as an abstract, disengaged set of knowledges and practices. However, we believe

this is changing. And within an emergent sociopolitical turn students and teachers are

beginning to say: ‘‘without social and ecojustice initiatives and community engagement,

this is not the sort of science we recognize as important!’’

Dissensus and radical equality in the science classroom

This leads to another point in our conversations over the past year related to whether

classrooms and schools can be sites of dissensus–or are these types of radical political acts

only achievable through larger social movements. What is compelling about Otoide’s piece

is how she uses Rancière’s ideas about radical equality to inform her own classroom

practice. We think that radical work in science classrooms is often under-acknowledged (or

intentionally under the radar), perhaps given the smaller scale of these acts contrasted with

the larger social movements that have a more visible role in effecting change. We rec-

ognize that radical political acts in schools and science classrooms can be overt but can

also take the form of ‘‘creative insubordination’’ (Gutiérrez 2013b). What does scholarship
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in science education look like if/when social justice and sociopolitical change become

central to theory and practice in science teaching and learning?

Sara Tolbert has been working in a local high school in the southwestern region of the

USA, on a collaborative research project (Community Engagement and Youth Leadership

through Science Education, CEYLSE) in which Sara, the school science teacher, and stu-

dents explore ways that science can be a vehicle for activism, empowerment, and consci-

entização. Sara and the science teacher meet to plan science learning units around

local/global environmental justice struggles, public health challenges, community science

problems, socioscientific issues, as well as the students’ local and global concerns. In the

spring of 2015, for example, students in the integrated science class investigated

(in)equitable access to clean water, coal mining and water contamination in terms of the

disproportionate effects of mining/water contamination on minoritized communities both

locally and globally, and water rights.

After researching the history of trichloroethylene (TCE) contamination in their own

communities, which affected predominantly Mexican–American residents on the low income

south side of the city, students then investigated how coal mining on reservations located in

their state had depleted aquifers on Hopi and Dine’ (Navajo) lands, with little benefit to the

Native American residents living there. As part of this investigation, a Hopi activist came to

speak with the class to share how, after 30 years of activism led by a coalition of Native and

non-Native environmental organizations, the coal mining operation was shut down. He also

shared Hopi traditional knowledge regarding the sacredness of water, and encouraged stu-

dents not to drink water from plastic bottles–which are an insult to the Earth. Following their

investigation of the coal mining case study, Sara and the science teacher organized a field trip

to the reservation, where a highly regarded Hopi leader gave students a tour of the sacred

springs, which had been depleted by the 30 years of coal mining. Students were deeply

impacted by their science learning experiences (see Tolbert and Schindel Dimick in press).

Recognizing the need to engage students in broader networks working for social justice in

science (and beyond), Sara and the science teacher submitted a proposal to the New York

Collective of Radical Educators conference, at which four students in the integrated science

class presented what they learned from the unit on water rights, and were later called on to

present at a local conference for youth involved in ethnic studies projects.

This is only one example of the possibilities for politics in school science. We draw on

this example as a way to illustrate how science classrooms can be sites of politics as

dissensus. In the project described above, the teacher and university researcher (Sara)

refused to be ‘‘policed’’ by standards in science education which try and dictate what is

visible, doable, and thinkable; rather, what drove their curriculum planning sessions were

science-related local/global social justice issues, community partnerships, the potential of a

given topic for youth leadership and activism, as well as the development of critical

consciousness. This is of course not to say that we rejected standards; the school operates

within the state-mandated system of accountability. Rather, we have addressed standards in

ways that support the curriculum topics we, and students, identified. Dissensus in this

example is a refusal to police boundaries on what counts as ‘‘legitimate’’ knowledge about

the natural world and/or what counts as ‘‘science learning.’’ Indigenous knowledge has a

place in this science classroom (e.g. water as sacred) and is never positioned as ‘‘non-

scientific’’ (see Canipe and Tolbert in press). Dissensus also proceeds through the con-

testation of how youth are often positioned as ‘‘disengaged’’ in school, i.e. not motivated to

learn. We point out, however, that all of the students in the integrated science class showed

up at 4 a.m. for the reservation field trip, a 14-h round trip drive completed on the Friday

before spring break!
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While teachers may feel considerably challenged to enact dissensus within the rigid

constraints of current school reforms, our experiences have affirmed that teachers can be

prepared to engage politically with inequitable education policies and practices. Jesse’s

experience of working with secondary teachers in Massachusetts has revealed that teachers

are demanding more community based, collaborative ethical STEM curriculum and ped-

agogy. In Arizona, practicing secondary teachers are enrolling in graduate courses on

equity and social justice in math and science education, one of which Sara recently taught.

Teachers unanimously expressed a strong desire and interest in continuing to learn more

about social justice in math and science education throughout their graduate studies. While

we recognize the restrictive nature of teachers’ working conditions, our experience also

tells us that there are teachers, including science teachers, who are dissatisfied with the

constraints on their practice and professionalism, and are looking for ways to push back—

but they need (our) considerable and ongoing support in these efforts.

Conclusion

Using Otoide’s pedagogical experiment with Rancière as a springboard, we argue that a

‘‘sociopolitical turn’’ in science education is (slowly) emerging through an engagement

with ‘‘collective politics.’’ Rancière’s notion of radical democracy and politics as dissensus

may be useful for critical science educators who wish to take the sociopolitical turn by

foregrounding issues of marginalization, oppression, and political struggle. We conclude

with a few key questions to challenge ourselves and the field:

1. What, exactly, impedes teachers, students, and researchers from foregrounding

political struggles in science education, and how does the community push forward in

this area?

2. What are the possibilities for collective organizing and consciousness raising in/for

science and science education around issues of oppression and justice?

3. How do we effectively weave together small (micro) scale acts of politics, subversion,

dissensus, and/or creative insubordination with/into larger political movement(s) in

science/science education?

We recognize that given the very real constraints that teachers face in the current climate of

‘‘accountability,’’ we must find ways to pool resources, build networks, and cultivate

movements so that science learning communities can become increasingly involved in

politicized issues of science/justice. In essence, we are calling for a re-appropriation of the

‘‘accountability’’ movement, such that we, science educators, researchers, scholars,

teachers, etc., hold ourselves accountable to a more active and politicized engagement, in

both theory and practice, with the issues of justice and science that represent the major

crises of this century.
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Aguilar-Valdez, J. R., LópezLeiva, C. A., Roberts-Harris, D., Torres-Velásquez, D., Lobo, G., & Westby, C.
(2013). Ciencia en Nepantla: the journey of Nepantler@ s in science learning and teaching. Cultural
Studies of Science Education, 8(4), 821–858. doi:10.1007/s11422-013-9512-9.

Aikenhead, G. (1996). Science education: Border crossing into the subculture of science. Studies in Science
Education, 27(1), 1–52. doi:10.1080/03057269608560077.

328 S. Tolbert, J. Bazzul

123

http://dx.doi.org/10.1007/s11422-013-9512-9
http://dx.doi.org/10.1080/03057269608560077


Althusser, L. (1970). Philosophy as a revolutionary weapon. New Left Review, 1(64), 3–11.
Bazzul, J. (2013). Emancipating subjects in science education: taking a lesson from Patti Lather and Jacques

Rancière. Cultural Studies of Science Education, 8(1), 245–251. doi:10.1007/s11422-013-9481-z.
Bazzul, J. (2015). Towards a politicized notion of citizenship for science education: Engaging the social

through dissensus. Canadian Journal of Science, Mathematics and Technology Education, 15(3),
221–233. doi:10.1080/14926156.2015.1051670.

Canipe, M., & Tolbert, S. (in press). Many ways of knowing: A multilogical science lesson on climate
change. The Science Teacher.

Darder, A. (2015). Freire and education. New York: Routledge.
Frankenstein, M. (2015). Which measures count for the public interest? Canadian Journal of Science,

Mathematics and Technology Education, 15(3), 289–314. doi:10.1080/14926156.2015.1070932.
Freire, P. (1970). Pedagogy of the oppressed. New York, NY: Bloomsbury Publishing.
Grande, S., & Orelus, P. (2014). Courageous voices against neocolonial and white supremacy: Sandy

Grande and Pierre Orelus in dialogue. In P. Orelus, C. Mallot, & R. Pacheco (Eds.), Colonized
schooling exposed: Progressive voices for transformative educational and social change (pp. 84–91).
New York: Taylor & Francis.

Gutiérrez, R. (2013a). The sociopolitical turn in mathematics education. Journal for Research in Mathe-
matics Education, 44(1), 37–68. doi:10.5951/jresematheduc.44.1.0037.

Gutiérrez, R. (2013b). Why (urban) mathematics teachers need political knowledge. Journal of Urban
Mathematics Education, 6(2), 7–19.

Harding, S. (2008). Sciences from below: Feminisms, postcolonialities, and modernities. Durham: Duke
University Press.
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Abstract Given reform recommendations emphasizing scientific inquiry and empirical

evidence pointing to the difficulties beginning teachers face in enacting inquiry-based

science, this study explores a well-started beginning elementary teacher’s (Sofia) beliefs

about inquiry-based science and related instructional practices. In order to explore Sofia’s

beliefs and instructional practices, several kinds of data were collected in a period of

9 months: a self-portrait and an accompanying narrative, a personal philosophy assign-

ment, three interviews, three journal entries, ten lesson plans, and ten videotaped classroom

observations. The analysis of these data showed that Sofia’s beliefs and instructional

practices were reform-minded. She articulated contemporary beliefs about scientific

inquiry and how children learn science and was able to translate these beliefs into practice.

Central to Sofia’s beliefs about science teaching were scientific inquiry and engaging

students in investigations with authentic data, with a prevalent emphasis on the role of

evidence in the construction of scientific claims. These findings are important to research

aiming at supporting teachers, especially beginning ones, to embrace reform

recommendations.

Keywords Beginning elementary teachers � Inquiry-based science � Reform
recommendations

Peqi9kgwg H paqot9ra eqcari9a rsgqi9fesai re rt9cvqome1 eirgcg9rei1 cia
ejpaidetsijg9 lesaqqt9lirg rsi1 Utrije91 Epirsg9le1, oi opoi9e1 di9motm e9luarg rsg
la9hgrg le9rx dieqet9mgrg1, jahx91 epi9rg1 jai re eqetmgsija9 etqg9lasa sa opoi9a
jasadeijmt9otm si1 dtrjoki9e1 pot amsilesxpi9fotm oi me9oi ejpaidetsijoi9 dglosijg91
ejpai9detrg1. Barirle9mg rsg lehodokocijg9 pqore9ccirg sg1 leke9sg1 peqi9psxrg1,
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g eqcari9a atsg9 enesa9fei si1 pepoihg9rei1 jai si1 didajsije91 pqajsije91 li9a1
enai9qesg1 ejpaidetsijot9, sg1 Roui9a1, cia sg la9hgrg le9rx dieqet9mgrg1. Re
vqomijg9 peqi9odo emme9a lgmx9m, ei9vam rtkkevhei9 dedole9ma apó poijiki9a lehódxm:
pqorxpijó poqsqai9so jai cqapsg9 eqcari9a, pqorxpijg9 uikoroui9a didarjaki9a1,
sqei1 rtmemset9nei1, sqi9a amarsovarsija9 gleqokócia, de9ja rve9dia lahg9laso1 jai
de9ja bimseorjopgle9ma lahg9lasa. H ama9ktrg sxm dedole9mxm tpodeijmt9ei px1 sóro
oi amsikg9wei1 óro jai oi didajsije91 pqajsije91 sg1 Roui9a1 elpeqiei9vam
vaqajsgqirsija9 pkairixle9ma apó lesaqqthlirsije91 eirgcg9rei1. Rso epi9jemsqo
sxm pepoihg9rexm sg1 Roui9a1 bqirjósam g elpkojg9 sxm lahgsx9m re epirsglomije91
dieqetmg9rei1 le athemsija9 dedole9ma le rjopó sgm ama9pstng epirsglomijx9m
epengcg9rexm jai enacxcg9 rtlpeqarla9sxm. Sa etqg9lasa atsa9 ei9mai rglamsija9
eidija9 cia eqetmgse91 pot arvokot9msai le sgm jasa9qsirg sxm ejpaidetsijx9m jai
he9lasa lesaqqt9hlirg1 rsi1 Utrije91 Epirsg9le1.

Reform recommendations in science education have called for a redesign of learning

environments and emphasized scientific inquiry (National Research Council 2012). Sci-

entific inquiry refers to posing questions, making observations, designing investigations,

collecting information, analyzing and interpreting data, explaining and communicating

findings (National Research Council 1996). The importance of learning science as inquiry

has been illustrated through major reform documents such as 2000 and Beyond in the UK

(Millar and Osborne 1998), the National Declaration for Education 2001 (Australian

College of Education 2001) in Australia and the National Science Education Standards

(National Research Council 2000) in North America. These reform documents emphasize

the active engagement of learners with scientific investigations for purposes of both

establishing and evaluating scientific knowledge claims:

When children or scientists inquire into the natural world they pose questions, they

plan investigations and collect relevant data, they organize and analyze collected

data, think critically and logically about relationships between evidence and expla-

nations; use observational evidence and current scientific knowledge to construct and

evaluate alternative explanations and communicate investigations and explanations

to others. (National Research Council 1996, pp. 122, 145)

A decade later, the National Research Council’s report Taking Science to School (2007)

defined the following four strands of proficiency, for successful science learning:

• Knowing, using, and interpreting scientific explanations of the natural world

• Generating and evaluating scientific evidence and explanations

• Understanding the nature and development of scientific knowledge

• Participating productively in scientific practices and discourse (p. 33)

What becomes obvious in the above is a prevalent emphasis on the construction of

evidence-based explanations, which is at the heart of the account of these reform rec-

ommendations. Many researchers have argued about the benefits of inquiry-based science

approaches for student learning (Schwarz and Gwekwerere 2007). However, a review of

the literature indicates that inquiry-based science practices are challenging, particularly for

beginning science teachers who face a number of constraints and barriers in implementing
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inquiry-based science lessons, which results to a mismatch between their beliefs and their

practices (Davis, Petish and Smithey 2006).

Given reform recommendations emphasizing scientific inquiry and empirical evidence

pointing to the difficulties that beginning teachers have in enacting inquiry-based science, I

aimed to explore a well-started (i.e., exemplary) beginning elementary teacher’s (Sofia—a

pseudonym) beliefs and practices in relation to reform recommendations. This question is

broken down in two sub-questions, around which the findings are presented: (a) What are

Sofia’s beliefs about science teaching? and, (b) How are Sofia’s beliefs about science

teaching put into practice in the context of an inquiry-based science unit?

Inquiry-based practices and competencies

Mark Windschitl (2003) argued that scientific inquiry can take various forms in classrooms

and discussed the notion of inquiry ‘continua’, indexed by the degree of independence

students have in asking and answering questions. In doing so, he described several levels of

science inquiry:

1. Traditional laboratory confirmation experiences providing students with step-by-step

procedures to verify known principles in structured inquiry;

2. Structured inquiry in which the teacher presents a question, lab equipment and

procedures for students to discover an unknown answer;

3. Guided inquiry through which teachers allow students to investigate a prescribed

problem using their own methods of gathering and analyzing data and drawing

conclusions;

4. Student-directed inquiry, in which the teacher presents a topic and lets students

develop their own questions and design their own investigations;

5. Open inquiry through which pupils form their own questions and conduct independent

investigations.

Across this spectrum of inquiry-based practices, different researchers around the world

have conducted studies that provide evidence of the benefits of implementing inquiry-

based approaches (Crawford 2000) with examples of successful enactment of inquiry-

based science (Avraamidou and Zembal-Saul 2010), and describe a number of difficulties

and constraints that both beginning and experienced teachers face in enacting inquiry-

based practices (Davis, Petish and Smithey 2006). A common outcome of existing studies

is that enacting inquiry-based science requires not only sophisticated understandings of

scientific inquiry but also a repertoire of skills and abilities to translate those under-

standings into practice. The question then becomes one of what do beginning teachers need

to know and be able to do in order to enact inquiry-based science?

Alake-Tuenter, Biemans, Tobi, Wals, Oosterheert and Mulder (2012) conducted a

comprehensive review of the literature in order to respond to the following question: What

elements of competencies required by primary school teachers who teach inquiry-based

science are mentioned, discussed and researched in recent literature? The findings of this

study illustrated twenty-two elements that were categorized in three clusters of the com-

petencies underlying capabilities: subject matter knowledge, attitude and pedagogical

content knowledge. These are summarized in the following: teachers’ pedagogical design

capacity, lesson preparation and adaptation of curriculum, teachers’ instructional strate-

gies, facilitating scaffolded inquiry evaluation and assessment, teachers’ knowledge of and
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attitudes towards science teaching and science learners and learning, teachers’ attitudes

towards (the nature of) science, and, themselves as science teachers and professional

development. These clusters illustrate that learning to teach inquiry-based science is no

simple task and involves an array of knowledge, skills and attitudes.

Inquiry-based science

The ways in which teachers’ views, knowledge and beliefs about inquiry are put into

practice has been the focus of a set of studies in the past decade around the world. Chew-

Leng Poon et al. (2012) examined the practice of four teachers in Singapore in order to

describe the actual science inquiry practices that were taking place in their classrooms.

Two teachers who participated in their study were more experienced while the other two

were beginning elementary teachers. In their study the researchers aimed to explore the

pedagogical components and sequences of inquiry science as perceived and enacted by

these four teachers and the ways in which the enactment of inquiry science informs

practice-oriented elements of inquiry teaching. Analysis of videotaped classroom obser-

vations revealed that the participants placed emphasis on the following: (a) preparing

students for investigations, both cognitively and procedurally; (b) iterating pedagogical

components where helping students understand and construct concepts did not follow a

planned linear path but involved continuous monitoring of learning; and, (c) synthesizing

concepts in a consolidation phase. These findings, as the researchers described, underscore

the dialectical relationship between practice-oriented knowledge and theoretical concep-

tions of teaching/learning thereby helping educators better appreciate how teachers adapt

inquiry science for different contexts. In agreement with the above findings, in previous

related work, I have provided evidence that it is possible to come across beginning ele-

mentary teachers that enact reform-based practices and place emphasis on scientific

inquiry. However, as I have argued, supporting the development of teachers’ pedagogical

content knowledge for scientific inquiry is a difficult and complex activity, which requires

the combination and interaction of a variety of learning experiences (Avraamidou and

Zembal-Saul 2010).

Challenges beginning elementary teachers face in enacting inquiry-based
practices

In addition to documenting successful enactment of inquiry-based practices, several other

researchers have studied the difficulties and constraints that teachers face when attempting

to enact such practices. A review of the literature indicates that inquiry-based practices are

challenging, particularly for beginning science teachers who face a number of constraints

and barriers in implementing reform-based lessons (Roehrig and Luft 2004). These barriers

and constraints are mainly associated with a lack of pedagogical content knowledge

(Cochran, DeRuiter and King 1993) and inadequate knowledge of the nature of science

(Brickhouse 1990). This is even more problematic with beginning teachers as research

findings show that they have limited subject matter knowledge (Cochran and Jones 1998),

they struggle to transform and represent science concepts for teaching (Feiman-Nemser

and Parker 1990), they experience a conflict between their personal beliefs about science
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teaching and their practices (van Driel, Beijaard and Verloop 2001), and they follow the

curriculum closely (Loughran 1994).

Other difficulties are associated with the school context and culture. In a study with five

beginning mathematics and science teachers who were graduates of a reform-based teacher

education program, Randy McGinnis, Carolyn Parker and Anna Graeber (2004) showed

that all five teachers were prepared and intended to enact reform in their practices, how-

ever, they experienced constrains that were associated with the school culture which was

unsupportive. Mijung Kim and Aik-Ling Tan (2011) examined the experiences of thirty-

eight third-year university students in a science methods course in Korea in order to

understand the challenges and barriers for them in making decisions about conducting

inquiry-based practical work. The findings of their study showed, as other studies have

done, that prospective teachers were concerned about issues such as lack of science content

knowledge, classroom management, safety issues, motivation, tests, and so on. Moreover,

the findings of this study also showed that pre-service teachers’ personal beliefs about what

science is, the societal expectations of a good science teacher, and their ideas about science

pedagogical values influenced their decision-making processes and shaped their actions.

These studies are important and useful to our understanding of teachers’ beliefs and

practices, particularly in relation to reform recommendations. However, the vast majority

of these studies are situated within the secondary education context leaving a gap in the

literature of elementary science education, which this study aims to address as it is situated

within the elementary education context.

The relationship between beginning teachers’ knowledge, views, beliefs, orientations to

science and science teaching, and understandings about science teaching and how those

find (or not) their way into practice has been at the center of attention of various

researchers (Avraamidou 2013). The study reported in this paper continues research on

beginning elementary teachers’ beliefs about science teaching and how those compare to

classroom practice, as it addresses the challenge of enacting inquiry-based science

(Avraamidou and Zembal-Saul 2005). The idea of this study comes as a response to

Elizabeth Davis et al.’s (2006) argument that ‘‘literature tells us very little about new

teachers’ understandings of inquiry, how they teach inquiry, or what specific challenges

they face in doing so’’ (p. 31).

In this manuscript I use the construct of ‘beliefs’, usually thought of as views, opinions

and principles, to refer to a form of cognition that influences a teacher’s practices (Pajares

1992). As Frank Pajares (1992) argued, all teachers hold beliefs about their work, their

students, their subject matter, and their roles and responsibilities.

In a chapter providing an overview of literature on teachers’ beliefs in science educa-

tion, Carolyn Wallace (2014) summarized a set of assumption about the nature of teacher

beliefs grounded within research over the past three decades:

• Beliefs are far more influential than academic knowledge in framing, analyzing, and

solving problems and making teaching decisions.

• Some beliefs are more strongly held than others, resulting in ‘‘core’’ and ‘‘peripheral’’

beliefs.

• Beliefs do not exist independently of one another, but are arranged in an ecology or an

‘‘internal architecture’’ of systems that have psychological importance to the individual.

• Individuals may have competing belief sets about the same topic.

• When one belief is changed, it is likely to affect other beliefs throughout the system.

• Belief systems occur in ‘‘nests’’ or sets of beliefs that are linked or grouped together.

(pp. 18–19)
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In this study, I use the term ‘beliefs about science teaching’, which includes a set of

beliefs about how children learn science, beliefs about scientific inquiry, and beliefs about

the role of the teacher in science teaching and learning.

Research framework, teacher preparation program and assignments

The design of the study has the characteristics of a descriptive, single case study research

as it examines a phenomenon (i.e., an exemplary beginning elementary teacher’s science

beliefs and practices) through detailed, in-depth analysis of data collected through multiple

sources (i.e., self-portrait, interviews, personal philosophy assignment, classroom obser-

vations, journal entries) over time (Merriam 2009). As appropriate with the case study

paradigm, I served as the main researcher of this study (i.e., collected and analyzed all

data) as I aimed to uncover the characteristics of this unique case. The case was considered

‘intrinsic’ (Stake 2010) because it contradicts existing literature pointing to the challenges

that beginning elementary teachers face (Davis, Petish and Smithey 2006) and presents the

case of an exemplary beginning elementary teacher’s beliefs about science teaching and

practices in relation to reform recommendations about inquiry-based science.

At the time this study was conducted, Sofia was a first-year teacher in a fifth grade at a

rural school and was also enrolled in the master’s program in Science and Mathematics

Education at a private University in Southern Europe, where she graduated a year earlier.

As described elsewhere (Avraamidou 2013) prospective teachers who enroll in the ele-

mentary education program (4 years of studies, two semesters per year) are required to take

three science content courses during the first 3 years of their preparation and an elementary

science methods course in their last year of studies. All science courses are designed by

science educators based on reform recommendations and are offered through the

Department of Education. In the second, third and fourth year of their studies, prospective

teachers enroll for a field experience course where they observe and teach forty lessons.

Following the three content courses, the elementary science methods course, taught by the

researcher, emphasizes scientific inquiry. In this course, prospective teachers engage in

activities associated with learning-to-teach science and the design of science units. In the

context of this course, prospective teachers also design and teach an inquiry-based lesson

to a group of elementary school students who visit the class. In addition to the three science

courses and the methods course, Sofia also took three additional science courses specially

designed for prospective elementary teachers, as she decided to specialize in science.

Similarly with the other science courses, these courses were designed around reform-

recommendations emphasizing scientific inquiry and provided prospective elementary

teachers with many opportunities to experience scientific inquiry. Evidence gathered

through Sofia’s assignments, exams, and classroom observations illustrated that her beliefs

about science teaching were reform-minded, and that she was able to enact inquiry-based

practices. This is, in fact, the main reason that she was selected to participate in the study.

I started collecting data in October (as described in Table 1) and continued until June.

Five months into her first-year of teaching, Sofia was designing a 10-week long inquiry-

based unit on waste management. Waste management was included in the curriculum with

two lessons that emphasized the idea of recycling. Sofia modified the unit completely and

enriched it with various activities around the driving question: Is there a waste manage-

ment problem in your community? Table 1 offers a description of the unit’s main activities

in the 10-week period.
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Who is Sofia?

Sofia was purposefully selected to participate in this study because she exemplifies a

unique characteristic, which makes her an atypical and interesting case: she is a beginning

elementary teacher who enacts reform-based instructional practices. However, Sofia is

typical in terms of age, gender and education: 24 years old female with a background in

elementary education. Based on evidence gathered over 5 years in the context of her

preparation program (i.e., exams, classroom observations, various assignments) and her

graduate program, Sofia can be considered a well-started beginning elementary teacher. By

GPA means and through my observations as her instructor in four courses and as her field-

experience supervisor, I considered Sofia to be a well-started beginning elementary teacher

who had been developing beliefs about science teaching that are in line with reform

recommendations. She graduated with a GPA of 4.0/4.0 from her teacher preparation

program and she chose to specialize in science at the third year of her studies.

Collecting and analyzing data on Sofia’s beliefs about science teaching

In order to explore Sofia’s beliefs about science teaching and her associated instructional

practices several kinds of data were collected in a period of 9 months (October–June): a

self-portrait and an accompanying narrative, a personal philosophy assignment, three

Table 1 Description of the unit main activities

Week Main activity

Week 1 Introduction to the concept of ‘waste’: each student brings in and presents to the class a bag with
their personal waste that they had been saving for a week. Built on this activity, a discussion
follows about kinds of waste

Week 2 Introduction to the concept of ‘waste management’ and a discussion about ‘recycling’ ‘reusing’
and ‘minimizing consumption’ follows. The students work with their personal waste and put
those in three different bags with the tags ‘recycling’ ‘reusing’ ‘waste’

Week 3 The question is posed: is there a waste management at your community?, and Sofia asks the
students to work in their groups to provide an answer to this question based on their existing
knowledge and experiences. She emphasizes that they should provide evidence to support their
claim and provides some examples (e.g., no recycling bins at the community). The students
present their work in posters

Week 4 The students work in their groups to design investigations in order to collect authentic data from
their community to respond to the question posed. Some of their ideas include: take pictures of
the community, conduct interviews with the local authorities about the laws and regulations in
terms of waste management, contact interviews with individuals about their personal habits,
analyze existing related statistical data

Week 5 The students work outdoors in their groups to collect data

Week 6 The students work outdoors in their groups to collect data

Week 7 The students work in the classroom to organize and analyze their data in order to develop an
evidence-based claim

Week 8 The students work in the classroom to prepare a Powerpoint presentation to describe the
processes and findings of their investigations. They are asked to present an evidence-based
claim and propose explanations

Week 9 The students present their findings to the classroom

Week 10 The students work in their groups to prepare an action plan with solutions about reducing and
managing waste at their community
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interviews that lasted for an hour and a half each (See ‘‘Appendix’’ for interview ques-

tions), three journal entries (4–5 pages each), ten lesson plans, and ten classroom obser-

vations (80 min long each). A detailed description of the data sources is offered in Table 2,

in chronological order, with the first one being the self-portrait. The analysis of the data

was grounded within a conceptualization of the essential features of inquiry, as defined by

the National Science Education Standards (2000): (a) engaging in scientifically oriented

questions; (b) giving priority to evidence; (c) formulating explanations from evidence to

address scientifically oriented questions; (d) evaluating explanations in light of alternative

explanations; and, (e) communicating and justifying proposed explanations. The analysis

of the data related to Sofia’s beliefs about science teaching and instructional practices were

based on categorical aggregation and open coding techniques (Creswell 2008). I first

divided the data into two main categories drawn upon the main research question of the

study: (a) characterizing Sofia’s beliefs about science teaching; (b) characterizing Sofia’s

instructional practices. Following that, I used a line-by-line analysis and assigned open

codes to the data, in order to construct sub-categories. In terms of Sofia’s beliefs about

science teaching the following sub-categories were constructed: (a) self-image as a science

teacher; (b) beliefs about scientific inquiry; (c) beliefs about science teaching; and,

(d) beliefs about how children learn science. Table 3 illustrates the parallels in research

questions, data sources and samples of categories and codes.

Table 2 Data sources description

Data source Description Length/duration

Self-portrait Draw your self-portrait, yourself teaching science in the future. In
the accompanying narrative explain your drawing

3 pages

Personal
philosophy
assignment

Describe your philosophy of science teaching and learning, use
examples when necessary to justify your claims about how you
think students learn best science

6 pages

Interview 1 The purpose of the interview was to explore the participant’s
visions of her self as a science teacher as a means for examining
her beliefs about science teaching

1.5 h

Interview 2 The purpose of the interview was to examine the participant’s
thoughts and concerns about teaching science as inquiry, prior to
the enactment of the unit

1.5 h

10 lesson plans Ten lesson plans that defined the unit: waste management 5–10 pages
long each

Journal entry 1 You have now completed the two first lessons of the unit. How did
you think that go? What things worked well? What things you
would do differently?

3 pages

Journal entry 2 You have now completed the six first lessons of the unit. How did
you think that go? What things worked well? What things you
would do differently?

3 pages

10 classroom
observations

Ten classroom observations were conducted with the use of the
Practice of Science Observation Protocol

80-min each

Journal entry 3 You have now completed the six first lessons of the unit. How did
you think that go? What things worked well? What things you
would do differently?

3 pages

Interview 3 The purpose of the interview was to examine the participant’s
reflections on the enactment of the inquiry-based unit

1.5 h
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My role as the researcher

As appropriate with the qualitative research tradition, I served as the main researcher of the

study and was responsible for the data collection, analysis and interpretations. For the last

7 years, I am a faculty member at the Department of Education of the university that

served as one of the contexts of the study, and I consider myself familiar with the culture of

the program, which adds to the trustworthiness of the study. I have known Sofia for the past

5 years as her academic advisor, her instructor in three science content courses and the

methods course, and also her field experience supervisor. Following her undergraduate

studies, Sofia enrolled in the graduate program of the University, and since then I have

Table 3 Parallels in research questions, data sources and coding

Research foci Data sources Categories Codes examples

Sofia’s beliefs
about science
teaching

Personal
philosophy
assignment

Drawing
activity

Interview 1
Interview 2
Journal
entries

Self-image Sofia envisions herself teaching outside the
classroom using inquiry-based approaches

Sofia envisions herself implementing
gender- and race-inclusive practices

Sofia pays attention to the nature of the
learning environment

Sofia pays attention to the nature of her
relationship with her students

Personal
philosophy
assignment

Interview 2
Journal
entries

Beliefs about scientific
inquiry

Scientific inquiry is about engaging students
in data-driven investigations

Scientific inquiry as the main approach for
learning science

Scientific inquiry as the main approach for
learning about the nature of science and
the work of scientists

Use of inquiry-based approaches to support
students’ interest in science

Use of inquiry-based approaches to make
science learning fun

Personal
philosophy
assignment

Interview 2
Journal
entries

Views about science
teaching and how
students learn science

Scientific inquiry
Argumentation
Teaching about evolution theory
The role of women in science
Understandings about scientists and the
nature of their work

Understandings about the nature of science

Interview 2 Concerns about teaching
science as inquiry

Classroom management
Time management
Curriculum constraints

Instructional
practices

Interview 2
Journal
entries 1, 2,
and 3

10 Lesson
plans

10 Classroom
observations

Interview 3

Inquiry-based science Providing students with opportunities to
design their own investigations

Providing students with opportunities to
collect and analyze authentic data

Providing students with opportunities to
communicate the findings of their
investigations
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served as her academic advisor but also as her instructor in two courses. In these years

Sofia and I have developed a very close and friendly relationship, and she feels com-

fortable in talking to me openly about her experiences and concerns.

Establishing trustworthiness

In attempting to establish the trustworthiness of the study, I used triangulation strategies as

proposed by Yvonna Lincoln and Egon Guba (1985) through: (a) collection of data for the

same purpose from various sources; (b) member check from an external researcher and the

participant; (c) thick descriptions of Sofia’s beliefs and instructional practices. For

example, in order to explore Sofia’s beliefs about science teaching and how children learn

science I collected related data through her self-portrait and accompanying narrative, her

personal science teaching philosophy assignment and the first interview. In addition, I

shared the coding scheme and the first round of analysis of all data with an external

researcher (a science educator, part-time faculty at the same university which defined the

context of the study, and with experience in qualitative research), which we discussed and

negotiated until we reached a consensus. I then shared the final analysis of the data and my

interpretations with Sofia, which we discussed and modified until we came to an agree-

ment. In order to enhance the trustworthiness of the study, and to achieve transferability of

the findings, I provided thick descriptions of the context (i.e., design of the unit) and

Sofia’s beliefs and instructional practices.

Sofia’s beliefs about science teaching

In this section I offer my interpretations about Sofia’s developing beliefs for science

teaching through analysis of several kinds of data: self-portrait and accompanied narrative,

interviews, a personal science teaching philosophy assignment, and journal entries.

Self-portrait

In order to examine Sofia’s beliefs about science teaching, I had asked her to prepare her

self-portrait and draw herself teaching science. As illustrated in Fig. 1, she drew herself

working closely with her students in an outdoor setting. In the narrative that accompanied

this drawing, Sofia explained her drawing:

I drew myself teaching a fourth grade classroom with sixteen students at a school in

the old city where many political refugees live. In my class there are six students who

are foreigners, and some of those do not even speak the national language. My

drawing shows my students working in small groups..There are both girls and boys in

these groups as well as locals and foreigners. The students work outside the class-

room, carrying out inquiry-based investigations, at a small park next to the school.

They are asked to examine biodiversity of a specific area. They are asked to collect

data in various forms (i.e., pictures of different kinds of trees, pictures of different

organisms, samples from the ground) and make a poster when back in the classroom

to present the processes and findings of their investigations. (Narrative accompa-

nying self-portrait)
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A few contemporary beliefs about her role as a teacher are central in Sofia’s self-portrait

as a science teacher. First, she envisions herself enacting inquiry-based practices. In

addition, she uses an informal context as a learning environment. Moreover, the way in

which the student groups are formed illustrates her developing beliefs about inclusive

practices, in terms of gender as well as race.

Sofia articulated these beliefs in the first interview I had with her. In that interview I had

asked her to describe how she envisioned herself to be in the future and to explain what

kind of a teacher she wanted to be and why. First, she talked about the relationship she

envisions to have with her students.

I want to be close to my students and I want them to feel comfortable to share their

ideas but also their concerns or problems with me. I want them to look up to me not

only as a teacher but also as an adult friend. (Interview 1)

Moreover, Sofia described the learning environment of her future classroom, emphasizing

informal environments:

I want to create a friendly and fun learning environment. Informal learning envi-

ronments, such as museums and parks, provide wonderful contexts for learn-

ing…they are natural, friendly, exciting and attractive. I want my students to have

fun during learning - you cannot have much fun in the classroom, but if you are out at

a park you can! (Interview 1)

In addition, as Sofia said, she’s hoping that she will serve as a role model for her

students, especially the girls, and support them in developing positive attitudes towards

science.

Fig. 1 Sofia’s self-portrait as a science teacher
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I really hope that I can serve as a role model for them! I know that most students

come to school with negative attitudes or at least no interest in science. I want to

make my students, and especially girls, to like science. I want them to see my own

enthusiasm and passion for science and I hope that I can influence them, the same

way that my (female) instructors at the university influenced me. (Interview 1)

As evidenced in the above quotes, when describing how she envisions herself as a

science teacher, Sofia emphasized scientific inquiry, the use of informal environments, the

relationship with her students, the nature of the learning environment, and serving as a role

model for her students.

Beliefs about scientific inquiry

In order to examine Sofia’s developing beliefs about scientific inquiry I collected infor-

mation through the second interview. In that interview I had asked her to provide a

definition of scientific inquiry and to discuss the advantages of teaching science as inquiry

at the elementary school. In defining scientific inquiry, Sofia stated:

Scientific inquiry is about letting students free to design their own investigations and

collect authentic data of different kinds in order to construct evidence-based

explanations to posed questions…What would be ideal is to have students come up

with their own questions and investigate those, but I do understand this is not very

realistic considering the curriculum! (Interview 2)

It is evident in the above that Sofia was developing sophisticated beliefs about scientific

inquiry as she spoke about evidence and explanation. In this interview, Sofia elaborated on

her beliefs about inquiry-based science and described several advantages that it has to

offer. She first spoke about student engagement and learning science:

In my opinion, the inquiry-based approach has many advantages. The first one is that

it supports students’ learning, as they engage in hands-on activities and it gives them

a sense of responsibility: to solve a problem. This is fun, and can motivate students to

engage in the activities, and hence supports their learning of scientific concepts.

(Interview 2)

Moreover, Sofia spoke about inquiry-based science as a means for supporting students

to develop attitudes toward science:

Another advantage of inquiry-based science is that it has the potential to make

students like science. As we all know, students don’t like science that much, because

they find it difficult to understand or because they have to do lots of writing and they

get bored. But, inquiry-based approaches make science fun! (Interview 2)

Supporting students’ understandings about the nature of science and the work of sci-

entists is another knowledge domain that can be supported through inquiry-based science,

as Sofia explained, in her personal philosophy assignment.

I believe that inquiry-based science can support students to understand the practice of

science, the nature of science and the work of scientists. Because, in some sense,

scientific inquiry models the work of scientists: the collection and analysis of data

and the communication of scientific explanations. Moreover, scientific inquiry por-

trays aspects of the nature of science as well, for example, that it’s a social practice,
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that it relies on evidence, and that theories can change when new evidence is found!

(Personal philosophy assignment)

Summing up the above, it is important to note that Sofia has been developing con-

temporary beliefs about scientific inquiry, which included an emphasis on evidence and

explanation as well as beliefs about the nature of science and the work of scientists.

Beliefs about how children learn science

In this section various quotes from Sofia’s personal teaching philosophy and the first

interview I had with her are used to characterize her beliefs about how children learn

science. The main outcome of the analysis of the data is that Sofia’s beliefs are in line with

reform recommendations, emphasizing scientific inquiry and argumentation as well as

other contemporary aspects of science teaching such as the role of women in science, the

nature of science and the work of scientists, and evolution theory. A content analysis of

Sofia’s personal philosophy assignment illustrated that scientific inquiry featured in it

centrally:

I believe that children learn science best when they engage in inquiry-based scien-

ce…when they get the chance to design their own investigations or experiments in

order to respond to posed questions. What’s unique about scientific inquiry, in my

opinion, is the emphasis on the use of authentic data and the role of evidence when

constructing scientific explanations. (Sofia, personal philosophy)

It becomes clear in the above that Sofia had been developing contemporary beliefs

about scientific inquiry, and that she placed an emphasis on the role of evidence in the

construction of scientific explanations. In line with reform recommendations, Sofia artic-

ulated her beliefs about the importance of engaging students in argumentation:

One approach that is central to my personal science teaching philosophy is argu-

mentation. I believe that when engaging in argumentation, students not only learn

science but they also learn about science…I think argumentation models the practice

of science…after all this is what scientists do, right? So, in a sense, students act like

scientists and they develop an understanding of the nature of the work of scientists.

(Interview 1)

An important aspect of Sofia’s beliefs about science teaching as illustrated in her

personal philosophy assignment as well as in interviews I had with her, was learning

outside the classroom:

Another approach that has an important role in my personal philosophy is learning in

outdoor settings, or learning in informal learning environments such as museums and

science centers. I think this approach is highly motivating for the students because

it’s unique and innovating but it also supports students in understanding the different

forms or kinds of science…the wide range of scientific practices and the different

kinds of works that a scientist could do. For example, a scientist could be studying

fish, snakes or spiders or could be doing more theoretical science at a laboratory.

(Personal philosophy)

What is important to note in the above quote, besides Sofia’s beliefs about the role of

informal learning settings in supporting student learning, are her developing beliefs about

the nature of science and the work of scientists. The work of scientists and social
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stereotypes about scientists came up in the first interview I had with Sofia, where she spoke

about gender inclusive practices:

I am conscious about enacting gender inclusive practices because I know that young

girls generally have negative attitudes towards science, and they think that scientists

are mad people…you know, most girls think that science is not for them and that

science is for boys. I will try to change their views with the use of various strategies

that motivate and encourage girls to participate in the science lessons. I will try to use

my self as an example of a woman who is passionate about science, and hopefully

serve as a role model for them, as my methods course instructor did for me. I will

also try to introduce young women scientists to my students in order to help them

reconstruct their stereotypical views about scientists. (Interview 1)

In addition to these beliefs about scientific inquiry, outdoor-learning and gender-in-

clusive practices, Sofia articulated beliefs about evolution theory. This was surprising

given that the social context in which the study took place is rather conservative in this

sense and no public discussions (in the context of educational reform documents or pro-

fessional development) about these ideas has been made. However, evolution theory was a

topic in an advanced science education course that Sofia enrolled during her preparation.

Ten prospective elementary teachers enrolled in this class and all of them, except Sofia

articulated a disagreement and disbelief towards the theory, because it conflicted with their

religious beliefs and they argued that evolution theory should not be taught in public

schools. Sofia expressed different beliefs as articulated in the first interview I had with her:

I will definitely teach about evolution theory in my own classroom in the future even

though I know that it is not part of the curriculum, and I might even get in trouble for

teaching this subject. I believe that it’s important that students, especially the older

ones, learn about Darwin and his work. For a long time I had a personal conflict

about this because I am religious. I rarely go to church, but I do believe in God…I

need to believe in something I guess. But, I do not think that you have to be an atheist

in order to believe in evolution theory – evolution theory simply illustrates how

species have lived and survived through the years. (Interview 1)

It is interesting to note in this quote that Sofia acknowledges the importance of teaching

evolution theory in school, and she intends not to follow the curriculum and teach a unit

that is not part of it. Summing up the above, Sofia’s beliefs about science teaching indicate

contemporary beliefs about science teaching such as inquiry-based science, argumentation,

learning in informal environments, the practice of science and the work of scientists,

gender-inclusive practices and teaching about evolution theory.

Characterizing Sofia’s teaching practices as classroom-based inquiry

In the context of the graduate course Sofia was enrolled in at the time this study took place,

Sofia designed a 10-week, inquiry-based unit on waste management and taught that in a

fifth-grade elementary classroom. The analysis of the unit as well as Sofia’s classroom

practices showed that the unit was designed based on reform-recommendations and

emphasized scientific inquiry as it provided students with opportunities to collect and

analyze authentic data in order to respond to the question: Is there a waste management
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problem in our community? A general description of the unit’s activities is offered in

Table 2.

In order to characterize Sofia’s instructional practices I observed and videotaped the ten

lessons she taught about waste management. It became evident, through my observations

of Sofia’s instructional practices, that she was able to put in practice her beliefs about

science teaching. She had managed to create a friendly and fun learning-environment, she

was very close to her students, and seemed excited about teaching. The students also

appeared to be excited to be in the classroom and were engaging in the activities with

enthusiasm. During my observations and analysis of the videotaped classroom episodes, I

aimed to examine the degree to which Sofia’s practices were aligned with reform rec-

ommendations, emphasizing scientific inquiry. I hence looked for instances where, for

example, Sofia was providing her students with opportunities to collect and analyze data in

order to serve as evidence for constructing explanations. The analysis of the data illustrated

that to a great degree Sofia’s practices were inquiry-based as she provided students with

opportunities to engage in scientifically oriented questions, in giving priority to evidence in

responding to questions, in formulating evidence-based explanations, and in communi-

cating and justifying their explanations. Below I offer a few vignettes from Sofia’s

classroom that highlight these aspects of her practices.

In the second lesson of her unit, Sofia introduced students to the driving question of the

unit. The question was scientifically oriented, contextualized, motivating, and meaningful

for the students, feasible and answerable in the context of the school classroom and the

community. A classroom vignette reads as follows:

As I am sitting in the back of the room I see the students running excited into the

classroom as the bell rang, some of them have tablet pcs with them and some others

have digital cameras and audio recorders. The following question is written on the

classroom board: Is there a waste management problem in our community? As the

students take their seats Sofia explains that they will work outside the classroom, in

small groups, in order to collect evidence and respond to the posed question. She

says: We will take a tour in our community based on the map that you have in front of

you. Our goal is to record our observations and collect evidence, different kinds of

evidence that will help us respond to this question. What do I mean by evidence? A

student raises his hand and says: Data…data that we will work with to become

evidence. Sofia responds by saying: That’s right. But, we want different kinds of data.

What kinds of data can you think of? Six students raise their hands, one of them says:

Interviews with people, another one says: Photographs, or videos with waste. Sofia

responds: Excellent! (Classroom vignette, lesson 2)

What’s interesting to notice in the above vignette, apart from the scientifically-oriented

question, is how students understood the use of the words ‘evidence’ and ‘data’, which

shows that they were familiar with this kind of discourse. I observed similar discourse, in

the third and fourth lesson where students were outside the classroom engaging in col-

lecting data that would serve as evidence to support their claims about whether there’s a

problem with waste management in their community. In the third lesson of the unit, for

example, a group of students are examining three recycling bins.

Boy1: There are recycling bins here, lets put these on the map?

Girl1: Yes, I will do it. Here (showing a place on the map), right?

Boy1: Yeah, exactly
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Girl1: I am gonna write that these are for: plastic, paper, aluminum, glass and trash.

They are full, and there are so many things outside…that’s evidence right?

Girl2: Yes! That’s there is a problem with waste management. We need more recycling

bins for the community!

Girl1: Great! I am also gonna make a draft drawing of this!

Boy1: Look what’s inside…there’s supposed to be only plastic in this one but there’s all

sort of trash. People don’t know how to use them?

Girl2: Or they just don’t bother? Perhaps it was the only bin that had room for more?

Boy1: Yeah…maybe. That’s more evidence for our claim!

Girl1: Perfect. I’m writing that down

Girl2: Lets take a picture of these bins to show in class?

Boy1: Yeah…take one to show the trash outside the bins!

Girl1: And a picture that shows what’s inside the bins! (Team 4, Lesson 3)

As illustrated in the above conversation, the students were engaging in practices such as

collecting data that would serve as evidence for their claim. It is interesting to see how

these students were thinking about different kinds of evidence (i.e., whether there is a

sufficient number of bins in the community, how people use the recycling bins) and

different ways of representing these data (i.e., descriptive text, drawing, pictures). What’s

also important to notice in this conversation is how the word ‘evidence’ is part of the

students discourse. Similarly, in the ninth lesson of the unit, Sofia prompted the students to

use this kind of discourse when preparing their presentations.

The purpose of your presentation is to communicate to everyone not only your claim

but also the processes of your investigation. What did you do? How did you work?

What kinds of data did you collect? How did you work with that data to construct

evidence? What kinds of evidence did you find that support your claim? It’s also

important to refer to any evidence that does not support your claim. Moreover, make

sure that you come up with some probable explanations as to why there is or there is

not a problem. (Sofia, instructions to students, lesson 9)

As illustrated in this quote, Sofia emphasized the use of evidence to support a claim but

also the use of evidence that does not support a claim, and the construction of explanations.

In analyzing data from the ninth lesson (i.e., classroom observations and Powerpoint

presentations) it became apparent that students were able to construct evidence-based

claims and to formulate possible explanations. A vignette from the last lesson follows:

The students take turns and present in Powerpoint presentations the processes and

findings of their investigations. They describe how they worked during their inves-

tigations. They show the data they had collected to support their claims. They use

words such as ‘data’, ‘evidence’, ‘claim’ and ‘explanations’. Team 1 consists of two

girls and two boys and each takes turns to talk. One of them says: Our claim is that

there is a problem with waste management in our community. We found several

pieces of evidence to support our claim. We took pictures in certain areas of the

community and we found lots of waste thrown at non-designated areas. We took

pictures of what’s inside the recycling bins. We found out that those are not used

correctly. Some of these bins were full and so some items were placed outside the

bins. One explanation that we have about this problem is that the recycling company

does not do a good job with picking up the bins as often as they should, and that’s

why they are full. Another explanation is that many people do not know about
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recycling or reusing of materials. In our interviews with four people we collected

evidence to support this explanation. (Classroom vignette, Lesson 9)

Other groups of students made analogous presentations even though each group had

different kinds of data to share with the classroom. The students also proposed possible

explanations. A quote below from Team 2 illustrates a typical example of how they were

thinking about explanations.

Most of the bins were full…there were many trash items outside them, on the road.

One explanation for this problem is that there are not enough recycling bins for the

community. Moreover, these bins should be placed at the most crowded or busiest

places of the community, for example, the main square, outside the coffee house and

outside the soccer field. We suggest this because we saw a set of recycling bins that

were almost empty, while the rest were all filled. We saw some bins that did not have

the right waste inside. An explanation for this is that people do not use the recycling

bins correctly either because they do not care enough about recycling or because they

do not know. Many old people live in the community that never attended school, so,

perhaps they do not know about the advantages of recycling. (Team 2, Lesson 9)

The above quote shows how students were able to form explanations based on the data

they had collected and also to propose solutions. The other teams of students shared similar

explanations as well.

Organizing and discussing the research findings

Emerging reform-minded beliefs about science teaching

The purpose of this study was to examine a well-started beginning elementary teacher’s

beliefs about science teaching and related instructional practices. As apparent in the

analysis of the data, Sofia’s beliefs can be characterized as reform-minded, as they were in

line with reform recommendations emphasizing scientific inquiry. The findings of the

study showed that Sofia articulated contemporary beliefs about scientific inquiry and

science teaching and was able to translate these beliefs into practice. Central to Sofia’s

beliefs about science teaching and learning was scientific inquiry, and engaging students in

investigations with authentic data with a prevalent emphasis on the role of evidence in the

construction of scientific claims. Sofia’s instructional practices as shown in the data

analysis, were at level 3 of scientific inquiry (Windschitl 2003), as she enacted guided

inquiry in which she allowed students to investigate a prescribed problem using their own

methods of gathering and analyzing data and drawing conclusions. In doing so, Sofia was

able to engage students with an investigation question that was contextualized, motivating

and meaningful for them, in giving priority to evidence in responding to the question, in

formulating explanations from evidence and to propose solutions, and in communicating

and justifying their claims (Forbes, Biggers and Zangori 2013).

Of course, there were limitations to Sofia’s practices (i.e., absence of opportunities for

providing alternative explanations) and her beliefs about science teaching and reform

recommendations were not as sophisticated (i.e., beliefs about the nature of science).

However, there is not doubt that Sofia articulated contemporary beliefs about science

teaching emphasizing science inquiry, and enacted reform-based instructional practices

providing students with opportunities to work with data to respond to a posed question and
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form evidence-based claims. This finding is in agreement with my previous related

research which provides evidence of well-started beginning elementary teachers’ instruc-

tional practices that are in line with reform recommendations and give priority to evidence

in science teaching (Avraamidou and Zembal-Saul 2010). This is important when viewed

in light of existing literature illustrating that elementary teachers’ classroom practices are

not aligned with reform initiatives (Smith and Southerland 2007), that first-year teachers

are not able to implement inquiry-based activities and follow closely the curriculum

(Loughran 1994), and that beginning teachers’ views, knowledge, or understandings are

not in line with their practices (Simmons et al. 1999).

The fact that Sofia’s beliefs and instructional practices were reform-minded contradicts

existing literature stating that beginning elementary teachers face numerous challenges in

embracing and enacting reform recommendations (Davis et al. 2006). Contrary to these

findings, Sofia was self-confident throughout her first-year of teaching and was able to

enact her beliefs and teach science with the use of inquiry-based approaches. A possible

explanation is that Sofia was well trained in her teacher preparation program that

emphasized such reform approaches to science teaching. This will be discussed further in

the last section of the paper alongside implications for future research.

Challenges related to teaching science as inquiry

Despite her contemporary beliefs about scientific inquiry, Sofia articulated some chal-

lenges in enacting inquiry-based science, which were connected to time management and

classroom management issues. These findings are in line with the results of Roehrig and

Luft (2004) study that investigated the constraints that impacted the enactment of inquiry-

based instruction of fourteen beginning teachers. Even though this study was situated

within the secondary education context, the findings are relevant to this discussion, as they

revealed five main constraints that impacted their enactment of inquiry-based instruction:

an understanding of the nature of science and scientific inquiry, content knowledge,

pedagogical content knowledge, teaching beliefs, and concerns about management and

students. Contrary to these findings, Sofia articulated reform-minded beliefs and was able

to enact those. This finding concurs with the findings of Lotter, Harwood and Bonner’s

(2007) study about three high school teachers’ conceptions and use of inquiry-based

instructional strategies. The results of their study showed that the teachers’ conceptions of

science, their students, teaching practices and the purpose of education influenced the

nature and type of inquiry instruction that they enacted in their classrooms.

A related line of research is an examination of teachers’ beliefs in relation to reform-

recommendations. In a study examining three public school elementary teachers’ class-

room practices and beliefs in relation to science education reform in the US, Thomson and

Gregory (2013) revealed their struggles in trying to implement these reforms, as well as

common themes in their conceptions. The participants in this study, similarly with Sofia,

articulated concerns associated with time and problems of pressure to obtain high scores on

state student achievement tests. The participants’ reflections on their views about science

reform and their classroom science practices are similar to those of Sofia’s emphasizing

inquiry-based investigations, illustrating a sense of self-confidence and self-efficacy in

teaching science as inquiry. As Thomson and Gregory (2013) summarized, four themes

were common among the three teachers’ interviews, and those were related to teachers’

science teaching strategies (i.e., hands-on investigations), science teaching efficacy beliefs

(i.e., all participants were confident in their abilities to teach science content), learning
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outcomes (i.e., promote student curiosity, support them in thinking like scientists) and

resources (i.e., time, well-equipped classrooms, science kits).

The significant role of the context

When studying teachers’ instructional practices is important to also examine the contexts

in which those take place. In this study, the elementary school where Sofia was placed and

which defined the context of the study appeared to be supportive. Even though a detailed

evaluation of the context is beyond the scope of the study, evidence gathered through

interviews as well as classroom observations illustrates the significant role of the context in

supporting beginning teachers to enact reform-based practices. The school headmaster, as

Sofia described in her journal entry, was very open to new ideas and gave her permission to

try out this unit and not follow the curriculum. Likewise, the teachers were enthusiastic

about the enactment of this study, and two of them actually helped out in managing the

groups of students when collecting data outside the classroom. This finding is significant

especially when viewed in light of existing literature indicating that the first-year of

teaching is a cultural shock for beginning teachers who face various socialization and

adaptation to the new context issues (Wideen, Mayer-Smith and Moon 1998).

Limitations of the study

A limitation of this study, being situated in a specific context and bounded within a specific

science unit, is that one must be cautious when speculating about classroom-based inquiry

and producing generalizations. One could argue that the specific unit lent itself to inquiry,

given its nature and characteristics (i.e., open-ended). However, the purpose of this study

was not to form generalizations. Rather, the intent was to provide a concrete example of a

beginning elementary teacher’s reform-minded beliefs in practice and to share an image of

how classroom-based inquiry within the elementary school context could look like. The

design of this study could inform future related research with a larger sample and within

different contexts. Moreover, the outcomes of the study, even though not generalizable,

could be transferred to similar contexts. In the section that follows, I discuss in further

detail the contribution of this study to the field of science education alongside implications

for teacher preparation and future research.

Contribution and implications for teacher preparation and future
research

The main contribution of this study is that it provides a concrete example of inquiry-based

science within the elementary school contexts and adds to the case study research on

beginning elementary teachers’ beliefs and instructional practices. This study offers

interpretations about a well-started beginning elementary teacher’s reform-minded beliefs

about science teaching and related instructional practices. These may be useful to teacher

educators as they attempt to support beginning elementary teachers in understanding and

enacting reform recommendations. The findings of this study are also significant in terms

of research, given the scarcity of empirical studies of successful enactment of reform

recommendations within the elementary education context and especially with beginning
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teachers (Luft 2007). Hence, the present study adds to this gap in the literature by offering

a concrete example of an exemplary teacher’s reform-minded beliefs in practice.

The findings of the study have much to contribute to practice, research and teacher

education, as illustrated above. However, this study has probably generated more questions

than answers. Many important questions have risen through the findings of this study.

Perhaps, the most important question that remains unanswered is how Sofia came to be? Or,

how did she come to develop her reform-minded beliefs about science teaching?What kinds

of experiences, actions and interactions throughout her life supported her in developing

reform-minded beliefs about science teaching? Why is Sofia different from the majority of

beginning elementary teachers around the world? What made her a well-started beginning

teacher? What experiences nurtured the development of her beliefs about inquiry-based

science? What contributed to her self-confidence and self-efficacy in teaching science as

inquiry? Answers to the above questions are beyond the scope of this study, however,

answers to these questions remain significant for science education. In a related study,

situated within a similar context, aiming to trace the development of a beginning elementary

teacher’s identity for science teaching, I aimed to address the above questions (Avraamidou

2014). The findings of that study underscored the significant role of teacher education and

university coursework. Likewise, in this study, the fact that Sofia’s beliefs and practices were

reform-minded can probably be attributed to the fact that she was well-prepared to teach

science given that her teacher preparation program emphasized scientific inquiry and pro-

vided her with various opportunities to experience learning science in such ways. Even

though an evaluation of the teacher preparation program does not lie within the purpose of the

study, the findings point to the significance of teacher education programs in supporting

beginning elementary teachers to develop reform-minded beliefs about science teaching.

Reporting on the findings of a study on several iterative cycles of design-based research

aimed at fostering preservice teachers’ understandings of practice through modeling-cen-

tered scientific inquiry, Christina Schwarz (2009) showed that preservice teachers were most

likely to advance their knowledge and practices within a coherent approach that focused on

modeling-centered inquiry and provided opportunities to reform-based instructional

frameworks. Analogous findings have been reported within the secondary education context.

Daniel Capps, Barbara Crawford and Mark Constas (2012) synthesized the literature on

general teacher professional development and specific inquiry-focused professional devel-

opment to identify a set of features of effective inquiry professional development. The

outcomes of their work included the following features: adequate time for teacher learning;

extended support that goes beyond the initial professional development; opportunities to

participate in authentic inquiry experiences; curriculummaterials that are aligned with local,

state, and national standards; opportunities to develop inquiry-based lessons; opportunities to

participate in modeled inquiry experiences; time and support to reflect on one’s experience;

support transferring what was learned into the classrooms; and a focus on teacher content

knowledge. These findings are particularly useful when designing teacher preparation and

teacher professional development programs aiming at addressing reform recommendations.

In closing, this study provides a significant contribution to the field of science education

because: (a) it documents a well-started beginning elementary teacher’s beliefs about

scientific inquiry; and, (b) it offers a concrete image of classroom-based inquiry within the

elementary school context. This study provides descriptions of how reform-minded beliefs

about teaching science are translated into practice in the context of a fifth-grade classroom,

and models how classroom-based inquiry looks like within the elementary school context.

This image of classroom-based inquiry and concrete example of an inquiry-based unit may

be useful to teacher educators as well as practicing teachers, who attempt to enact reform
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recommendations. As Richard Duschl et al. (2007) have suggested, it is important to

provide teachers with models of classroom instruction that incorporate the four strands of

science proficiency in K-8. Given this need, I argue that it might be worthwhile to consider

the production of a series of analogous case studies illustrating inquiry-based instructional

practices within the context of the elementary school classroom, for the purpose of

obtaining a more diverse image of classroom-based inquiry. Such research exists in the

secondary context (e.g., Crawford 2000) however these studies are rare within the ele-

mentary school context. Identifying a variety of images of scientific inquiry within the

elementary school context can reflect the broad range of inquiry-based practices situated in

various contexts and topics. Summing up, the findings of this study are important to

research aiming at supporting elementary teachers, especially beginning ones, to embrace

reform recommendations, as proposed by Luft, Dubois, Nixon and Campbell (2015). The

approach pursued in this study provides a means for developing more thorough knowledge

about beginning elementary teachers’ beliefs and practices in relation to reform recom-

mendations emphasizing scientific inquiry. Other such means ought to be explored in order

to examine how beginning elementary teachers construct beliefs about science teaching

over time and within various contexts.

Appendix

First semi-structured interview protocol

• Tell me about yourself as a teacher of science. How do you envision yourself to be

teaching science?

• How will your classroom look like?

• What kind of approaches will you be using?

• What does your self-portrait show? Provide explanations

• Elaborate on your personal science teaching philosophy. Provide explanations.

• How do you think learn science best?

• What’s your view about reform recommendations emphasizing scientific inquiry?

• What are advantages of the inquiry-based approach to science teaching?

Second semi-structured interview protocol

• Describe your experience as a substitute teacher so far? How is the school culture?

• What are the goals of this unit?

• How does the design of this unit relate to your personal science teaching philosophy?

• Do you feel confident, ready and well-prepared to teach this unit?

• Do you feel confident in teaching this unit using an inquiry-based approach?

• Did you follow the curriculum when designing this unit? If you made modifications

what kinds of modifications did you make?

• Do you have any worries or concerns about enacting this unit?

This semi-structured interview protocol

• How do you rate the overall enactment of the unit? Was it successful or not? Explain.

• Were the goals of the unit met? Provide examples.
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• What in your opinion were the strengths of the unit? Provide examples.

• What in your opinion were the weakenesses of the unit? Provide examples

• What things you would do differently? Explain why.
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Abstract This conceptual paper aims to characterize science teachers’ practical

knowledge utilizing a virtue-based theory of knowledge and the Aristotelian notion of

phronesis/practical wisdom. The article argues that a greater understanding of the con-

cept of phronesis and its relevance to science education would enrich our understandings

of teacher knowledge, its development, and consequently models of teacher education.

Views of teacher knowledge presented in this paper are informed by philosophical lit-

erature that questions normative views of knowledge and argues for a virtue-based

epistemology rather than a belief-based one. The paper first outlines general features of

phronesis/practical wisdom. Later, a virtue-based view of knowledge is described. A

virtue-based view binds knowledge with moral concepts and suggests that knowledge

development is motivated by intellectual virtues such as intellectual sobriety, persever-

ance, fairness, and humility. A virtue-based theory of knowledge gives prominence to the

virtue of phronesis/practical wisdom, whose primary function is to mediate among vir-

tues and theoretical knowledge into a line of action that serves human goods. The role of

phronesis and its relevance to teaching science are explained accordingly. I also discuss

differences among various characterizations of practical knowledge in science education

and a virtue-based characterization. Finally, implications and further questions for tea-

cher education are presented.
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The nature of teaching as a professional practice and the knowledge(s) that inform it

remain a rich area for discussion. This paper hopes to contribute to discussions around

teacher knowledge by presenting a virtue-based view of knowledge built on the Aris-

totelian notion of phronesis or practical wisdom. Earlier understandings of teaching as

‘‘practice’’ tended to adopt models from the natural sciences (Schwandt 2005), with a focus

on theoretical and technical conceptions of teacher knowledge and of formal rationality as

underlying decision-making (Dunne 2005). An alternative conception of teaching is

modeled on the Aristotelian notion of praxis (Schwandt 2005). Praxis is defined as the right

conduct in concrete situations, with action that is meaningful, morally committed, and

value-based: Purviews of praxis are self-formation as well as achieving external goals for

the collective good (Dunne 1993).

Praxis is informed by practical knowledge (Schwandt 2005). Practical knowledge is

further characterized by the Aristotelian notion of phronesis (usually referred to as prac-

tical wisdom). Joseph Dunne (2005) outlined the following features of phronesis as an

action orientating form of knowledge:

its irreducibly experiential nature, its non-confinement to generalized propositional

knowledge, its entanglement (beyond mere knowledge) with character, its need to

embrace the particulars of relevant action-situations within its grasp of universals,

and its ability to engage in the kind of deliberative process that can yield concrete,

context-sensitive judgments (p. 375).

Underscoring the importance of phronesis is especially important in the current envi-

ronment where teachers’ judgment is being marginalized through top-down policies, and

where discussions of teaching are bound with external measurements and evaluations

(Alsop, Bencze and Pedretti 2004). One facet of top-down policies is research focused on

producing explicit, general, and universal knowledge to be ‘given’ to teachers (Schwandt

2005) or to realize the ideal of practitioner-proof practice (Dunne 2005). For example,

many of my students (novice urban teachers in a major US City) are currently asked to

follow scripted curricula, and are reprimanded for altering those to address students’

particular needs.

Phronesis though remains an elusive concept in need of further clarification (Breier and

Ralphs 2009), especially in terms of its relevance and implications to science education.

For one thing, phronesis has been interpreted in various ways in education leading at times

to incompatible implications (Carr 2007). Jana Noel (1999) outlined three interpretations

of phronesis in education: a rationality interpretation, where phronesis is a form of rea-

soning; a situational perception and insight interpretation, where phronesis is a form of

situational understanding or knowledge; and lastly phronesis as cultivation of moral

character, where what one does is inextricably connected with who one is. The various

interpretations entail different contextual and ethical assumptions, with ‘‘tensions between

discussions of phronesis from the perspectives of moral theory, rationality and logic, and

the structure of psychological decision-making.’’ (Noel 1999, p. 273).

Given the inherent complexity of teaching demands and situations, I agree with Noel

when she suggests that phronesis in education requires a combination of different inter-

pretations. Intuitively, we realize that our teaching actions and decisions are manifestations

of what we know and who we are. In science education particularly, an interpretation of

phronesis needs to afford content, reasoning, situational, and character aspects. For

example, Carr (2007) used Aristotelian virtue ethics and phronesis to argue that the cul-

tivation of ‘morally good’ character is not merely helpful in good teaching, but is con-

stitutive of it, especially cultivating virtues such as honesty, justice, patience, and courage.
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Yet, an interpretation of phronesis as cultivation of moral character may not be sufficient in

science education if it remains ‘content-free:’ for example, what does it mean to be

‘courageous’ as a chemistry teacher?

Content, nature of science, sociocultural aspects of science, and pedagogical content

knowledge (PCK) are central themes in science education. In order to situate phronesis

within the aforementioned traditions, it is necessary to further elucidate its meaning and its

potential role in development of scientific knowledge and science teacher education. First,

I outline general features of phronesis utilizing Aristotelian ethics and virtue epistemology.

I then propose a multi-layered role for phronesis in science teaching and discuss differ-

ences among phronesis and characterizations of practical knowledge in science education.

My discussion aims to broaden views of teacher knowledge and not to privilege any one

view, rather I hope to highlight moral dimensions of science teaching practice from the

perspective of virtue epistemology.

Theoretical framework: Aristotelian virtue ethics and virtue epistemology

Phronesis

In the Nicomachean Ethics (Trans. J. Sachs 2002), Aristotle distinguished virtues of

character from intellectual virtues, with intellectual virtues being ‘truth-disclosing’ active

conditions to determine the appropriate mean between excess and deficiency in a virtue

(e.g., what is the appropriate level of courage in a certain situation). Different intellectual

virtues are distinguished based on the different purposes and knowledge they seek

(Eikeland 2006). Episteme or theoretical scientific knowledge concerns things whose first

principles are invariable. On the other hand, phronesis (practical wisdom) and techne (craft

and art) are virtues with which one contemplates things that can be otherwise (please refer

to Table 1 for a summary of differences among phronesis, episteme and techne). Phronesis

Table 1 Differences among phronesis, episteme and techne

Phronesis Episteme Techne

Purview Mediate knowledge and virtues
with an end of ‘‘living well,’’
involves the ability to ‘‘actuate
general knowledge with
relevance, appropriateness, or
sensitivity to context.’’ (Dunne
2005, p. 376)

Produce knowledge of regularities
and patterns allowing for
prediction; it results in general
principles, rules, or theorems

Oriented toward
producing a
design or
something
tangible

Features of
knowledge

Tacit, transmitted through
modeling and narrative

Context dependent
Involves knowledge of

particulars
Perceptual
Value led

Declarative and theoretical,
comprised of warranted
assertion

Context free
Universal
Conceptual
Value free

Comprised of
skills, can be
learned and
forgotten

Context dependent
Involves

knowledge of
particulars

Skill-based
Value free
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is needed to deliberate actions in situations that are variable and context dependent. It is,

according to Aristotle, the intellectual virtue that governs reasoned and capable action with

regards to things that are good or bad for oneself and others. It necessitates knowledge of

particulars as well as universals, ‘‘since it has to do with action and action is concerned

with particulars’’ (Aristotle 2002, p. 109). Phronesis develops with experience by sharp-

ening our perception and understandings.

Aristotle (1976) distinguished phronesis from both episteme (scientific knowledge) and

from techne (art and craft). Episteme produces general principles that can be demonstrated,

however judging the appropriateness of a general principle to a context requires phronesis

(Dunne 2005). For example, episteme produces general principles that can be demonstrated

to others about lines of questioning to extend student thinking and wait time suggested by

research for better engagement. However, with a specific group of students, the teacher

needs to engage phronesis to judge whether the ‘demonstrated’ line of questioning and wait

time is appropriate to sustain a particular groups’ engagement, promote understanding, and

reduce frustration.

As for differences with techne, Aristotle stated that ends for making are different than

those of acting. In ‘making,’ ends are in producing something tangible separate from the

‘making.’ Techne has well-defined end products, and means to achieving them are separate

from the ends. With phronesis, means and ends are interconnected: ‘‘the considerations of

the means is itself a moral consideration and it is this that concretizes the moral rightness

of end’’ (Gadamer 1989, p. 319). For example, with techne, a teacher can train students to

apply scientific algorithms correctly without conceptual understandings, and thus have

them do well on tests requiring low intellectual engagement. The end of having students do

well on tests is reached; means to reach it are not a consideration for techne. However, with

phronesis ends pertain to several ‘goods’ that science teaching needs to serve: e.g., pro-

moting students’ understanding of concepts and appreciation of science, developing their

sense of wonder about the world and understanding role of science in their lives, and

helping them pass tests. Phronesis would be about finding the ‘right’ means to balance the

various ends. Hans-Georg Gadamer (1989) added that techne can be captured in discrete

skills, whereas phronesis is bound with images of how we see ourselves and our notions of

right and wrong (e.g., empathy, open-mindedness, responsibility, fairness etc.). For

example, a teacher can acquire skills in creating diverse assessments, choosing to use them

or not based on the group of students or topic. However, a teacher cannot choose not to be

responsible or fair without this bearing on how she sees herself as a person.

Phronesis seems to characterize important aspects of knowledge needed in good

teaching. As educators we constantly try to act towards ends believed to be ‘good’ for our

students and content, we also try to act in ways consistent with our character. Striving to

realize what is ‘good’ (for others and ourselves) in teaching is in congruence with

knowledge as phronesis. Essentially, phronesis is the ability to act well and reflect on

practice, but goes beyond reflection to encompass growing as a moral practitioner.

Virtue epistemology

Inspired by and going beyond Aristotle’s concept of intellectual virtues, Linda Zagzebski

(1996) proposed a virtue-based theory of knowledge or virtue epistemology:

A virtue-based theory of knowledge aims to bind knowledge with moral concepts:

I define knowledge as cognitive contact with reality arising from … ‘acts of intel-

lectual virtues.’ The theory gives a prominent place to the virtue of phronesis, a
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virtue whose primary function is to mediate between and among the whole range of

moral and intellectual virtues. (Zagzebski 1996, p. xv)

Motivation for knowledge is connected to the development and enactment of intellec-

tual virtues, and so knowledge is intimately connected to moral dimensions of living or

practice. Virtue epistemology is distinguished from mainstream cognitively-based episte-

mology in two main ways. First, virtue epistemology is normative concerning itself with

questions that go beyond how we cognize (e.g., remember, reason, inquire) to questions of

how we ought to cognize and what constitutes good cognition (Turri and Sosa 2013).

Secondly, virtue epistemologists move the locus of evaluation from individual beliefs and

inferences to virtues and cognitive character held by the knower as agent (Zagzebski 1996).

Virtues are defined as enduring acquired excellences of a person that provide motivation to

produce certain desired end or action. Virtues relevant to teaching can be: responsibility,

wholeheartedness, open-mindedness (Dewey 1933).

Virtue epistemologists’ rationale for moving the focus from beliefs to virtues and

understandings resulting from them is as follows: one does not necessarily deserve credit

for believing a certain truth; for example they may not have been exposed to others. By

contrast, you understand or know something only if you deserve credit for arriving at it

through exercising intellectual virtues (Turri and Sosa 2013). A teacher may believe that

‘science is not for everyone’ and that an authoritarian/transfer teaching model is best

simply because this is all she has experienced. However, if a teacher is exposed to different

perspectives on science and science teaching, she would deserve credit for developing

knowledge and skills that promote all students’ meaningful learning, especially when such

knowledge is motivated by intellectual virtues such as responsibility and intellectual

honesty.

Virtue epistemology gives prominence to phronesis as the virtue that mediates among

prior knowledge, virtues, and emotions. A primary function of phronesis is to determine

the virtuous course required in a particular situation and to find an appropriate mean

between excess and deficiency in a virtue. For example with intellectual carefulness: how

much evidence is enough to support a belief? Another example is how empathic should a

teacher be. The question is not to be empathic or not (as two extremes), but what degree is

appropriate considering the student or situation at hand.

Second, phronesis mediates different virtues potentially relevant to a situation, espe-

cially when relevant virtues lead to different courses of thinking or actions. For example, a

physics teacher’s responsibility towards students’ success on standardized tests may call

for ‘‘test prep’’ practices with a strong focus on algorithmic and test-taking skills, whereas

intellectual honesty towards physics call for meaningful inquiries into concepts. A teacher

would engage phronesis to balance intellectual honesty and responsibility for test

achievement to ensure that students develop meaningful understandings and are prepared

for less intellectually based tests. Shirley Pendlebury (1995) described such balancing as

perceptive equilibrium, where neither scientific inquiries are undertaken at the expense of

developing test-taking skills; nor vise versa.

Finally, phronesis serves to coordinate prior knowledge, virtues, and emotions into a

single line of action or line of thought leading up to action. A course of action resulting

from phronesis is not rule-governed, involves indeterminacy, and goes beyond what can be

inferred from available evidence (Gadamer 1989). It is partly so because ‘‘there can be no

anterior certainty concerning what the good life is directed toward as a whole’’ (p. 318). In

teaching particularly, indeterminacy emerges, according to Pendlebury (1995), because

conditions change over time (e.g., with changing policies) and situations can be very
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particular to a specific situation or group of students. Furthermore, emotions in teaching

can themselves be ways of knowing: good teachers cultivate their emotional responses to

serve students and the content. Teaching situations entail many ‘goods’ to be served

through different means; choices among them entails a level of subjectivity based on a

teacher’s perception and emotions about what is important for a particular group and/or

honesty towards a science discipline.

Relevance of phronesis to science education

Practical wisdom and virtue epistemology can be relevant to science education on different

levels: (a) several intellectual virtues such as intellectual open-mindedness and sobriety

can be perceived as underlying science practices and aspects of nature of science;

(b) phronesis, with its perceptual nature and ends for realizing human goods and society’

wellbeing (e.g., healthy being, environmental stewardship, etc.) can help us understand

sociocultural nature of science and augment students’ personal connection to science; and

finally in relation to teaching in general (c) cultivation of intellectual virtues can contribute

to science teachers’ pedagogical growth and consequently their classroom actions.

Nature of science, science content and phronesis

Virtue Epistemology attempts to provide a framework for understanding knowledge

development, where intellectual virtues involve a general motivation for knowledge, for

seeking reliable procedures in attaining knowledge, and the development of specific skills

that enable the acquisition of knowledge (Zagzebski 1996). Intellectual virtues suggested

as relevant for development of scientific knowledge are: impartiality; intellectual sobriety

including careful inquiry and accepting what is warranted by evidence; intellectual

humility; intellectual courage including perseverance, determination and thoroughness;

and fairness in evaluating the arguments of others. The above intellectual virtues can be

seen as underlying science practices (NGSS Lead States 2013) and certain aspects of

nature of science (NOS) outlined by Norm Lederman (1999) and Fouad Abd-El-Khalick

(2012). Next Generation Science Standards focus on science as a set of ‘practices’ as

opposed to skills to stress that scientific inquiry requires coordination both of knowledge

and skill simultaneously. Additionally, practices highlight the role of communication,

critique, and argumentation in science in addition to experimental investigation (NGSS

Lead States 2013). Phronesis can serve to coordinate knowledge and guide conducive

modes of ‘obtaining, evaluating, and communicating information.’ For example, both

intellectual humility and perseverance are important when facing disconfirming evidence

or anomalies: a balance between the two virtues maintains the tentative nature of science

along with constructive communication, argumentation, and evaluation of information.

Excess in humility and deficiency in perseverance may lead to premature abandonment of

ideas, whereas excess in perseverance and lack of humility may lead to dogmatic

attachment to ideas: phronesis would determine appropriate means between excess and

deficiency. Table 2 shows correspondences among aspects of NOS, scientific practices and

intellectual virtues that potentially underlie them.

Even though individuals or groups of scientists may not always realize the above virtues

either due to partiality towards a theory (theory-laden) or due to social or cultural pressures

(e.g., ignoring or fabricating evidence to gain funding or publish), the scientific community
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attempts to cultivate them through intersubjectivity and calls for validation and

replicability.

As science educators, it seems important to cultivate the above virtues ourselves and

model them to students. Ms. Yasmine, a science teacher in Salloum and Abd-El-Khalick

(2010) was adamant that students build and observe models to demonstrate Pascal’s

principle stating that ‘‘it was not ‘nice’ for students’’ to just be told that the formula is so.

She insisted that students observe the results themselves. Ms. Yasmine may not realize a

model contemporary ‘inquiry-based’ teaching approach, but given the highly prevalent

authoritarian, teacher-centered, and test driven approach in Lebanese public schools and

emphasis on rote learning, her practice attempts to realize a level of intellectual sobriety,

which she values. Trying to have students ‘do’ science’ rather than ‘tell’ them about

science’ can be seen as a manifestation of a teachers’ intellectual sobriety. When teachers

adopt careful inquiry in their science teaching (as opposed to more teacher-centered

approaches), they are highlighting for students the empirical nature of science and the

importance of investigation and evidence for knowledge development. Phronesis would

mediate teachers’ intellectual humility, sobriety, and open-mindedness to enable them to

teach science through inquiry, where they would need to give up aspects of their authority

to allow students themselves to inquire and communicate findings.

Moreover, recognizing phronetic aspects of science helps us understand sociocultural

perspectives on science and refute the Myth of ‘The Scientific Method’ [the belief that

‘‘there is a recipe-like stepwise procedure that typifies all scientific practice’’ (Abd-El-

Khalick 2012, p. 357)]. Jay Lemke (2001) proposed understanding science as a very human

activity with interests and theoretical dispositions that are ‘‘very much a part of and not

apart from the dominant cultural and political issues of the day.’’ (p. 298). Such high-

lighting of humanistic dimensions of science goes along recognizing the role of phronesis

in science and how scientific knowledge is used.

From a science education perspective, Myron Atkins (2007) suggested that relevance of

science curricula can be enhanced by underscoring humanistic and phronetic dimensions of

Table 2 Aspects of NOS, scientific practices and corresponding intellectual virtues

Aspect of
NOS

Scientific practices Intellectual virtue

Tentative Asking questions
Engaging in argument from

evidence
Obtaining, evaluating, and

communicating information

Intellectual humility
Intellectual courage/perseverance/determination/

thoroughness
Fairness in evaluating the arguments of others

Empirical Planning and carrying out
investigation

Analyzing and interpreting data

Intellectual sobriety including careful inquiry and
accepting what is warranted by evidence

Intellectual courage/perseverance/determination/
thoroughness

Inferential Engaging in argument from
evidence

Obtaining, evaluating, and
communicating information

Intellectual sobriety including careful inquiry and
accepting what is warranted by evidence

Intellectual courage/perseverance/determination/
thoroughness

Fairness in evaluating the arguments of others

Creative Asking questions
Constructing explanations
Developing and using models

Intellectual courage/perseverance
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science. Particularly significant is highlighting the role of human beings with their

strengths and their frailties in the history of science, as well as the development of key

ideas and theories and emphasizing the role of science in improving the human situation

and tackling social and social justice issues. Another possible value in highlighting

phronetic aspects of scientific knowledge would be in connecting indigenous worldviews

(which typically entail inhabiting and taking action in the world, similar to phronesis) with

scientific knowledge (i.e., episteme or knowing how the world works as a disconnected

knower) (Aikenhead 2008).

Finally, many students, especially students from underrepresented groups, perceive

school science as disconnected from their daily lives (Osborne, Simon and Collins 2003).

Both downplaying sociocultural perspectives on science and an emphasis on teaching

science as bare facts or episteme may contribute to students’ personal disconnect from

science (S. Alsop, personal communication, November 11, 2012). Highlighting phronetic

(in addition to epistemic) aspects of scientific knowledge with the aim of realizing human

and society’s wellbeing can potentially enhance students’ personal connections to science.

Questions in science classrooms would go beyond how things work to include questions on

how scientific understandings contribute to our wellbeing as individuals and society; for

example: ‘‘What does genetics mean in a racialized society?’’, ‘‘how can knowledge of

heavy metals help protect us from risky contaminations?’’ or ‘‘how is scientific knowledge

disseminated and utilized by different groups of people?’’

Phronesis and science teacher knowledge

Phronesis and PCK

Pedagogical content knowledge (PCK) has been a major framework informing concep-

tualizations of science teacher knowledge and remains a generative paradigm raising new

questions about teacher knowledge and development (Abell 2008). Lee Shulman (1986,

1987) conceptualized PCK as a ‘‘particular form of content knowledge that embodies the

aspects of content most germane to its teachability’’ (1986, p. 9). PCK includes knowledge

of what makes specific concepts difficult, and explanations and representations most

powerful in enhancing comprehensibility. Shulman (1987) originally outlined at least four

major sources of teacher knowledge: (a) scholarship in content, (b) material and settings of

the institutionalized educational processes, (c) formal educational research and scholar-

ship, and finally (d) wisdom of practice, which is the ‘‘least codified’’ of other sources.

Wisdom of practice is explained as the ‘‘maxims that guide (or provide rationalizations for)

the practices of able teachers’’ (p. 228). Of the four sources, ‘wisdom of practice’ is the one

most closely related to the Aristotelian notion phronesis (Shulman 2007), even though in

the earlier work it was not framed as such explicitly.

In science education, PCK was originally designated as an aspect of science teachers’

craft knowledge/techne, defined as ‘‘integrated knowledge which represents teachers’

accumulated wisdom with respect to their teaching practice’’ (van Driel, Verloop and de

Vos 1998, p. 674). Recently, Mulhollad and Wallace (2008) stated that even though

definitions of PCK have evolved, PCK epitomizes cognitive or ‘knowledge-base’ aspects

of teacher knowledge. It is conceived as theoretical transferable knowledge or a form of

episteme rather than phronesis or techne. For example, PCK, unlike practical knowledge, is

suggested as enabling teachers to develop transferable expertise adaptive to multiple set-

tings since it is less personal/situated (Schneider and Plasman 2011). I note that the authors
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conceptualized practical knowledge as merely ‘‘knowledge of classrooms and the com-

plexities of teaching’’ (p. 533) without reference to moral dimensions.

Science teacher’s practical knowledge

Shifts from theoretical views of knowledge have been undertaken in science education

(Tobin 1996) and non-theoretical forms of teacher knowledge have emerged as important.

Practical forms of knowledge have been characterized as practical knowledge (van Driel,

Beijaard and Verloop 2001), practical-moral knowledge (Salloum and Abd-El-Khalick

2010), and personal practical theories (Smith and Southerland 2007). Van Driel, Beijaard

and Verloop described practical knowledge as ‘‘the integrated set of knowledge, concep-

tions, beliefs, and values teachers develop in the context of the teaching situation’’ (p. 141).

However, upon examining literature on practical knowledge in science education, I note

that Mulholland and Wallace (2008) and van Driel, Beijaard and Verloop (2001) associated

practical knowledge with craft/techne rather than phronesis. Craft has been broadened to

include reflective practice entailing virtues such as responsibility, open-mindedness, and

wholeheartedness. Craft is important, however, it may not adequately capture teachers’

strong judgments to serve goods of practice, nor does it encompass cultivation of virtues

and character (Carr 2007). I suggest that teachers’ practical knowledge extends beyond

techne and may be better encompassed by phronesis (Salloum 2013).

In science education literature, knowledge as phronesis resembles to a certain extent

Allan Feldman’s (2002) conceptualization of teaching as a way of being, and Mulholland

and Wallace’s (2008) metaphor of teaching as complexity. Feldman suggested ‘teaching as

being’ as a more holistic framework for teaching compared to knowledge-base, practical

reasoning, and social constructivist models. He maintained that the above models assume a

direct linkage between cognition and action and separation of mind, body, and the world.

Teaching as being rejects such separation, where teachers exist as meaning makers

immersed in educational situations composed of ‘‘weblike connections between and among

what was and what is, out of which we project ourselves into the future’’ (p. 1039).

Understanding is developed through meaning making related to that being-in-the-world

and through a shared, social background that is the foundation for intentional human

activity. According to Feldman, understanding is neither explicit (like episteme) nor tacit

knowledge (like phronesis and techne).

Knowledge as phronesis, unlike Feldman’s conceptualization, is simultaneously a way

of being and a form of knowledge and understanding without clear separations (T. Sch-

wandt 2008, personal communication). As a virtue, phronesis is enduring to ones character

and being; at the same time phronesis is a form of understanding that mediates motivation

for knowledge, skill development, and action. Accordingly, phronesis mediates other

virtues leading to enhanced knowledge and understandings of content, students and con-

text. The following intellectual virtues are suggested as relevant to teaching (not a com-

prehensive list): responsibility, wholeheartedness, open-mindedness (Dewey 1933); wide-

ranging inquiry and reflection on potential of such inquiry for the development of oneself

and students (Carr 2007); the social virtues of being communicative and candid (Zagbeski

1996); and intellectual honesty (attempting to represent a discipline authentically) (Ball

1993). I add empathy, fairness and striving for equity. The above intellectual virtues are

simultaneously character traits (being) and can motivate a teacher to build knowledge and

develop new skills to improve practices. For example, a chemistry teacher’s intellectual

responsibility for students’ meaningful learning would motivate a careful inquiry into

students’ difficulties in understanding abstract topics, and into developing multiple

The place of practical wisdom in science education: what can… 363

123



representations of concepts to insure access points for all students (building aspects of her

PCK).

I use an example from work with my students (Salloum, Jennings, Arrabito, Schmidt,

McCall, Frederick, Cross and Benn-Scantlebury 2010) to show how open-mindedness,

along with empathy, can motivate a science teacher to expand her knowledge of content,

learn ways to validate students’ ideas, and teach them how to build arguments based on

evidence. Gizelle (pseudonym) is a high school science and special education teacher in an

urban school. She conducted a teacher inquiry on how to engage students, especially

students with special needs, in inquiry-based science. Her inquiry was not only driven by

her valuing of careful inquiry as ways of knowing, but also a desire to learn about students’

personal meanings of ‘inquiry.’ When teaching about the endocrine system, she took active

steps to learn about students’ experiences and interests, and enhanced her knowledge of the

subject matter. With students’ input, she developed an inquiry unit on the ‘‘science of

falling in love.’’ Students were encouraged to develop their own meanings and definitions

of ‘love’ and discuss them. They also explored physiological aspects of emotion by reading

scientific articles and seeing documentaries on interactions of hormones and emotions.

Students critiqued articles and suggested experimental designs for further explorations.

They posed questions about love and explored how some questions can be investigated in

ways similar to the articles and how some questions cannot. Students presented and

defended their stances and designs. Gizelle continually learned from students’ responses

and enhanced her skill in facilitating presentations and discussions. Gizelle’s practical

wisdom on what is ‘good’ for all students mediated virtues such as open mindedness,

careful inquiry and empathy helping her develop new competencies to further students’

learning.

Implications for teacher education: apprenticeship, mentoring, and inquiry

Phronesis requires experience and its mode of transmission is indirect ‘‘through narrative,

modeling and experience, both verbally and non-verbally.’’ (Breier and Ralphs 2009,

p. 485). We cultivate Phronesis by interacting with individuals who possess and exercise it,

and by attempting to exercise it ourselves and critically reflecting on our thinking, per-

ceptions, emotions and ensuing consequences. When teacher knowledge is conceptualized

as only episteme, new teachers are given explicit, general, and universal knowledge to

apply in teaching situations. On the other hand with phronesis, theory and practice are

interconnected and formulated and reformulated in relation to each other through a critical

reflective process.

One way of cultivating phronesis in teacher education would be to immerse teaching

candidates from the outset in complex teaching situations through well-planned appren-

ticeships, working collaboratively with teacher educators and mentor teachers: observing,

co-planning and co-teaching (Tobin and Roth 2005), and critically and collaboratively

reflecting on perceptions and actions (Korthagen, Loughran and Russel 2006). Appren-

ticeships can provide candidates with rich and safe contexts to observe intricacies of

teaching and ways mentors engage their practical wisdom to serve students and content.

Rich apprenticeships offer teaching candidates chances to gradually take on more teaching

responsibilities that help them understand demands of teaching. Safe apprentices start with

low risk tasks and decisions to look back on and learn from [e.g., legitimate peripheral

participation (Lave and Wenger 2002)].

Moreover, Stephen Kemmis (2010) suggested that ‘‘Action research can help us learn

phronesis, the disposition to live wisely and well, by facilitating our reflection on our
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individual and collective praxis.’’ (p. 422). According to Aristotle, we become more fair or

courageous by doing fair and courageous acts. Teacher inquiry can help candidates engage

in and understand virtuous acts conducive to good and equitable teaching, ultimately

cultivating their practical wisdom and virtues that will hopefully inform their practice.

Disciplined documentation and critical reflection can help teachers see science and

teaching situations from students’ perspectives and enhance their awareness of precon-

ceptions and biases, where teachers better understand interactions among virtues and

theoretical knowledge (e.g., science and pedagogical content knowledge).

In the teacher inquiry courses I teach, candidates generate and conduct analyses of

various forms of data: classroom observations and talk and students’ work (graphic and

written). They describe data in non-judgmental language first (e.g., students’ ideas and

concrete events). Afterwards they interpret and analyze data. Candidates also critically

reflect as a group to understand and question judgments, decisions, perceptions, and

interpretations. For example, they examine how concepts were presented, relevance and

appropriateness of materials and assessments, and how students’ needs were addressed.

Most candidates find classroom talk analysis and graphic-based work to be particularly

eye-opening about students’ thinking and understandings of topics, thus becoming better

attuned to students’ needs. As important, they develop better understanding of science

concepts and demands of different levels of learning within a concept (e.g., conceptual,

relevance to life, and algorithms and convention).

Concluding thoughts

Finally, ‘‘a knowledge base for teaching is neither fixed nor final’’ (Shulman 1987, p. 232).

The view presented here is not meant to be privileged or replace other views, but to enrich

our understandings of the complexity of science teacher knowledge and practice and the

central role of teacher judgment. Phronesis and virtue epistemology can provide a

framework for understanding the moral dimension of science teachers’ knowledge and

their intimate relation to content knowledge and pedagogical knowledge.
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Abstract Spatial visualization is a well-established topic of education research that has

allowed improving science and engineering students’ skills on spatial relations. Connections

have been established between visualization as a comprehension tool and instruction in

several scientific fields. Learning about dynamic processes mainly relies upon static spatial

representations or images. Visualization of time is inherently problematic because time can

be conceptualized in terms of two opposite conceptual metaphors based on spatial relations

as inferred from conventional linguistic patterns. The situation is particularly demanding

when time-varying signals are recorded using displaying electronic instruments, and the

image should be properly interpreted. This work deals with the interplay between linguistic

metaphors, visual thinking and scientific instrument mediation in the process of interpreting

time-varying signals displayed by electronic instruments. The analysis draws on a simplified

version of a communication system as example of practical signal recording and image

visualization in a physics and engineering laboratory experience. Instrumentation delivers

meaningful signal representations because it is designed to incorporate a specific and cul-

turally favored time view. It is suggested that difficulties in interpreting time-varying signals

are linked with the existing dual perception of conflicting time metaphors. The activation of

specific space–time conceptual mapping might allow for a proper signal interpretation.

Instruments play then a central role as visualization mediators by yielding an image that

matches specific perception abilities and practical purposes. Here I have identified two ways

of understanding time as used in different trajectories through which students are located.

Interestingly specific displaying instruments belonging to different cultural traditions

incorporate contrasting time views. One of them sees time in terms of a dynamic metaphor

consisting of a static observer looking at passing events. This is a general and widespread

practice common in the contemporary mass culture, which lies behind the process of making
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sense to moving images usually visualized by means of movie shots. In contrast scientific

culture favored another way of time conceptualization (static time metaphor) that historically

fostered the construction of graphs and the incorporation of time-dependent functions, as

represented on the Cartesian plane, into displaying instruments. Both types of cultures,

scientific and mass, are considered highly technological in the sense that complex instru-

ments, apparatus or machines participate in their visual practices.

Keywords Visualization � Conceptual metaphor � Instrument-mediation � Time-varying

signal

La visualització espacial és un tema d’investigació educativa ben establert que ha permès

millorar les habilitats dels estudiants de ciència i d’enginyeria pel que fa a les relacions

espacials. En diversos camps cientı́fics hi ha una connexió directa entre la visualització

com una eina de comprensió i la instrucció. L’aprenentatge de processos dinàmics es basa

principalment en representacions o imatges espacials de caràcter estàtic. Tanmateix, la

visualització del temps és inherentment problemàtica perquè el temps pot ser conceptu-

alitzat en relació amb dues metàfores conceptuals oposades que es basen en relacions

espacials, tal com s’infereix de patrons lingüı́stics convencionals. La situació és particu-

larment exigent quan senyals variables amb el temps es registren utilitzant els instruments

electrònics, i la imatge ha de ser interpretada correctament.

Aquest treball tracta sobre la interacció entre les metàfores lingüı́stiques, el pensament

visual i la mediació d’instruments cientı́fics en el procés d’interpretació de senyals vari-

ables amb el temps que es registren amb aparells electrònics. L’anàlisi es basa en una

versió simplificada d’un sistema de comunicació com a exemple pràctic d’enregistrament

del senyal i la visualització d’imatges en una classe experimental de laboratori de fı́sica i

d’enginyeria. La instrumentació ofereix representacions del senyal significatives perquè és

dissenyada per incorporar una visió especı́fica i culturalment afavorida del concepte de

temps. Es suggereix que les dificultats en la interpretació dels senyals variables amb el

temps estan vinculades amb la doble percepció conflictiva que existeix de metàfores

temporals. L’activació d’un mapatge especı́fic de la relació espai-temps permet una

interpretació correcta del senyal. Els instruments juguen llavors un paper central en la

visualització com a mediadors, en proporcionar una imatge que connecta capacitats

humanes de percepció especı́fiques i propòsits pràctics.

A partir d’anàlisis antropològiques i lingüı́stiques s’identifiquen dues formes d’entendre

el temps, amb caracterı́stiques bé estàtiques bé dinàmiques, que s’utilitzen en diferents

situacions i pràctiques dels estudiants. S’observa que hi ha instruments de visualització

especı́fics pertanyents a diferents tradicions culturals i que incorporen punts de vista

oposats del temps. Un d’ells veu el temps a través d’una metàfora dinàmica que consisteix

en un observador estàtic mirant passar els esdeveniments. Aquesta visió és una pràctica

generalitzada, comuna en la cultura de masses contemporània, que es troba darrere del

procés de donar sentit a les imatges en moviment produı̈des per la successió de fotogrames

en les pel�lı́cules. Per contra la cultura cientı́fica va afavorir una altra forma de concep-

tualització de temps (amb una metàfora estàtica) que històricament va fomentar la con-

strucció de gràfics i la incorporació en instruments electrònics de funcions dependents del

temps representades en el pla cartesià. Tots dos tipus de cultures, cientı́fica i de masses, es

consideren altament tecnològiques en el sentit que instruments complexos, aparells o

màquines participen en les seues pràctiques visuals.
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In recent years there has been much interest in determining the role of visualization in

science and technology instruction and how it improves students’ technical reasoning

(Gilbert 2007b; Gilbert, Reiner and Nakhleh 2008). Visualization is understood either in

terms of physical objects as pictures, illustrations, schematic diagrams, and drawings

commonly used in instruction (Phillips, Norris and Macnab 2010), or as mental images

visualized by the students’ mind. The previous twofold meaning is interconnected by the

cognitive activity that maps objects and mental images (Gilbert 2007a), and highlights the

interplay between internal models and external structures (Rapp and Kurby 2008). These

studies revealed that visualization lies behind creative reasoning and thinking, and allows

for a productive interpretation, manipulation, and transformation of spatial perceptions by

the mind. It is recognized that students more easily engage in the construction of mental

models of particular scientific issues through visualizations. The increasing, widespread

use of computer-generated interactive images facilitates rapid hypothesis testing, devel-

opment of inferences, and prospective checking (Rapp 2007). It is obvious that visual-

ization highlights space as a central component, and in consequence refining perception

skills of spatial relations was identified as a primary concern of technical training (Contero,

Naya, Company, Saorı́n and Conesa 2005). In the particular case of mathematical thinking,

visual perception has been regarded as a central component of reasoning processes, not

only for the obvious case of geometry but even for arithmetic and calculus. Education

research projects on mathematics are particularly interesting because they emphasize shape

perception as a reliable mechanism capable of capturing proper knowledge (Giaquinto

2007). Also learning of chemistry topics is recognized to be enhanced by using interactive

planar 3D molecular models which allow students to easily build mental representations

(Wu and Shah 2004).

As teachers of physics and engineering, we largely rely upon visual presentations of

subject matter concepts during the instruction. Students usually show good responses when

they are encouraged to use visual thinking for basic analysis of mathematical functions in

addition to formal calculations. However, there are occasions in which the instruction

seems more demanding: particularly those in which dynamic concepts such as movement,

displacement or time are discussed. Establishing the proper way to convey information

about evolution or progress in scientific structures and models is not a simple task. Some

authors pointed out that the congruent choice of using animated schemas or diagrams (as in

a movie) does not produce the expected successful learning outcomes (Tversky, Morrison

and Betrancourt 2002). That study concluded that progress or change is better understood

relaying upon static, or a sequence of static, pictures, rather than by looking at a repre-

sentation of the moving phenomenon. However, other educators asserted that a dynamic

representation of a dynamic phenomenon is more authentic and should increase student

comprehension and conceptual understanding (McKagan, Perkins, Dubson, Malley, Reid,

LeMaster and Wieman 2008). By contrast it has been recognized that the mere use of

dynamical visualizations does not assure fruitful learning (Lowe and Schnotz 2007). In

some cases the students’ cognitive capacities become overload by the continuous changes

in the visual display (Bell, Juersivich, Hammond and Bell 2012). Experienced teachers

know about the advantages and disadvantages of a given visually-dynamic education tool

based on computer simulations.

Time as a concept is involved in almost every science lecture. In many practical situ-

ations (in laboratory undergraduate introductory courses for instance) students elaborate on

images related to dynamic processes making use of recording instruments, that is any kind

of apparatus incorporating a data acquisition system. Recording instruments were devel-

oped to provide still images of changing signals, in good accordance with Barbara
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Tversky’s experimental evidence that static pictures better activate reasoning and inter-

pretation (Tversky, Morrison and Betrancourt 2002). As we will see latter the static

characteristic of the displayed images is linked with a key feature of any scientific

instrument: the faculty of making measurements. We refine here our definition by naming

‘displaying electronic instruments’ a special case of recording instruments able to provide

graphs as readable outcomes. These graphs belong to the kind of representations com-

monly used in the scientific texts (the representation of two variables on a Cartesian plane),

and form the basis for the implementation of measurements (Roth, Pozzer-Ardenghi and

Han 2005). Our work asserts that displaying instruments were designed to embody per-

ceptual human requirements in order to visually facilitate the interpretation of dynamic

processes for measuring purposes. We elaborate here on an example of this general

statement by confronting conventional ideas about time with the visualization and inter-

pretation of simple time-varying signals when displaying electronic instrumentation is

used.

Although the general term visualization can be understood diversely, I want to

emphasize here the way physical drawings and images connect to mental views. In the

simplest cases the spatial structure of the image can be rather straightforwardly interpreted,

but in many other important situations images are produced or built by instruments devoted

to specific purposes. Here visualization is a process in which several actors intervene.

There is obviously the observer and her/his abilities and skills, but also de instrument that

delivers the image. Clearly the displaying instrument not only builds images, it is effec-

tively constructed by engineers and designers that select what the instrument should show

and should hide. In addition all these actors work within specific cultural traditions fol-

lowing particular practices. So that I am of the opinion that visualization, particularly its

manifestation in a technological environment, is always a culturally-driven, multifaceted

process oriented and mediated by instruments.

Displaying instruments embody visual traditions and linguistic metaphors

Dual coding theory (Clark and Paivio 1991) assumes that there are two cognitive sub-

systems, one specialized for the representation and processing of nonverbal objects, and

the other specialized for dealing with language. In some cases both subsystems activate

mutually in such a way that the combination of linguistic information and visual infor-

mation provides dual support for learning and knowledge acquisition. Such dual activation

is obvious in the specific case of pure spatial relations: a certain size naturally matches a

visual segment. But it is known that common reasoning is highly metaphorical and this

allows for mapping separate concept domains such as time and space (Lakoff and Johnson

1980). Therefore in the verbal side, time is mainly conceived in natural languages using

spatial terms (Boroditsky 2000). This is also the case in the visual side. As known one can

easily interpret time plots relying on a spatial metaphor, in which time corresponds to the

independent variable of the Cartesian plane. Thanks to these space–time metaphors one is

able to ‘see’ time as if it were a spatial dimension. As next explained we will use linguistic

approaches as a gate through which introduce students into the existing dual and con-

flicting conceptualization of time. This duality expresses itself in the mental imagination

allowing for the interpretation of visual displays.

When instruments for signal recording are called into scene during a laboratory practice,

usual perception often fails in interpreting drawn signals. Here some sort of perceptual
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recognition needs to be built prior to proper signal interpretation. This visualization

refinement might be achieved by activating specific space–time metaphors (Lakoff and

Johnson 1999). As we shall attempt to show, the construction of a refinement of that kind

in the visualization of instrumentation-mediated time-varying signals also relies upon

conventional, although less straightforward, time ideas. Because time in science is a

ground-level magnitude in the definition of every system and is involved in basic

approaches, it would be interesting to explore how time is used in everyday talk and in

terms of what ideas are conceived in ordinary language (Boroditsky 2000).

We elaborate later on the relationship between outside and inside (with respect to the

education institution) knowledge environments. Here it is proposed that specific linguistic

time metaphors are incorporated into particular displaying instruments. Whereas scientific

instrumentation usually delivers static images in accordance with their superior capacity

for reasoning activation and measuring, other representation instruments such as those

devised to display movies in modern cinema largely relies upon dynamic images. As we

later see specific cultural traditions favor then particular time views. In any case, it should

be recognized that time is evidently an elusive concept as anthropological studies had

pointed out (Munn 1992). Anthropology revealed in many works how time and space are

intimately intricate dimensions that cannot be disentangled [see for instance (Granet

1968)]. Considering this general statement we will follow here the metaphorical mapping

proposed by George Lakoff and Mark Johnson that allows conceiving time in terms of

spatial relations.

A laboratory instructional situation makes up the framework for this study. Students

usually have trouble in understanding what occurs when they switch on a common labo-

ratory instrument: the oscilloscope (Dias Pereira 2006) and a signal appears on the screen.

The oscilloscope is a general-purpose electrical instrument devised to record in a simple

way the time-evolution of signals. In connection to sensors which converts physical

magnitudes into time-varying voltages, oscilloscopes are absolutely necessary to observe

the change of any physical phenomenon. This explains why one can find them in any

educational laboratory of physics and engineering. The instrument is provided with a

screen on which a voltage (signal) is displayed as a function of time (Fig. 1). The signal

representation on the instrument screen forms a sort of Cartesian plane (x–y plane).

Oscilloscopes belong to a wide family of instruments and apparatus of common use in

electronics. Most of these instruments (frequency analyzers, impedance meters, and net-

work analyzers) deliver a processed outcome that largely departs from the original signal

captured by the acquisition system. On the contrary oscilloscopes are used to display time-

varying signals introducing as minor as possible modifications into the signal shape. The

oscilloscope intends to provide a representational replica of a dynamic variable. Apart

from oscilloscopes constructed for professional purposes, there exist education and training

versions specially designed for engineering and physics laboratory courses. In any case the

basic working principles are shared by professional and training versions (Dias Pereira

2006).

It should be noted that learning about the use of oscilloscopes is largely a practical

task. The proper way of understanding how oscilloscopes really function is by com-

paring displayed images with a variety of known input signals in different situations.

More importantly, confronting outcomes of instruments controlled by different students

during instruction allows them to gain a collective sense on what the equipment is able

to do and its main limitations. As occurring with visual learning in other situations, it

is only by hand-on practice that visual recognition and interpretation is built in a rich

Visualizing time: how linguistic metaphors are incorporated… 373

123



and diverse instructional environment that gathers a variety of phenomena and

mechanisms.

In education research the identification of instructional situations in which students

show difficulties in understanding (not only subject matter concepts but also practical

procedures) might reveal ground level difficulties. Accordingly, a very general system

concept widely used in teaching science and engineering (electronics, data communication,

and signal transmission) at an introductory level will be here used as example. A basic

‘‘communication system’’ comprises two units, namely emitter and receiver, which are

connected by means of a channel that transmits some kind of signal. The notion of

transmission obviously involves the concept of time. The analysis of how time is conceived

and used in a practical realization of a communication system will serve as describing

example of the mechanisms involved in perceptual recognition of simple shapes, mediated

by a recording instrument.

The oscilloscope practice has been selected because it allows drawing upon a

simple, but non-trivial, visualization situation. The practical situation permits exploring

into the interplay existing between conventional language, visualization and instru-

mental mediation, in order to gain new insight into the mechanisms underlying visual

understanding. Findings derived from linguistic analyses are next briefly summarized

insofar as conventional conceptualizations about time are concerned. Afterwards, the

instructional utility of the linguistic perspective is explained by recalling the problems

students often experience in interpreting images drawn by the oscilloscope. Finally a

sequence in the activation of time–space metaphors is suggested that allows decom-

posing the instrument operation and the consequent building of a readable time-varying

signal image.

Fig. 1 Some images on the oscilloscope screen corresponding to a sinewave coming from a function
generator. Vertical axis corresponds to the input voltage while horizontal axis is directly assimilated to time
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The oscilloscope: an example of displaying instrument

Let us imagine a laboratory class which explains to students how the oscilloscope func-

tions. Oscilloscopes are rather sophisticated apparatus commonly introduced to under-

graduate students in science and engineering training laboratories during the first degree

course. Students rarely have previous experience with oscilloscopes, although rapidly

observe that the instrument is equipped with a screen for representation of signals.

Obviously physics and engineering textbooks are provided with explanations about what a

signal is and the methods to capture time-varying quantities. This previous (out-of-lab)

training focuses on rather formal and mathematical aspects of the subject matter in such a

way that a ‘signal’ is conceptually reduced to a mathematical function which has a uni-

vocal representation on the Cartesian plane. Time is always the horizontal line corre-

sponding to the x-axis. There is then a wide gap between what students expect to see (a

stable trace on a sort of x–y plane) and the image displayed by the oscilloscope. During

laboratory instruction they are informed on the experimental set-up made up of several

instruments. Students are encouraged to work with a set of function generators (emitter)

and oscilloscopes (receiver), and with cables to connect both types of apparatus. Let us

assume for instance a sinewave of a certain frequency selected on the function generator

front panel. After the connection, students may feel astonished by observing the variety of

images appearing on the screens of different oscilloscopes, as those shown in Fig. 1. This

diversity alerts students that there is not a direct, simple and easy relation between the input

signal and the output image.

Oscilloscopes are a type of instruments devised to convert changing magnitudes (called

in electronics time-varying signals) into a stable and stopped image with time congealed in

the x-axis of the Cartesian plane. This transformation is not straightforward and it seems to

be the key contribution from the original designers of the instrument. My point here was

trying to explain this dynamic-to-static movement to first year undergraduate student

without any knowledge of electronics. At the beginning of the laboratory class students,

which have not previously worked with oscilloscopes, are regarded as instrument users.

For them the oscilloscope is no more than a black box. How to gain intuition about the

internal oscilloscope transformations without the necessity of opening the box was a real

challenge to me as laboratory teacher.

Students are usually able to understand that the signal comes from the function gen-

erator, reaches the oscilloscope and then the apparatus displays a related picture. In their

first approximation to the instrument they have enough time to work and play with the

connections and change some apparatus settings (time and voltage scales, input channel,

trigger mode…). As occurring with other kinds of practical learning the interaction

between the student and the instrument, and among students in relation to the instruments

too, is necessary to progress into the apparatus understanding and recognition of eventual

limitations. As observed in Fig. 1, students obtain different images depending on the

particular oscilloscope trigger configuration. How can the same function generate such a

set of different images? The real observation of the signals is often more interesting

because under some oscilloscope configurations, waves seem to be actually ‘‘passing’’

from one side of the screen to the other before the students’ very eyes. The fact of

observing a signal passing activates internal modes of perceiving time in a dynamic way.

The oscilloscope screen features then other displaying technologies students are more used

to watch. Film screens or TV sets are devised to reproduce changing images in accordance

with the evolving nature of the signals. The conflict becomes apparent because students try
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to seek stable (frozen) images as those appearing in their textbooks that are surprisingly

only present in some oscilloscopes, while simultaneously dynamic outcomes are also

visible on other screens. As pointed out previously, dynamic images do not fulfill the

requirement of stillness necessary for measuring purposes.

Students intuitively sense that the answer to the image multiplicity deals with the trigger

keys on the front panel of the oscilloscope, but they are usually unable to give a suit-

able explanation for the variety observed in the apparatus responses. Experts know that it is

simply an issue concerning the synchronization between the incoming signal and the time-

base of the oscilloscope which allows acquiring a set of images exactly at the same

oscillation instant. The superposition of different acquisitions starting at the same oscil-

lation point yields the apparent illusion of observing a fully stopped signal that is in reality

time-varying. The synchronization process implies a sort of apparatus adjustment or tuning

that it is fully automatic in the oscilloscope digital versions, and consequently becomes

hidden for the students. We believe that the problem for students is even more severe

because conventional concepts about time need to be activated in the correct ordering. It is

next explained that there is a duality within the intuitive views about time evolution related

to its dynamic and static features, and how students might need a guide to achieve suc-

cessful understanding.

Conventional conceptualizations of time

Time in common language is not conceptualized in its own terms. Instead people talk about

time in conventional conversations by relying on a spatial analogy. Lakoff and Johnson

expressed this by indicating that ‘‘Spatial orientations like up-down, front-back, on–off,

center-periphery, and near-far provide an extraordinarily rich basis for understanding

concepts in orientational terms.’’ Time is no more than a specific instance (Lakoff and

Johnson 1980). They used the more linguistic term ‘‘metaphor’’ to name these analogies.

Three different metaphors by which we express time-related sentences were identified,

which are claimed as being common in English and in most languages usage.

These three ‘‘spatial time’’ views are briefly outlined here. ‘‘The most basic metaphor

for time involves an observer at the present who is facing toward the future with the past

behind the observer. We will refer to this as the Time Orientation metaphor.’’ (Lakoff and

Johnson 1999) This analogy lies behind common sentences like: ‘‘That’s all behind us

now. Let’s put that in back of us. He has a great future in front of him.’’ Nevertheless,

recent studies have evidenced that this is not a universal pattern embracing different

linguistic groups (Boroditsky 2001), and that a substantial flexibility in conceptual pro-

jections exists when different individuals, specific tasks, and cultures are compared

(Torralbo, Santiago and Lupiáñez 2006). For some linguistic groups future is instead

situated behind the speaker (Núñez and Sweetser 2006). Lera Boroditsky and co-workers

(Fuhrman, McCormick, Chen, Jiang, Shu, Mao and Boroditsky 2011) pointed out that

Mandarin speakers conceptualize time in terms of the vertical direction in opposition to

horizontal orientation common in Western languages.

The basic time conceptualization in spatial frames of reference is completed in two

different ways in English (Boroditsky 2000) and, based on my own experience, also in

Latin (Catalan and Spanish) languages. The second metaphor sees the observer at a sta-

tionary position ‘‘facing in a fixed direction.’’ and ‘‘There is an indefinitely long sequence

of objects moving past the observer from front to back. The moving objects are
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conceptualized as having fronts in their direction of motion.’’ Replacing ‘‘objects’’ by time,

and ‘‘the motion of objects’’ by the passage of time completes the analogy. This is the

essence of the Moving Time metaphor as we can see with the following sentences: ‘‘The

time will come when there are no more typewriters. The deadline is approaching. The time

to start thinking about irreversible environmental decay is here. The time for the end-of-

summer sales has passed.’’ Figure 2 tries to capture the essence of this analogy with the

particularity of seeing time passing from left to right instead of from front to back as

inferred from the strict Moving Time metaphor.

The third way to conceptualize time is called the Moving Observer, or Time’s Land-

scape. Here each location in the observer’s path is a time so that the observer is moving,

where the present is the current observer’s location. Again there are examples of this

analogy in contemporary English: ‘‘What will be the length of his visit? Let’s spread the

conference over 2 weeks. We’re coming up on Christmas. I’ll be there in a minute.’’

(Lakoff and Johnson 1999) As sketched in Fig. 3, the arrow, which now stands for the

observer, is moving along the time axis as if a stable landscape exists. Again front-to-back

observer orientation is replaced by left-to-right direction.

Fig. 2 Sketch of the Moving
Time analogy: the time-
dependent function passes from
right to left over the fixed
location of the observer (arrow).
In this image time evolves from
top to bottom

Fig. 3 Sketch of the Moving
Observer or Time Landscape
analogy: the time-dependent
function forms a fixed
background in which the
observer (arrow) moves from
right to left

Visualizing time: how linguistic metaphors are incorporated… 377

123



Space and time are only one example of a large set of domain pairs systematically

mapped in ordinary language. The question of whether such domain-mapping is actually

real or simply results from a set of local polysemies was experimentally addressed.

According to these studies (Gentner, Imai and Boroditsky 2002), large-scale systems of

conventional conceptual metaphors can be seen then as psychologically real conceptual

systems. Strictly speaking the Lakoff and Johnson metaphorical space–time mapping relies

on a highly specific type of embodiment, that that regards the human body as a reference

framework. Therefore its application or extension to displaying instruments does not seem

evident at first glance. But this is precisely my intention: to make clear that instruments

also incorporate these metaphors. Instrument makers introduced specific time views into

the equipment design process to promote particular visualization. Consequently these tacit

ideas might improve student comprehension when become explicit.

It should be noted that the Lakoff and Johnson’s approach on time conceptions has

many points in common with previous philosophical and anthropological accounts (Gell

1992). Roughly speaking the outlined linguistic approach basically distinguishes the

practical use of two ways of talking about time of static and dynamic features. Moreover,

these ‘‘two metaphors are, strictly speaking, inconsistent with each other … But these are

actually minimally differing variants of one another. In short, they are figure-ground

reversals of one another. … We will refer to such metaphor as duals and the phenomenon

as duality.’’ (Lakoff and Johnson 1999) This duality reveals embodied modes of visual-

ization: either the observer is moving and sees a stable background or there is a changing

background observed by a still eye. Hence time is essentially conceived either in a dynamic

or static way, and both options are mutually exclusive. It should be recognized that the

twofold spatial view of time was previously recognized by early XXth century idealist

philosophers as J. M. E. McTaggart (Gale 1968, 1967). Even contemporary philosophical

theories about time situate it between two polarized extremes usually called the A- and

B-series. We highlight here the main contrasting features of each philosophical theory

particularly in relation to the Lakoff and Johnson’s approach. A-series sees time in a

dynamic manner with ‘passage’ and ‘becoming’ as basic conceptualizations. Alfred Gell

graphically quoted that A-series conceives ‘‘time as a wafer-thin screen of unique events in

a continuously changing and moving present’’ (Gell 1992). In contrast the B-series high-

lights the static character of time with ‘being’ and Cartesian representation as useful ideas.

Time is then understood as a congealed concept, ‘‘more or less coextensive with space’’.

Although philosophical and linguistic approaches differ in many aspects that would need

further clarification, it is clear that A-series and Moving Time views gather the basic

background of the dynamic features of time. In the opposite extreme, B-series and Time

Landscape analogy has in common the static view by means of which time is understood.

The Time’s Landscape analogy is particularly important when we deal with drawing

time-dependent functions on a graph. We usually take for granted that the independent

variable in the x-axis represents time. In fact, there is an automatic activation of the

analogy that maps times and locations in space, which allows us to visualize and correctly

interpret the graph. Students are expected to conceptualize time in terms of the Time’s

Landscape metaphor because this makes up the intuitive basis for representing time-

dependent functions. By simply superimposing the signals of Fig. 3 into a unique sine-

wave, time is converted into the x-axis variable. After years of schooling, most students

have usually internalized the interpretation of time-dependent functions as represented on

the Cartesian plane. This is obviously the case of Western students who learned to write

from left to right, and straightforwardly interpret time graphs in the writing direction. Other

linguistic groups write in a different manner (direction) as Mandarin (from top to down) or
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Arabic and Hebrew speakers (from right to left) do. These writing conventions effectively

shape people’s representations of time (Fuhrman, McCormick, Chen, Jiang, Shu, Mao and

Boroditsky 2011). Despite this variability scientific graphs follow the Western convention.

One would even speculate that Time’s Landscape metaphor lies behind a culturally

favored conceptualization of time used in modern science and engineering. Recalling

historical accounts, it is known that geometrical representations of time-dependent func-

tions can be encountered in the works of medieval thinkers. For instance, in the XIVth

century Nicole Oresme’s schema first represented time as a horizontal line, whereas the

intensity of any quality was drawn as a vertical line (Lindberg 1992). Thereby the rep-

resentation of motions could be visualized in terms of a geometrical shape. However, the

spread of this space–time mapping activation took some centuries. Later in the eighteenth

century, only scientists and engineers were able to interpret and use time graphs. So the

chemist Joseph Priestley (1733–1804) felt obliged to explain his use of time graphs by this

fashion (Headrick 2000): ‘‘Thus the abstract idea of time… admits of a natural and easy

representation in our minds by the idea of a measurable space, and particularly that of a

line; which like time may be extended in length, without giving any idea of breadth of

thickness. And thus a longer or a shorter space of time may be most commodiously and

advantageously represented by a longer or a shorter line.’’ Therefore time, in being con-

ceptualized by means of spatial notions within the Time Landscape metaphor, could be

quantified so as to form part of the development of the visual features of modern tech-

nology (Crosby 1997). This particular time metaphor was assimilated into the scientific

cultural tradition and finally incorporated into electronic displaying instruments.

The historian Peter Burke introduced the term ‘cultural tradition’ in the sense used here

(Burke 1978). From an anthropological point of view, a culture is seen as a structure of

shared meanings that can be understood by the people immersed in it, and confers order

and sense to the reality (Geertz 1973). Cultures are always historical constructs that evolve,

interact and change continuously (Sahlins 1985). The force behind this evolution is in fact

the people’s practices and daily negotiations confronting meanings and interpretations

(Sewell 1999). Cultural practices comprise every activity by means of which meanings are

not only maintained and supported, but also reoriented and hybridized. This concept of

culture is elastic enough to allow speaking of different cultures or subcultures within a

given society, in such a way that it is conceivable thinking about popular and elite cultures,

or also scientific and mass cultures. Each one presenting its own history, expressions and

external exchanges, and giving rise to conflicts, collisions, borrows, and fruitful influences

in relation to other cultures (Burke 2009). Scientific culture then gathers its own shared

meanings and concepts technologically embodied in instruments as occurs with the

oscilloscope presented here. Obviously there is not a unique scientific culture as pointed

out convincingly in previous studies (Galison 1997). Peter L. Galison studied the material

culture (instrumentation) of two closely related branches of the particle physics. He

observed how the traditions of these two subcultures were evolving in parallel with rela-

tively poor cross-fertilization.

It is interesting to note here that the opposite metaphor (Moving Time) was essential in

the development of other cultural traditions. During the XIXth century the combination of

popular culture and new projection systems gave rise to the birth of cinema, one of the

expressions of the current mass culture. Also educated within this tradition students of

different linguistic groups around the world are used to seeing a screen on which dynamic

events occur while the observer occupies a stable position.

It should be recognized that cinema has developed a variety of ways for managing time

during the last century. This obviously configures a specialized notion commonly known as
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cinematographic time that may exhibit different and certainly sophisticated structures.

Filmmakers have invented a variety of procedures to manage time: simultaneity, flash-

back, subjective views… and scholars distinguish a break point in the 1960–1970s that

impelled cinema to freely manipulate and alter time in unfamiliar fashions. I am however

interested here in the simplest version of cinema: a short single shot filmed by a still

camera, as a contrasting example of an apparatus conceived and devised to show change

and motion instead of stillness. In opposition to the stopped image of a time-varying,

dynamic event provided by the oscilloscope, cinema screens highlights the moving features

of the things as displayed in simple shots. Interestingly, cinema scholars (Doane 2002)

realized that the filmic process creates an illusion of movement from static images. As

Doane claims, ‘‘[t]he cinema attempts to reconstitute movement with a series of still

photographs, but none of these photographs has anything to do with movement. Their

gestures are static, frozen’’. And also ‘‘[t]he moment of fascination in the early cinema is

the moment when the still image projected on the screen bursts into movement’’. It seems

therefore that the two displaying technologies (oscilloscopes and films) seek for completely

opposite purposes: whereas oscilloscopes intend to show static views of changing phe-

nomena, cinema cameras and projectors embody a procedure to recreate motion from

stillness. This last observation about the hidden mechanism behind the reconstruction of

motion from a set of filmed photograms resembles the original view of the Moving Time

metaphor. In the metaphor there is a succession of objects (time) that move from front to

back the observer. Similarly a film strip is a sequence of frozen images that passes through

the optical system of the projector and thereby creates movement. It is then important to

stress how different technological cultural traditions incorporate time views according to

their effectiveness in terms of particular recognition abilities.

As previously explained, the conceptual mapping described constitutes the central part

of our commonsense understanding about time and time-related events. However, it should

be noticed that such an analogic schema does not form a coherent and consistent whole.

The activation of either the Time Landscape metaphor or the Moving Time metaphor

mainly depends on the actual situation and its particular details. Depending upon whether

the activity is understood as belonging to one specific cultural practice or another, then

specific visualization forms should be activated.

Changing views in a thought experiment

The experiences described with the oscilloscope images point to a failure in the students’

understanding as a result of the fact that they see the instrument as fixed, lying on the lab

bench, and try to think about the signal as passing over. As commented previously a

dynamic sinewave is sometimes observed resembling the motion on a cinema screen. One

can imagine that students are just trying to apply the Moving Time metaphor (process 1 in

Table 1), which seems to naturally match the experiment situation: the observer (the

oscilloscope) is stationary at a given spatial location and the time-dependent signal is

conceived as moving towards it. Explaining frameworks of this sort are commonly drawn

when teachers introduce students in the subject of signal transmission and communication

systems. Emitter and receiver are always represented at a fixed position while a moving

signal accompanies the textbook drawings. This kind of conceptualization might block the

students’ thought, and limits proper understanding. I suggest here that in order to catch the

wave in the laboratory, most students will have to change their conceptual schema and

think of using another viewpoint.
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This change in the conceptual view entails a movement of students’ thought able to

make explicit the type of linguistic modes they implicitly have in mind to conceptualize

time. Students are suggested to imagine the signal as having stopped, as they usually do in

drawing time-dependent functions, and allow the oscilloscope (the observer) to run along

the signal track (process 2). This is in fact a change in the spatial time analogies from the

Moving Time metaphor to the Time Landscape metaphor. One can imagine replicas of the

oscilloscope screen superimposed to the sinewave at different times starting at the same

oscillation point. The signal that appears on the oscilloscope screen will be a frozen

sinewave only in those cases in which the space of time (interval) between successive

recordings is constant. This is of course what the trigger system of the apparatus actually

does.

Once a stable signal is on the screen (second image in Fig. 1), it is feasible for students to

measure, for instance, the period of the sinewave as if it were a time-dependent function

representation. Therefore, the instrument delivers a representation of the signal ready to be

interpreted in the useful framework of the Time Landscape metaphor (process 3). In this last

step the student becomes the observer and can easily displace her/his finger along the signal

trace. In the modern oscilloscope digital versions, the screen cursors operated by the

oscilloscope user make the measurement. We see therefore that the dual conceptualization

of time can be applied or activated at different levels depending on the current experimental

situation, be it real or thought. More importantly students gain a deeper comprehension

about the instrument operation if instruction makes explicit use of the metaphorical

mapping.

It should be stressed that the key point to correctly ‘read’ the incoming signal consists

in synchronizing the oscilloscope time-base and the sinewave period. The apparatus

trigger needs to be adjusted to allow students to ‘stop’ the signal. We can see, therefore,

that before the instrument provides a readable drawing, some kind of apparatus manip-

ulation is necessary to remove false outcomes. People experienced in manipulating

oscilloscopes or other types of displaying instruments, usually take all the previous

tunings for granted. When the instrument is properly triggered, a stable visual repre-

sentation of the signal appears on the screen. The instrument might be then regarded as a

black box. The activation of the Time Landscape metaphor (process 3) is then rather

straightforward and needs no further explanation. However during the training process of

gaining expertise, the type of visualization needed for image interpretation is not yet

internalized. This is the case of science and engineering students who are being intro-

duced into elementary laboratory practices, particularly if instruments displaying images

and graphs are being employed.

Table 1 Sequence of movements involved in the interpretation of instrument-mediated signals

Observer Time concept

Process 1 Instrument Moving Time Moving traces observed on the oscilloscope screen.
It blocks proper interpretation of time-varying signal

Process 2 Instrument Time’s Landscape Explanation of the synchronization process as performed
by the trigger setting. It allows seeing time-varying signals
as represented by replicas of similar images

Process 3 Student Time’s Landscape Static visualization of traces. It allows quantification in
x–y plots and proper measurement
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Role of instruments as mediators

From an ethnographic perspective education and instruction can be assimilated to a process

of acculturation in which students progressively adapt to or borrow traits from the scientific

culture. This view emphasizes the contrast between common, external (to the education

institution) ways of interpreting physical phenomena, and internal approaches connected to

the scientific practices and concepts. External and internal practices belong in principle to

different cultures, let us say contemporary Western and scientific cultures in my teaching

experience. However practices occurring outside the school become of primary concern to

understand students’ conceptions and ideas that constitute the starting point for the

development of academic knowledge (Hammer 1996). Relying on previous work (Nespor

1994, 2004) more recently Antonia Candela provided an ethnographic account on the

students’ trajectories as spatially and temporally distributed events institutionally orga-

nized as obligatory passage points on the route to stabilize the identity as scientists or

engineers (Candela 2010). Recalling our previous accounts on cultural traditions, class-

rooms can be then seen as privileged locations for cultural hydridation (Burke 2009).

Teachers and students are involved in a work that continuously relates classroom activities

to outside practices, experiences and conceptualizations. Hence instruction should always

take into account other settings, moments and meanings in a sort of cross-cultural nego-

tiation. It should be stressed that learning instrumental (relative to the instruments)

knowledge is per se a practical task so that the cross-cultural negotiation aims at config-

uring a community of practices that foster a collective refinement of the visual display

interpretation.

Here I have identified two ways of understanding time as used in different trajectories

through which students are located. Interestingly specific displaying instruments belonging

to different cultural traditions incorporate contrasting time views. One of them sees time in

terms of a dynamic metaphor consisting of a static observer looking at passing events. As

introduced previously, this is a general and widespread practice common in the contem-

porary mass culture, which lies behind the process of making sense to moving images

usually visualized by means of movie shots. In contrast scientific culture favored another

way of time conceptualization (static time metaphor) that historically fostered the con-

struction of graphs and the incorporation of time-dependent functions as represented on the

Cartesian plane into displaying instruments. Both types of cultures, scientific and mass, are

considered highly technological in the sense that complex instruments, apparatus or

machines participate in their visual practices. Displaying instruments as oscilloscopes or

cinema projectors can be thought as cultural artifacts (Schiffer 1999) involved in the

production and communication of shared meanings, and devised for specific functions

(Graves-Brown 2000). The identification of these two time views and their common uses

and practices embodied in artifacts would allow teachers to guide students during the

instructional approach to displaying instruments. But why instruments are so important in

training future scientists? As next explained instruments constitute core participants of the

scientific practices.

Bruno Latour first identified the crucial role instruments play as ‘‘inscription devices’’

able to produce scientific graphs (Latour and Woolgar 1986). He defined instruments as

‘‘any set-up, no matter its size, nature and cost, that provide a visual display of any sort in a

scientific text’’. Graphical displays of data become central rather than peripheral in the

process of constructing and communicating scientific knowledge (Latour 1990). Graphs are

involved in crucial discursive practices for enrolling allies to a particular, not fully
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established points of view, and for persuading other scientists on the value of one’s

research (Latour 1987). Following Latour’s approach instruments can be viewed as bottle

necks of obligatory pass that condense previous knowledge after closing former contro-

versies in a particular scientific field. It is then understandable that students’ training

trajectories should pass through them.

I finish by emphasizing the role played by the recording instruments (the oscilloscope in

this case). As Don Idhe pointed out, an intrinsic relationship exists between visualization

ways and the use of scientific instrumentation (Idhe 1991). The basis of such visualization

in science and engineering relies on ordinary perception. However, visualization is possible

by means of the instrument mediation, which makes signals readable. The instrument then

is devised to transform the information and display it in such a way that matches the

specific mode of perception of the outer observer. The graph generated is then ready to be

used for measuring any physical variable, or as a rhetorical inscription within a scientific

text.

Concluding remarks

The linguistic perspective introduced explains how there are sound accounts that analyze

thought and reasoning in terms of low-level ideas. These conceptual structures manifest

themselves as conventional linguistic patterns. Time is conceived in everyday talk in terms

of spatial (visual) notions by means of two different analogies or metaphors. The explicit

knowledge of students’ conventional conceptions of time can improve their understanding

of signal recording, and contribute to form a solid base on which to build further science

and engineering concepts and fruitful laboratory practices. The analysis reported here

highlights the interplay between visualization and imaging interpretation in order to make

sense of the oscilloscope graphs, and achieve a proper reading. The linguistic account,

when explicitly stated to students, becomes fruitful and firmly tied to thinking processes

through visualization mechanisms.
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Torralbo, A., Santiago, J., & Lupiáñez, J. (2006). Flexible conceptual projection of time onto spatial frames
of reference. Cognitive Science, 30, 745–757. doi:10.1207/s15516709cog0000_67.

Tversky, B., Morrison, J. B., & Betrancourt, M. (2002). Animation: Can it facilitate? International Journal
of Human Computer Systems, 57, 247–262. doi:10.1006/ijhc.2002.1017.

Wu, H. K., & Shah, P. (2004). Exploring visuospatial thinking in chemistry learning. Science Education, 88,
465–492. doi:10.1002/sce.10126.
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Abstract As has been widely discussed, the National Research Council’s (NRC) current

policy in United States education advocates supporting students toward acquiring skills to

engage in scientific practices. NRC policy also suggests that supporting students in the

practices of science may require different approaches than what is required for supporting

student engagement with scientific content. Further, acquiring skills in scientific practices

is not limited to gaining proficiency in utilizing tools that support scientific inquiry: stu-

dents must also understand how to interpret information generated from such tools. These

tools of scientific practices are embedded within scientific culture, which from Sewell’s

perspective, is comprised of both practice and semiotic code (symbols and meanings). To

become scientifically literate students must learn to utilize this code in practice. Author

Germà Garcia-Belmonte identified one example of learning to utilize the semiotic code in

scientific practice and considers challenges faced by undergraduate physics and engi-

neering students within that context. Garcia-Belmonte observes students struggle to

interpret symbols and meaning (the visual display generated) while engaging in practice

(utilizing an oscilloscope) and posits that two, culturally bound, competing, linguistic

metaphors of time may be the cause. Ultimately, however, the author does not explore

beyond hypotheses. Although his theory may be correct, the paper serves as a reminder of

the responsibility we have to students. As educators, it is useful and beneficial to make

observations and develop theories surrounding why our students struggle. However, in

addition to theorizing on why, for example, a particular scientific norm might present

challenges for our students, we must remain mindful that challenges may not be uniform
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and may vary considerably according to students’ culture(s). Engaging with students and

soliciting specific information regarding the challenges they face allows us, as educators, to

both examine whether students’ reported challenges align or conflict with our own per-

ceptions of those challenges, and subsequently devise and test methods toward supporting

students in overcoming their challenges.

Keywords Practice � Metaphor � Norms � Culture � Science education � Language

Over the past decade within the United States, there has been a focus in science education

policy documents recommending students develop skills with regard to both communi-

cating content knowledge as well as participating in the practices of science. For example,

The Framework for K-12 science education (NRC 2011) and Next Generation Science

Standards (NGSS 2013), which are seeking to influence science teaching in the United

States, have the goal of encouraging teachers to help students achieve scientific literacy by

supporting them in understanding science content and participating in science practices. As

is often noted: Science is not a collection of facts, it is a process. Becoming ‘good at

science’ is not simply a matter of learning content, it also depends on the ability to engage

in the practices of science and become adept at the way the information acquired through

these practices is communicated. A 2009 study by Lei Bao and colleagues comparing first

year freshmen in the US and China illustrates how higher levels of content knowledge,

regardless of K-12 preparation, does not necessarily correspond to increased scientific

reasoning skills (Bao et al. 2009). It should be no surprise to anyone that supporting

students in the practices of science requires a different approach than asking them to label,

identify, recite or compute.

The practices of science require more than just becoming proficient users or operators

of the tools that support scientific inquiry. Students must also become proficient under-

standers or interpreters of those tools. Even if a student is provided the instructions

(whether written, verbal, or physical) for engaging in a practice or using a tool to

accomplish some end, she/he must be able to translate those instructions into practice or

use that tool. Then students must be able to understand what it is they accomplished either

with the tool or through the practice. Finally, they must be able to evaluate whether what

they accomplished was what they expected or even intended to accomplish. As you

imagine the large variety of practices and skills a student might encounter in his or her

science classrooms, remember also that these activities are part of the bigger phenomenon

that is the culture of science (Aikenhead 1996).

A useful definition of culture to consider when discussing scientific culture comes from

William Sewell (1999) whereby culture is a ‘‘concrete and bounded world of beliefs and

practices’’ (p. 39) and, more specifically, includes ‘‘a system of symbols and meanings’’ (p.

43) and a practice (p. 44) These two concepts within culture include the shared language,

practices and norms within a loosely bounded group. From Sewell’s perspective, system

and practice are intertwined, ‘‘To engage in cultural practice is to make use of a semiotic

code to do something in the world,’’ (1999, p. 49). Individuals, who are members of the

scientific community, or culture of science, are able to make use of a semiotic code. They

are able to read formulas, graphs, equations, articles and diagrams. Members of the sci-

entific community use that code to communicate information, engage in practices or
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processes based on their understanding of the code, and develop explanations of phe-

nomena they observe.

Reflecting on the relationship between the semiotic code of science and the practices of

science helps us understand that the goal of achieving scientific literacy is much more than

simply hoping students will be able to read a paragraph describing an observable phe-

nomenon. Scientific literacy also means being able to interpret and utilize symbols and

representations to understand and communicate (Otieno and Milne 2005) or to use evi-

dence and claims to construct arguments. (Kirch and Stetsenko 2012) Scientifically literate

students must learn to utilize the code and ‘‘attach abstractly available symbols to concrete

things or circumstances and thereby to posit something about them,’’ (Sewell 1999, p. 49).

For scientifically literate students, the semiotic code that they encounter can eventually be

manipulated and used for specific purposes.

This semiotic code in scientific language includes texts, graphs, images and mathe-

matical equations (Gee 2005) as well as visual representations and analogical models

(Lemke 2005) used to make meaning in science. Jay Lemke (1998) describes scientific

language as comprised of verbal, physical, mathematical or visual components that con-

tribute towards meaning making. Scientific language has also been described as including

the interaction between text and graphs, images, equations and tables (Roth 1994) as well

as symbols, words, multiple representations (physical or mental or analogical models and

diagrams) and the language of instruction (Gee 2005).

One interesting example of semiotic code and its use can be taken from the periodic

table. Among many other possibilities, the periodic table affords teachers and students the

ability to engage in a discussion of salt, NaCl, with which most students will have an

everyday familiarity. The periodic table also permits a discussion of salt, MgCl2 and

allows for differentiation between salts, NaCl versus MgCl2. Using the code, it is possible

to write equations for each of these two salts that describes their interactions (and reac-

tions) with other elements or compounds, represented symbolically by using the same

table. When combined with mathematical symbols, symbols taken from the periodic

table can be used to perform calculations and comparisons of phenomena such as ion-

ization and solubility. From there it is possible to draw associated visual representations of

each salt, and discuss or predict additional phenomena, including colligative properties.

Teacher and students can also make comparisons of bonding properties of NaCl and MgCl2
and contrast them with the symbolically similar, but fundamentally different, compound

SCl2. In addition to the pen-and-paper discussions and predictions, real world examinations

of these substances can be conducted whether for purposes of exploration, prediction or

confirmation.

The ability to engage in any of the communications, observations or activities men-

tioned above is critically dependent on the ability to appropriately understand, interpret and

use the periodic table. Using the periodic table to describe substances is only one of the

many cultural norms within the practice science. Robert K. Merton (1973) describes the

norms of science as ‘‘expressed in the form of prescriptions, proscriptions, preferences and

permissions’’ (p. 269). With regard to achieving scientific literacy, there are significant

changes that must occur before students become familiar with the norms which drive

scientific inquiry and scientific research (NRC 2011). First, students must cross a porous

cultural border and become either enculturated, or (less favorably) assimilated into the

culture of science (Aikenhead 1996). This is no simple endeavor, as often ‘‘prescriptions,

proscriptions, preferences and permissions’’ dictate how to speak, write, argue, draw,

name, observe, test, and represent objects and events that may be either familiar or

unfamiliar to students.
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Returning to the example of discussing salt(s) from the periodic table, instruction

(whether explicit, implicit, inquiry-based or otherwise) is not always sufficient to support

students’ understanding and use of the table and its symbols. How often have teachers

heard students read sodium chloride, NaCl, as ‘‘ehn-ay see-eye’’? Suddenly, it is not

possible to discuss bonding, ionization, colligative properties or solubility. To those pro-

ficient in the use of the semiotic code, ‘‘ehn-ay see-eye’’ is a completely different entity

than ‘‘ehn-ay see-ell.’’ This understandable error, identified only because the student

verbalized their misinterpretation, requires immediate attention. Further discussion is

nearly impossible until the ‘‘lowercase ‘-ell’ versus capital ‘-eye’’’ misinterpretation is

addressed.

The ‘‘lowercase ‘-ell’ versus capital ‘-eye’’’ example illustrates two points. First, that

soliciting evidence of understanding, or misunderstanding, is critical when interacting with

students. Second, that developing skills, which permit students to correctly interpret the

various representations they encounter, is critical to participating in the practices of sci-

ence, including understanding and communicating ideas and concepts. Representations

used in science classrooms and laboratories may symbolize concrete or abstract phe-

nomenon that are either experiential or conceptual in nature. Educators and researchers

must remain mindful that these representations are culturally bound and, to interpret them

correctly, students must traverse borders when moving between their own culture(s) and

scientific culture. The scientific culture into which students are most often enculturated is

also part of a larger cultural tradition: Western culture (Aikenhead 1996).

The larger cultural tradition from which science is taught further impacts teaching and

learning. In many places, science is taught from a Western cultural tradition, and more

recently, an English-speaking Western cultural tradition. Science is, and can be, taught and

conducted in many languages. At the present time, for better or for worse, English is the

predominant language for communication among the professional scientific community

(Montgomery 2004). As described above, asking students to learn about science and to

learn to do science means asking students to become familiar with and comfortable with

the cultural norms of science. The representation of elements through one and two letter

combinations on the periodic table is one such cultural norm.

Another example of a cultural norm within the scientific community is the represen-

tation of time. Members of the scientific community, including students, teachers and

researchers, tend to agree that time be represented visually as a horizontal line. Not only do

we tend to agree that time can be represented as a horizontal line, we also have opted to

follow the rule that, on that line, earlier events be placed more towards the left and later

events be placed more towards the right. This is an arbitrary decision that was theorized to

have been made on our behalf sometime in the 14th century by French Scholar Nicole

Oresme (Lindberg 1992) and further refined by Joseph Priestly in the late 18th century

(Headrick 2000). The rationale behind adopting this convention might have been a result of

the left to right writing style of many Western cultures or it might have evolved due to the

ways in which Oresme or Priestly spoke about time (Fuhrman et al. 2011). Using George

Lakoff and Mark Johnson’s (1980) framework, which explores how time is frequently

referred to in one of a variety of horizontal metaphors, Germà Garcia-Belmonte examines

the representation of time as displayed on the oscilloscope in his paper, Visualizing time:

how linguistic metaphors are incorporated into displaying instruments in the process of

interpreting time-varying signals.

Starting from an observation that students seem challenged when interpreting time as

represented on a specific piece of laboratory equipment, the oscilloscope, Garcia-Belmonte

(2016) considers the effects that both competing linguistic metaphors of time and pop-
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culture visual representations of time might have on students. The author posits that the

difficulty in correctly interpreting the oscilloscope display is a result of two directly

competing, horizontal (left-to-right) representations of time: ‘‘Moving Time, Fixed

Observer’’ and ‘‘Moving Observer, Time Landscape.’’ The author theorizes that if students

were encouraged to adopt the latter metaphor in the context of the oscilloscope, the

metaphor would facilitate their ability to interpret the signal displayed. Unfortunately,

however, the author does not explore whether students’ challenges associated with cor-

rectly interpreting the oscilloscope display are, indeed, linked to the competing linguistic

metaphors, nor whether ‘‘activation of specific space–time conceptual mapping’’ does or

does not ‘‘allow for a proper signal interpretation.’’

It would have been particularly interesting to know whether the metaphors discussed

within his paper (or different metaphors) spontaneously emerged if students were asked to

verbally describe the signal displayed on the oscilloscope. It would have also been

interesting to learn whether discussing the conflicting metaphors with students facilitated

signal interpretation, as hypothesized. Perhaps this is an area of investigation that could be

explored in other contexts where an understanding of metaphors for time is also central to

students’ understanding of a specific scientific phenomenon or instruments.

In his thought-experiment, Garcia-Belmonte explores a single instance of the challenges

one scientific cultural norm raises among a group of students. He claims that because the

students are observing the oscilloscope, which is in a fixed position, they are also imag-

ining the signal is moving across the instrument screen and, therefore, are viewing it as

they do a movie on a screen. He concludes the students are applying the ‘‘Moving Time,

Fixed Observer’’ metaphor to the oscilloscope display which impedes their ability to

correctly interpret the signal. We must remember, however, that without querying the

students, the author’s hypothesis remains only one of many, perhaps infinite, possibilities.

The process of interpreting the oscilloscope’s visual representation of time may be

particularly challenging because, as has been stated, the visual representation is based on a

phenomenon that is traditionally experiential in nature: time. The method of understanding

and communicating time through horizontal metaphor is not the norm for all cultures

(Boroditsky 2001) in which time is frequently discussed in terms of vertical (or other)

metaphors. Within Western culture, experiential time metaphors might include those used

by young children who, before they can ‘‘tell time,’’ might ask an adult how many units

long an event will be in terms of a known experiential quantity, such as the duration of an

episode of Sesame Street (60-min) or Daniel Tiger’s Neighborhood (30-min comprised of

2, 15-min segments). This experiential representation allows the child to approximate how

long an event will last without a complete understanding of minutes or hours.

Not only is time experiential, it is inconsistently experiential which may lead to further

challenges among students. Most of us have been made aware at one point or another that

enjoyable events and unpleasant events of the same chronomic duration appear to vary

significantly in their experiential duration depending on the environment in which the

event occurs (Van Wassenhove et al. 2008). A 5-minute wait for the bus can pass quickly

or slowly depending on how agreeable the surroundings.

As children grow, understanding of time tends to change from being solely experiential

to being more representational and (historically) includes interpreting a clock as a sort of

‘pie chart’ of time that measures seconds, minutes and hours. This representation of time

might also create challenges for children as they strive to understand the relationships

between minutes, fractions of hours and hours: time becomes an experiential phenomenon

that has both linguistic (minutes and hours) and visual (pie-chart) representations. A

favorite personal illustration of this comes from my best childhood friend who recalled an
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afternoon playing with a preschool-aged family friend. When the pre-schooler’s mother

announced they had to leave in ‘‘half an hour’’, the girl called out ‘‘How ‘bout seven

minutes!?’’ perhaps reasoning that since seven is more than one, she would gain extra

playtime. Even the most quotidian experiences with time require enculturation. Finally, the

experiential nature of time may continue to vary with age, where a fixed duration, such as

one year, appears to pass at an accelerated rate. Perhaps this is due to the fact that one year

is 20 % of the life experience of a five year old, but 2 % of the life experience of a fifty

year old.

These age-related experiences of time may not be universal. An extreme case is the

Pirahã of Brazil whose language and culture appear to contain no numbers, no subordinate

clauses and no verbal, experiential or visual representations time (Everett 2012). Everett

(2012) hypothesizes that the Pirahãs’ lack of number words and lack of counting, in

general, ‘‘are both caused by a cultural taboo against unnecessary generalizations beyond

the here and now,’’ (p. 256). We could ask ourselves, what difficulties might students from

the Pirahã cultural tradition face if they were to strive for scientific literacy according to the

norms of science and the ‘‘prescriptions, proscriptions, preferences and permissions’’

(Merton 1973, p. 269) set forth in the Framework for K-12 Science Education (NRC 2011)

and the NGSS (2013). How would a cultural background with no numbers and no rep-

resentations of time influence students’ abilities to interpret graphs? How would a cultural

background with no subordinate clauses in language influence students’ abilities to con-

struct arguments or write explanations?

Garcia-Belmonte (2016) states that the students, about whom he hypothesizes, are

participants in an introductory, undergraduate, physics or engineering laboratory course.

Physics and engineering students at the university level are already well enmeshed in

academic culture and, to a degree, scientific culture as well. The majority of students who

are enrolled in a university level physics or engineering laboratory course have met some

minimum threshold requirements regarding comprehension, interest, ability and skill in

science, mathematics and language. While these students may not be experts when it

comes to interpreting an oscilloscope display, it is unlikely they are novices with respect to

understanding scientific culture, scientific practices or scientific instrumentation.

Perhaps these students’ challenges in interpreting the oscilloscope signal are indeed

related to the competing linguistic metaphors, as suggested by the author. Alternatively,

their challenges may be unrelated to incorrectly applying the ‘‘Moving Time, Fixed

Observer’’ metaphor. It is also possible that the students all share similar challenges to each

other, or there may be as many reasons associated with difficulty interpreting the display as

there are students in the course. Those students in the laboratory course who come from a

Western culture may have different challenges than students who come from other cultural

backgrounds. The difficulties students from a Western, Spanish-speaking background

experience may be different from those faced by students from Western, non-Spanish-

speaking or non-Western, non-Spanish-speaking backgrounds. Even within these groups,

there is tremendous variability.

When examining a scientific norm, we have a responsibility to consider how

that particular norm may present challenges for the students we teach as well as how

challenges may vary according to students’ cultures. We also have a responsibility to

engage with students and solicit specific information regarding challenges they face, to

examine whether students’ reported challenges align or conflict with our own perceptions

or hypotheses, and, if necessary, to revise our hypotheses and experiment with alternative

methods to support students in overcoming their challenges.
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While a Pirahã cultural background is not typical of students entering science class-

rooms, their story serves as a reminder that the road to scientific literacy is complex and

likely unique for each student in the classroom. Visual representations of time (Garcia-

Belmonte 2016), representations of phenomenon (Otieno and Milne 2005), or language and

stories (Milne 2007) are all imbued with the norms of scientific culture. Educators,

researchers and policy makers, must remain mindful that science does not exist in a

vacuum, but as a culture-within-culture(s). We ought to continually ask ourselves what

cultural norms we are explicitly and implicitly asking students to understand or adopt. We

must engage with students to better understand the interplay between their culture(s) and

scientific culture and actively examine how scientific cultural norms and students’ own

cultural norms support or impede their progress towards scientific literacy.
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