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Abstract

This article presents a systematic review of how authenticity is used in science education research
and discusses the implications these uses have for the design of science education classroom practi-
ces. Authenticity has been discussed in education for decades. However, the authenticity of science
education not only concerns the design of educational activities, but also the content of what is being
taught. This article reviews research articles published in 2013 and 2014, in the three highest ranking
Jjournals in science education, regarding how authenticity is framed in science education. The findings
suggest that the uses vary greatly from referring to externally defined practices to student relevance.
The findings are discussed with the notions of cultural and personal authenticity to suggest impor-
tant aspects involved with designing science classroom activities authentic to the different references.
Based on the review, we have developed a strategy for balancing authenticity in science education
classroom practices between cultural and personal authenticity.

INTRODUCTION

In science education, the concept of authenticity has been used to argue against ‘inauthentic’ science
education where the learning contexts are different in some way from the contexts where students
have used or are supposed to use science (Levinson, 2013; Yeung Chung & Grace, 2010). Someti-
mes school science is argued to be alienated from what students experience as meaningful (Mayoh
& Knutton, 1997), or how citizens generally use science (Aikenhead, Orpwood, & Fernsham, 2011).
Other times, school science is instead compared with the practices of professional scientists (Miller,
1998; Sandoval, 2003). Another way to use the word authenticity is to argue for the involvement of
students in real societal endeavours, including the involvement in producing work of direct use to so-
ciety (Roth, van Eijck, Reis, & Hsu, 2008). This article reports on a literature review of how the notion
of authenticity has been used in the science education research community.
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Background

The notion of ’authenticity’ was introduced as a qualitative descriptor of education in the mid-20th
century. Since then, the notion has been used to argue for designing relevant and applicable teaching
activities and for making more valid assessments of students’ knowledge compared to traditional
testing (Ashford-Rowe, Herrington, & Brown, 2013; Palm, 2008). Wiggins (1989; 1990) argues for
the notion of authenticity as an attempt to preserve all the challenges in educational practice that
would be involved with a relevant situation outside school. From Wiggins’ perspective, authenticity
in science education would potentially relate to the practices of professional scientists working in as
well as outside universities and science-related citizen practices. Often, a more authentic approach
to teaching is motivated from a theoretical perspective of knowledge as situated in social practices
(Chang & Chiu, 2005).

The notion of authenticity in education is used loosely in the literature, sometimes referring to ac-
tivities relevant for the world beyond the classroom and sometimes of relevance for learning within
the classroom (Palm, 2008). Consequently, from one definition of authenticity, educational activities
that develop participation for further science education (instant and long-term), but not necessarily
for everyday life or a profession, could be considered authentic in relation to that educational system
(Boud & Falchikov, 2006). However, authenticity is not only evaluated through how accurately activi-
ties reflect practices in or outside school, but also through how meaningful it is for the students to en-
gage in the activities (Swaffield, 2011). When regarding authenticity as a concept of meaningfulness,
participation in a science classroom activity becomes authentic when it becomes meaningful for the
students to pursue. Consequently, what appears authentic to the teacher might not be authentic to the
students (Gulikers, Bastiaens, & Kirschner, 2004).

Murphy, Lunn and Jones (2006) divided the notion of authenticity in science into the more fine-
grained concepts of cultural and personal authenticity. Cultural authenticity deals with science lear-
ning as participation in an activity of a social context where understanding the nature of the scientific
practices and skills, like designing experiments, is needed to participate in these activities. Murphy
et al. describe cultural authenticity as lying in the practices in which students engage. However, this
description can be understood as both something predefined in a practice and as a process of nego-
tiation, as the student becomes part of a joint endeavour. Personal authenticity, on the other hand
concerns individual meaning-making and evaluation of the intended learning objects, for example,
the purpose for engaging in experimental design (Murphy et al., 2006). Personal authenticity thus
refers to the relationships established in activity when the students engage with tasks. For a task to be
considered personally authentic, Murphy et al. (2006), argue that performance must be perceived as
relevant to the students when engaging in activities relating to science.

The aim of this article is to review how the notion of authenticity is used in the science education
research community and discuss the consequences of different uses of authenticity for the design of
authentic science education practice. The research question is:

« How is the notion of authenticity used in the science education research community?

METHOD
We have used a model for conducting systematic reviews developed by Bennett, Hogarth, Lubben,
Campbell and Robinson (2010). The model consists of seven steps:

(1) identification of review topic,

(2) development of inclusion and exclusion criteria,

(3) systematic searches in databases and other sources,
(4) screening relevant studies against criteria,
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(5) coding against agreed characteristics,
(6) providing a systematic map of the review area and
(7) in-depth review of the selected studies in relation to the research questions.

The method is developed as a result of prior critique against more narrative reviews leaving readers at
the discretion of the authors, with an increased risk of bias (Bennett, Lubben, Hogarth, & Campbell,
2005).

Screening relevant studies

We have limited the review to articles published in 2013 and 2014 in the three science education
journals with the highest ranking in the SCImago Journal and Country Ranking (SJR) 2014. The SJR
ranking system is a well- known ranking system of journals, not only taking into account the number
of citations received but also the importance or prestige of the journals in which publications have
been cited. The three highest ranking journals of science education in SJR were: Journal of Research
in Science Teaching (JRST), indicator 6,168 Science Education (SCIE), indicator 5,262, and Studies
in Science Education (SSE), indicator 4,169. All other journals aimed specifically at science education
were ranked significantly lower (indicator <1.8). Furthermore, the three reviewed journals cover the
entire field of science education with all the scientific disciplines, as well as span over early childhood,
primary, secondary and tertiary education. Some form of the word ‘authentic’ was used in many arti-
cles of the three journals and provided sufficient data for our analysis. However, expanding the review
to other journals may have provided a different depiction of the frequency of various usages of the
concept.

Inclusion and exclusion criteria

The criteria for an article to be included in the review was that some form of the word ‘authentic’ exi-
sted in the article. The word ‘authentic’ also constitutes the linguistic stem for authenticity, authen-
tically and authenticate. This made it feasible to screen articles for the word. We have not included
articles where other concepts associated with authenticity are used, such as relevant or realistic. The
reason is that the authors of such articles do not make explicit claims concerning the concept of
authenticity.

The two volumes of the three journals included 213 articles. Both research articles and book reviews
were screened since both types of articles may contribute to the discussion of authentic science educa-
tion. Out of the screened articles, a total of 97 contained some form of the word ‘authentic’. In thirteen
of these articles, ‘authentic’ only appeared in the reference list. Since these authors did not use the
word themselves, these thirteen articles were removed from the sample. In sixteen articles, the word
‘authentic’ was used to describe the fact that the data collected derived from real classroom settings,
that is, these authors did not refer to authenticity as a characteristic of science education. Thus, we
have not included these in the review. In total 68 articles were included in the thematic coding.

Thematic coding

The term ‘authenticity’ was coded thematically with a focus on what words were used in combination
with ‘authentic’, for example: scientific community (see Table 1). Some word combinations such as
‘challenges” and ‘“transfer’ frequently appeared together in the same sentence in different articles and
were grouped as a category. This coding was revaluated and redefined until the categories distinguis-
hed the article authors’ different uses of authenticity. The coding, in turn, needed further confirma-
tion to ensure that the combination was not random or used in conflict, for example, when criticising
other researchers’ use of authenticity. In some articles, ‘authentic’ was used multiple times, which
sometimes resulted in the use of authenticity being coded into multiple uses. For instance, some
authors used the term ‘authentic’ in combination with inquiry in one section of the article and in
combination with scientists in another. In all, from the different meanings ascribed to authenticity in
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one article, we interpreted that ‘authentic’ was used in a context of inquiry as an authentic practice of
scientists. However, since other articles used inquiry without referring to scientists or used scientist
without mentioning inquiry, the article was coded as both using authentic as inquiry practices and
authentic as comparable with the practices of professional scientists.

FINDINGS
The categories that resulted from the thematic analysis of the different uses of authenticity in the
reviewed articles included authenticity as:

» Comparable with practices of professional scientists

« Grounded in the world of students

« Involving inquiry practices

« Contributing to out-of-school-practices

« Involving a challenge of transferring knowledge

» Comparable with non-professional citizen practices

» Alignment with curricula and stated purposes

 Involving a pedagogy of caring between students and teachers

In most instances, ‘authentic’ was discussed in relation to secondary education (including middle and
high school) (see Table 1). However, none of the articles mentioned that authenticity was particularly
important for secondary school. Thus, the distribution of articles cannot be used to draw conclusions
regarding whether researchers’ use of authenticity changes with the age of the students. However,
primary (elementary) science received particular critique for being inauthentic in relation to the prac-
tices of professional scientists (Bathgate, Schunn, & Correnti, 2014; Chen, Hand, & McDowell, 2013;
Feldman, Divoll, & Rogan-Klyve, 2013).

Table 1. Uses of authentic in different levels of science education

Authentic as... Primary | Secondary Tertiary Not spe-
education | education education cific

...comparable with the practices of 8 17 5 8

professional scientists

...grounded in the world of stu- 1 7 5 7

dents

...involving inquiry practices 4 9 3 2

...contributing to out-of-school- 0 4 2 3

practices

...involving a challenge of transfer- 1 2 4 0]

ring knowledge

...comparable with non-profes- 1 2 0] 2

sional citizen practices

...alignment with curricula and 0] 1 o] 1
stated purposes

...involving a pedagogy of caring 0 1 o) 0
relationships between students
and teachers
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The following subsections elaborate on the different categories and provide examples of what mea-
nings were ascribed to authenticity within the different categories.

Authentic as comparable with the practices of professional scientists

In the reviewed articles, authenticity was most frequently used to refer to the practices of professional
scientists. Within this category, authenticity was most often used to criticise what the authors label-
led as conventional science education in order to promote alternative forms of science education with
closer resemblance to the work of scientists. For instance, Nashon and Anderson (2013) criticise Ni-
gerian schools as being driven by examination accomplishment. They give examples of how to create
more authentic learning environments by collaborating with people from the science community.
Feldman, Divoli and Rogan-Klyve (2013) also mention science teachers’ limited experience of profes-
sional scientific practices as a constraint for developing authentic science education. Similarly, Chen,
Hand and McDowell (2013) make a distinction between the authentic science of scientists and the
science of elementary school, expressing a desire that elementary students should be provided feed-
back on their work from a real science community. Comparable distinctions are made by Bathgate,
Schunn and Correnti (2014), who claim that students’ negative attitudes towards science in the later
school years could partly be explained by science education in the early school years as being too de-
tached and differing from authentic science practices.

There is also a discussion on the risk of authenticity becoming superficial. Levinson (2013) criticises
the use of the label ‘authenticity’ in a project were students met health-care personnel, since the tasks
in the project were designed by teachers and therefore remained a school project. According to Le-
vinson, the school’s approach to science was too general; he argues for the need of a more profound
restructuring in order to achieve authenticity. However, not all articles in this category discuss adop-
ting professional scientific practices as an important element of science education. For example, Russ
(2014) points out that striving to emulate the practices of professional scientist could only be claimed
to be authentic if the overarching educational aim is the training of future scientists.

The authentic practises of professional scientists involved were often implicit. However, Kang, Thom-
son and Windschitl (2014) define elements of authentic science education that should be considered
necessary, such as working with scientific claims, evidence, and reasoning. Kloser (2013) also identi-
fies core authentic activities of scientific education, including the exploration of scientific questions,
analysing data, and arguing claims. Kind (2013a) argues that a salient part of the scientific discourse
is to critically examine scientific work. Therefore, this should be a part of science classroom activities.
Patchen and Smithenry (2014), on the other hand, describe more socially interactive activities of col-
laborating, communicating, and critiquing as being characteristic of authentic science.

Authentic as grounded in the world of students

An alternative way of using authenticity is to look at how school science is grounded in the students’
own questions and interests. For example, Christodoulou and Osborne (2014) write about authentic
argumentations as argumentative situations where students work without direct influence from a
teacher. They indicate that the presence of a teacher will make student learning less authentic. Smith,
Wilson, Banks, Zhu and Varma-Nelson (2014) claim that student-centred authenticity is not indivi-
dually generated, but rather negotiated through social interactions between students in developing
a common language and understanding. Furthermore, Mestad and Kolste (2014) use ‘authentic lan-
guage’ to describe how students choose to talk about science in contrast to using a formal scientific
language. They discuss authenticity in student language use as a descriptor of student ownership.
Other articles present different aspects of autonomy. Enderle et al. (2014) as well as Zhai and Dillon
(2014) describe cases of scientific internship as authentic because students are allowed to pursue
their own research questions. These questions are important to the students, although they are not
new to the scientific community they are visiting.
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Authenticity, as grounding science education in the world of students, is sometimes argued theore-
tically. For example, Bhattacharyya and Bodner (2014) argue for using both constructivism and a si-
tuated learning approach to their research to study how students transform experiences from science
laboratories to authentic endeavours in their own ‘real world’. Similarly, Price and Lee (2013) write
about the complexity of designing education in ‘citizen science’ for a multitude of practices in society;
they referred to authenticity as grounding education in the practices of students’ home environments.

Another dimension of grounding authenticity in the world of students relates to student identity
transformations (Feldman et al., 2013). Rivera Maulucci et al. (2014) describe authenticity in terms
of transformation of the student identity as a knower and producer of science. Another example is
Jackson and Seiler (2013), who evaluate authenticity of assessments in terms of how well the as-
sessments approach post-secondary science students as scientists. Some researchers use authenticity
to describe student identity in opposition of the dominant discourse to the science classroom. Tan,
Calabrese Barton, Kang and O’Neill (2013) specifically distinguished ‘authentic science engagement’
as embodied in student identity from actions that are interpreted as compliant with science classroom
discourse. Similarly, Carlone, Scott and Lowder (2014) use the term ‘authentic’ to refer to whether
students were being true to their ‘roots’ in a contradictory science class culture.

Authentic as involving inquiry practices

In this category, authenticity is used to refer to the inclusion of inquiry practices in science classroom
practice. Here, inquiry practices are described as authentic when they facilitate the development of
specific cognitive abilities (in contrast to when inquiry practices refer to activities in professional
practices). For instance, Fallik, Rosenfeld and Eylon (2013) claim that inquiry tasks are authentic
when they involve cognitive apprenticeship that develop non-memorisation and the integration of
skills and knowledge as well as provide intellectual tools that are experimental and concrete.

Slavin, Lake, Hanley and Thurston (2014) describe a project where teachers are participating in a
program of developing inquiry skills for a more authentic evaluation of science education. Wendt
and Rockinson-Szapkiw (2014) state that authentic hands-on inquiry activities is an effective way of
developing teachers’ strategies for helping students use prior knowledge to construct a new under-
standing of science. Yoon, Elinich, Wang, Schooneveld and Anderson (2013) describe the possibilities
for studying how students use prior experiences to understand science in inquiry practices.

However, Rivera Maulucci, Brown, Grey and Sullivan (2014) criticise calling classroom inquiry tasks
authentic. They criticise classroom inquiry tasks for being constrained by curricular goals of develo-
ping specified knowledge. Instead, they argue that authentic inquiry practices must be open-ended,
allowing students to define and develop their own purposes, scientific procedures, and scientific
knowledge. This use of authenticity connects to authenticity as grounded in the world of students.
Additionally, Gray (2014) criticises a traditional view of science as a solely laboratory-based practice.
He argues that an authentic inquiry practise must also include scientific problems that cannot be dealt
with experimentally.

Authentic as contributing to out-of-school practices

Sometimes, the term ‘authenticity’ is reserved for instances when students make contributions to out-
of-school practices. In this category, the notion of audience is central. Dauer, Momsen, Speth, Mako-
hon-Moore and Long (2013) point out differences between building biological models as a school task
and building biological models as part of a practice where molecular models are needed to explain
evolutionary outcomes to a real out-of-school audience. Similarly, Sampson, Enderle, Grooms and
Witte (2013) argue that there is a need for a real audience if the documentation of scientific work is to
become authentic. Another example of reference to an authentic audience is Polman, Newman, Saul
and Farrar’s (2014) description of a project where students are allowed to publish texts with a scien-
tific content for the local community.
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Authenticity in this category also refers to the potential impact that working with a local community
may have on the students themselves. Stroupe (2014) claims that authentic science involved students
positioning themselves as ‘conceptual agents’ rather than information receivers, where they produce
the scientific knowledge needed for explaining the context. Birmingham and Barton (2014) report
from a project where students could engage in local energy and environmental issues and communi-
cate their work to the community of which they were a part. Another example is a project where citi-
zens were invited to contribute with their expertise and provide input knowledge in a project run by
scientists (Price & Lee, 2013). The authenticity of the project is pointed out due to citizen engagement
in solving issues that were of common interest to the community and not only what was personally
interesting to the participants.

Authentic as involving a challenge of transferring knowledge

This category includes authenticity as a transfer of knowledge from familiar to new contexts. For
instance, Kuo, Hull, Gupta and Elby (2013) use ‘authentic sense-making’ to describe tasks requiring
transfer between intuitive ideas and formal representations; when students use symbols of science
to understand new problems as opposed to route procedures. Lee et al. (2014) describe authentic
problem-solving activities of autonomous problem solvers as the critical evaluation of information
obtained from others, and the transfer and development of their scientific knowledge. Yadav, Vinh,
Shaver, Meckl and Firebaugh (2014) similarly refer to the transfer of knowledge when describing the
authenticity of science in engineering education. Students are challenged to identify what is necessary
to learn and how to apply and transfer that knowledge to new application areas. This use of authen-
ticity is thus closely connected to the use of authenticity with reference to professional scientific ac-
tivities. However, instead of trying to adopt repertoires from engineering communities, students are
challenged to figure out their own way to deal with out-of-school contexts.

Authentic as comparable with non-professional citizen practices

A few articles refer to public issues or citizens’ use of science. Price and Lee (2013) recognise the com-
plexity of making science education authentic in relation to a diversity of citizens’ practices. Kloser
(2014) describe a project where students are working with ‘authentic texts’, meaning non-scientific
journal articles with a scientific content. Stuckey, Hofstein, Mamlok-Naaman and Eilks (2013) argue
for authenticity in relation to socio-scientific issues, where the content is formed by public interests.
Grimberg and Gummer (2013) use community members mastering cultural practices to find intersec-
tion points between tribal, science, and school science cultures and achieving authenticity to public
everyday life. One dimension of this category refers to treating science as integrated rather than se-
parate subjects. For example, Gresnigt, Taconis, van Keulen, Gravemeijer and Baartman (2014) write
about ‘authentic science contexts’ as contexts where science is not divided into different subjects.
They argue that in the public use of science, chemistry, physics and biology are integrated.

Authentic as alignment with curricula and stated purposes

This category refers to authenticity as a concept of curriculum theory which is used to evaluate the
alignment between the lesson activities and the purposes stated in, for example, curricula and syllabi.
This category was found only in two articles. Stuckey et al. (2013) claim that one educational practice
is authentic when there is alignment between goals, curricula and pedagogical aims. Similarly, Lee et
al. (2014) propose a notion of authentic measurements, referring to assessment where there is align-
ment between the specific assessment task and the formative purpose of assessment.

Authentic as involving a pedagogy of caring relationships between students and teachers
A unique use of authenticity is proposed by Rivera Maulucci (2013), who describes ‘authentic peda-
gogy’ as a pedagogy focusing on establishing caring relationships between students and teachers with
an aim to engage students more deeply in school work.
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DiscussioN

In sum, we found that, in the analysed science education journals, it was most common to use authen-
tic as comparable with the practices of professional scientists. In this context, the term was used to
criticise traditional science education. Authenticity was used to argue for developing students’ in-
terest in pursuing further education in science or introduce scientific working methods. This use of
authenticity was sometimes combined with descriptions of teaching involving inquiry practice as
authentic. However, the authenticity of inquiry was justified with claims that students would develop
a deeper understanding of science through inquiry activities, and teachers would be able to observe
students’ understanding more easily. On the other hand, another common usage was authentic as
grounded in the world of the students rather than in predefined practices. Authenticity as such would
be expressed through interest, relevance and autonomy of students or students forming an identity
in science class. The fourth most common use of authenticity was to describe activities in science
education as contributing to out-of-school practices. Students’ work was framed as authentic when
the students had generated something themselves to a real or imagined outside audience. Claiming
science tasks to be authentic as involving a challenge of transferring knowledge, as comparable
with non-professional citizen practices, or as alignment with curriculum and stated purposes were
less frequent. Only one article presented the notion of authentic as involving a pedagogy of caring
relationships between students and teachers.

The use of authentic as comparable to the practices of professional scientists or citizens (other than
scientists) strongly emphasises cultural authenticity (cf. Murphy et al 2006). However, designing
education culturally authentic to, for example, professional scientific practices, involves not only the
challenge of finding scientific tasks simple enough for the students to manage, but also deciding which
scientists’ practices should be transferred into the school context. For instance, Knorr Cetina (1999)
describes how the practices of high-energy physics research and microbiology research can vastly
differ. Within specialised courses in tertiary education this would be less of a problem than in pri-
mary education, which has many other purposes than the education of future scientists (Russ, 2014).
Moreover, it is important to point out that many of the studies reported from projects of cooperation
between scientists and schools. Without the expertise of scientists, there is a risk that science educa-
tion would contribute to misrepresentations of what would be culturally authentic to practices of the
science community. However, teachers can design culturally authentic school activities by empha-
sising abilities commonly valued by the science community such as, for example, abilities to reason
about explanations, claims, and evidence, critical examination of scientific work as well as collabora-
tion (Kang et al., 2014; Kind, 2013b; Kloser, 2013; Patchen & Smithenry, 2014).

The uses of authenticity with references to the world of students, the challenges of transfer, and the
pedagogy of caring, are in line with Murphy et al.’s (2006) notion of personal authenticity. Such
references concern how students relate to science in the classroom. Designing personally authentic
science education becomes difficult because personal authenticity is evaluated through how meaning-
ful and challenging engagement in the school activities becomes to the students. Consequently, it is
difficult to predict beforehand. There is a risk that science education will lose personal authenticity
to the students if what is valued as quality in school science education practice does not concur with
the students’ experiences of participation in those contexts (Knain, 1999). According to Gazley et al.
(2014), this negotiation between student and science culture in the science classroom is important for
the students’ future educational and career choices. This indicates that personally authentic science
education should provide students with information useful for making such choices.

Schoolwork is commonly designed by teachers (or sometimes the students themselves) using predefi-
ned criteria. Thus, designing authentic school activities where students make authentic contributions
implies a complete reframing of education. When students contribute to out-of-school practices, they
simultaneously become accountable to those communities, as there emerges a need for students’ con-
tributions to become useful to the community (Carlgren, 1999). Consequently, taking a step towards
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culturally authentic participation of contribution means taking a step away from the school as an
arena where students can practice participation without the constraints of accountability (Ibid.) To
some extent, this dilemma is circumvented in tasks where students are mainly held accountable for
contributing to their own scientific work. One example is given in an article by Dauer et al (2013)
where students had to present work to an out-of-school audience. However, if the students are asked
to produce useful scientific material for the greater public, they will have much fewer opportunities
to explore, for instance, different methods, since they must comply with public expectancies. Another
dimension of contributing to practices is the personally authentic aspect of students experiencing that
what they do actually may have an impact beyond the classroom (Stroupe, 2014).

The different uses of authenticity have very different implications for educational design. Science
education emphasising cultural authenticity might not become very personally authentic. For instan-
ce, emphasising cultural authenticity and the comparison with scientists’ practices might have nega-
tive implications for personal authenticity and the possibilities to establish a teaching practice that is
sensitive to students’ interests. A challenge is therefore to design activities that are both culturally and
personally authentic. One possible strategy to deal with this tension is to use a variety of alternative
tasks that are authentic to a variety of contexts and communities of practice. A variety of tasks could
mediate negotiation between personally authentic identity and culturally authentic membership in
different communities using science (Jackson & Seiler, 2013), as well as between personally authentic
cognitive development, and culturally authentic repertoires of scientific inquiry practices (Slavin et
al., 2014). They could also afford personally authentic self-expression and culturally authentic con-
tributions to students’ communities (Birmingham & Calabrese Barton, 2014; Price & Lee, 2013). By
taking into account both personal and cultural aspects of authenticity in the design of a variety of
tasks, science education could contribute to better supporting students in making sense of both the
cultural contexts of scientific practices and their personal relations to those activities.

REFERENCES

Aikenhead, G., Orpwood, G., & Fernsham, P. (2011). Scientific Literacy for a Knowledge Society. In C.
Linder, L. Ostman, D. A. Roberts, P. O. Wickman, G. Erickson, & A. MacKinnon (Eds.), Explor-
ing the Landscape of Scientific Literacy (pp. 28-44). New York, NY: Routledge.

Ashford-Rowe, K., Herrington, J., & Brown, C. (2013). Establishing the critical elements that de-
termine authentic assessment. Assessment & Evaluation in Higher Education, 39(2), 205-222.
http://srhe.tandfonline.com/doi/abs/10.1080/02602938.2013.819566

Bathgate, M. E., Schunn, C. D., & Correnti, R. (2014). Children’s motivation toward science across
contexts, manner of interaction, and topic. Science Education, 98(2), 189-215. http://onlineli-
brary.wiley.com/doi/10.1002/sce.21095/full

Bell, R. L., Maeng, J. L., & Binns, I. C. (2013). Learning in context: Technology integration in a teach-
er preparation program informed by situated learning theory. Journal of Research in Science
Teaching, 50(3), 348-379. http://onlinelibrary.wiley.com/doi/10.1002/tea.21075/full

Bennett, J., Hogarth, S., Lubben, F., Campbell, B., & Robinson, A. (2010). Talking science: The research
evidence ontheuse of small group discussionsin science teaching. International Journal of Science
Education, 32(1), 69-95. http://www.tandfonline.com/doi/abs/10.1080/09500690802713507

Bennett, J., Lubben, F., Hogarth, S., & Campbell, B. (2005). Systematic reviews of research in sci-
ence education: rigour or rigidity? International Journal of Science Education, 27(4), 387-406.
http://www.tandfonline.com/doi/abs/10.1080/0950069042000323719

Bhattacharyya, G., & Bodner, G. M. (2014). Culturing reality: How organic chemistry graduate
students develop into practitioners. Journal of Research in Science Teaching, 51(6), 694-713.
http://onlinelibrary.wiley.com/doi/10.1002/tea.21157/full

[506] NorDINA 15(1), 2019



Birmingham, D., & Calabrese Barton, A. (2014). Putting on a green carnival: Youth taking educated
action on socioscientific issues. Journal of Research in Science Teaching, 51(3), 286-314. http://
onlinelibrary.wiley.com/doi/10.1002/tea.21127/full

Boud, D., & Falchikov, N. (2006). Aligning assessment with long-term learning. Assessment
& Evaluation in Higher Education, 31(4), 399-413. http://www.tandfonline.com/doi/
abs/10.1080/02602930600679050

Bredo, E. (1999). Reconstructing Educational Psychology. In P. Murphy (Ed.), Learners, Learning
and Assesssment (pp. 23-45). London: SAGE.

Carlgren, 1. (1999). Skolarbetet som sarskild slags praktik. In I. Carlgren (Ed.), Miljéer for ldrande.
Lund: Studentlitteratur.

Carlone, H. B., Scott, C. M., & Lowder, C. (2014). Becoming (less) scientific: A longitudinal study of
students’ identity work from elementary to middle school science. Journal of Research in Science
Teaching, 51(7), 836-869. http://onlinelibrary.wiley.com/doi/10.1002/tea.21150/full

Chang, S. N., & Chiu, M. H. (2005). The development of authentic assessments to investigate ninth
graders’ scientific literacy: In the case of scientific cognition concerning the concepts of chem-
istry and physics. International Journal of Science and Mathematics Education, 3(1), 117-140.
https://link.springer.com/article/10.1007%2Fs10763-004-5239-0?LI=true

Chen, S., Chang, W. H., Lai, C. H., & Tsai, C. Y. (2014). A comparison of students’ approaches to inqui-
ry, conceptual learning, and attitudes in simulation-based and microcomputer-based laborato-
ries. Science Education, 98(5), 905-935. http://onlinelibrary.wiley.com/doi/10.1002/sce.21126/
full

Chen, Y. C., Hand, B., & McDowell, L. (2013). The effects of writing-to-learn activities on elemen-
tary students’ conceptual understanding: Learning about force and motion through writing to
older peers. Science Education, 97(5), 745-771. http://onlinelibrary.wiley.com/doi/10.1002/
sce.21067/full

Christodoulou, A., & Osborne, J. (2014). The science classroom as a site of epistemic talk: A case
study of a teacher’s attempts to teach science based on argument. Journal of Research in Science
Teaching, 51(10), 1275-1300. http://onlinelibrary.wiley.com/doi/10.1002/tea.21166/full

Clegg, T., & Kolodner, J. (2014). Scientizing and cooking: Helping middle-school learners devel-
op scientific dispositions. Science Education, 98(1), 36-63. http://onlinelibrary.wiley.com/
doi/10.1002/sce.21083/full

Dauer, J. T., Momsen, J. L., Speth, E. B., Makohon-Moore, S. C., & Long, T. M. (2013). Analyzing
change in students’ gene-to-evolution models in college-level introductory biology. Journal of
Research in Science Teaching, 50(6), 639-659. http://onlinelibrary.wiley.com/doi/10.1002/
tea.21094/full

Enderle, P., Dentzau, M., Roseler, K., Southerland, S., Granger, E., Hughes, R., Saka, Y. (2014). Ex-
amining the influence of RETs on science teacher beliefs and practice. Science Education, 98(6),
1077-1108. http://onlinelibrary.wiley.com/doi/10.1002/sce.21127/full

Fallik, O., Rosenfeld, S., & Eylon, B. S. (2013). School and out-of-school science: A model for bridging
the gap. Studies in Science Education, 49(1), 69-91. http://www.tandfonline.com/doi/abs/10.10
80/03057267.2013.822166

Feldman, A., Divoll, K. A., & Rogan-Klyve, A. (2013). Becoming researchers: The participation of un-
dergraduate and graduate students in scientific research groups. Science Education, 97(2), 218-
243. http://onlinelibrary.wiley.com/doi/10.1002/sce.21051/full

Fook, C. Y., & Sidhu, G. K. (2010). Authentic assessment and pedagogical strategies in higher educa-
tion. Journal of Social Sciences, 6(2), 153-161.

Gazley, J. L., Remich, R., Naffziger-Hirsch, M. E., Keller, J., Campbell, P. B., & McGee, R. (2014). Be-
yond preparation: Identity, cultural capital, and readiness for graduate school in the biomedical
sciences. Journal of Research in Science Teaching, 51(8), 1021-1048. http://onlinelibrary.wiley.
com/doi/10.1002/tea.21164/full

NorDINa 15(1), 2019 [507]




Gray, R. (2014). The distinction between experimental and historical sciences as a framework for im-
proving classroom inquiry. Science Education, 98(2), 327-341. http://onlinelibrary.wiley.com/
doi/10.1002/sce.21098/full

Gresnigt, R., Taconis, R., van Keulen, H., Gravemeijer, K., & Baartman, L. (2014). Promoting science
and technology in primary education: A review of integrated curricula. Studies in Science Educa-
tion, 50(1), 47-84. http://www.tandfonline.com/doi/abs/10.1080/03057267.2013.877694

Grimberg, B. 1., & Gummer, E. (2013). Teaching science from cultural points of intersection. Jour-
nal of Research in Science Teaching, 50(1), 12-32. http://onlinelibrary.wiley.com/doi/10.1002/
tea.21066/full

Gulikers, J. T., Bastiaens, T. J., & Kirschner, P. A. (2004). A five-dimensional framework for authen-
tic assessment. Educational Technology Research and Development, 52(3), 67-86. https://link.
springer.com/article/10.1007%2FBF02504676?LI=true

Jack, B. M., & Lin, H. S. (2014). Igniting and sustaining interest among students who have grown cold
toward science. Science Education, 98(5), 792-814. http://onlinelibrary.wiley.com/doi/10.1002/
sce.21119/full

Jackson, P. A., & Seiler, G. (2013). Science identity trajectories of latecomers to science in college.
Journal of Research in Science Teaching, 50(7), 826-857. http://onlinelibrary.wiley.com/
doi/10.1002/tea.21088/full

Kang, H., Thompson, J., & Windschitl, M. (2014). Creating opportunities for students to show what
they know: The role of scaffolding in assessment tasks. Science Education, 98(4), 674-704.
http://onlinelibrary.wiley.com/doi/10.1002/sce.21123/full

Kind, P. M. (2013a). Conceptualizing the science curriculum: 40 years of developing assessment
frameworks in three large-scale assessments. Science Education, 97(5), 671-694. http://onlineli-
brary.wiley.com/doi/10.1002/sce.21070/full

Kind, P. M. (2013b). The Lab—Creativity and culture. Science Education, 97(2), 331-333. http://on-
linelibrary.wiley.com/doi/10.1002/sce.21038/abstract

Kloser, M. (2013). Exploring high school biology students’ engagement with more and less epistemo-
logically considerate texts. Journal of Research in Science Teaching, 50(10), 1232-1257. http://
onlinelibrary.wiley.com/doi/10.1002/tea.21109/full

Kloser, M. (2014). Identifying a core set of science teaching practices: A delphi expert panel approach.
Journal of Research in Science Teaching, 51(9), 1185-1217. http://onlinelibrary.wiley.com/
doi/10.1002/tea.21171/full

Knain, E. (1999). Sense and sensibility in science education: Developing rational beliefs through cul-
tural approaches. Studies in Science Education, 33(1), 1-29. http://www.tandfonline.com/doi/
abs/10.1080/03057269908560134?journalCode=rsse20

Knorr Cetina, K. (1999). Epestemic Cultures. Cambridge, Massachusetts: Harvard University Press.

Kuo, E., Hull, M. M., Gupta, A., & Elby, A. (2013). How students blend conceptual and formal math-
ematical reasoning in solving physics problems. Science Education, 97(1), 32-57. http://onlineli-
brary.wiley.com/doi/10.1002/sce.21043/full

Lee, H. S., Liu, O. L., Pallant, A., Roohr, K. C., Pryputniewicz, S., & Buck, Z. E. (2014). Assessment of
uncertainty-infused scientific argumentation. Journal of Research in Science Teaching, 51(5),
581-605. http://onlinelibrary.wiley.com/doi/10.1002/tea.21147/full

Levinson, R. (2013). Practice and theory of socio-scientific issues: An authentic model? Studies in
Science Education, 49(1), 99-116. http://www.tandfonline.com/doi/abs/10.1080/03057267.20
12.746819?journalCode=rsse20

Lundegard, I., & Wickman, P. O. (2009). Identity transformation in education for sustainable devel-
opment: A question of location. Scandinavian Journal of Educational Research, 53(5), 461-479.
http://www.tandfonline.com/doi/abs/10.1080/00313830903180752

Mayoh, K., & Knutton, S. (1997). Using out-of-school experience in science lessons: Reality or rheto-
ric? International Journal of Science Education, 19(7), 849-867. http://www.tandfonline.com/
doi/abs/10.1080/0950069970190708

[508] NorDINA 15(1), 2019



Mestad, 1., & Kolstg, S. D. (2014). Using the concept of zone of proximal development to explore the
challenges of and opportunities in designing discourse activities based on practical work. Science
Education, 98(6), 1054-1076. http://onlinelibrary.wiley.com/doi/10.1002/sce.21139/full

Miller, J. D. (1998). The measurement of civic scientific literacy. Public Understanding of Science,
7(3), 203-223. http://journals.sagepub.com/doi/abs/10.1088/0963-6625/7/3/001

Murphy, P., Lunn, S., & Jones, H. (2006). The impact of authentic learning on students’ engage-
ment with physics. Curriculum Journal, 17(3), 229-246. http://www.tandfonline.com/doi/
abs/10.1080/09585170600909688

Nashon, S. M., & Anderson, D. (2013). Interpreting student views of learning experiences in a contex-
tualized science discourse in Kenya. Journal of Research in Science Teaching, 50(4), 381-407.
http://onlinelibrary.wiley.com/doi/10.1002/tea.21078 /full

Palm, T. (2008). Performance assessment and authentic assessment: A conceptual analysis of the
literature. Practical Assessment, Research & Evaluation, 13(4), 1-11.

Patchen, T., & Smithenry, D. W. (2014). Diversifying instruction and shifting authority: A cultural his-
torical activity theory (CHAT) analysis of classroom participant structures. Journal of Research
in Science Teaching, 51(5), 606-634. http://onlinelibrary.wiley.com/doi/10.1002/tea.21140/full

Polman, J. L., Newman, A., Saul, E. W., & Farrar, C. (2014). Adapting practices of science journal-
ism to foster science literacy. Science Education, 98(5), 766-791. http://onlinelibrary.wiley.com/
doi/10.1002/sce.21114/full

Price, C. A., & Lee, H. S. (2013). Changes in participants’ scientific attitudes and epistemological be-
liefs during an astronomical citizen science project. Journal of Research in Science Teaching,
50(7), 773-801. http://onlinelibrary.wiley.com/doi/10.1002/tea.21090/full

Rivera Maulucci, M. S. (2013). Emotions and positional identity in becoming a social justice science
teacher: Nicole’s story. Journal of Research in Science Teaching, 50(4), 453-478. http://onlineli-
brary.wiley.com/doi/10.1002/tea.21081/full

Rivera Maulucci, M. S., Brown, B. A., Grey, S. T., & Sullivan, S. (2014). Urban middle school students’
reflections on authentic science inquiry. Journal of Research in Science Teaching, 51(9), 1119-
1149. http://onlinelibrary.wiley.com/doi/10.1002/tea.21167/full

Rogoff, B. (2008). Thinking with the Tools and Institutions of Culture. In P. Murphy & K. Hall (Eds.),
Learning and Practice: Agency and Identity (pp. 49-70). London: SAGE.

Roth, W. M., van Eijck, M., Reis, G., & Hsu, P. L. (2008). Authentic Science Revisited: In Praise of
Diversity, Heterogeniety, Hybridity. Rotterdam, The Netherlands: Sense Publishers.

Russ, R. S. (2014). Epistemology of science vs. epistemology for science. Science Education, 98(3),
388-396. http://onlinelibrary.wiley.com/doi/10.1002/sce.21106/full

Sambell, K., McDowell, L., & Brown, S. (1997). “But is it fair?”: An exploratory study of student per-
ceptions of the consequential validity of assessment. Studies in Educational Evaluation, 23(4),
349-371. http://www.sciencedirect.com/science/article/pii/S0191491X97862153

Sampson, V., Enderle, P., Grooms, J., & Witte, S. (2013). Writing to learn by learning to write during
the school science laboratory: Helping middle and high school students develop argumentative
writing skills as they learn core ideas. Science Education, 97(5), 643-670. http://onlinelibrary.
wiley.com/doi/10.1002/sce.21069/full

Sandoval, W. A. (2003). Conceptual and epistemic aspects of students’ scientific explanations.
Journal of the Learning Sciences, 12(1), 5-51. http://www.tandfonline.com/doi/abs/10.1207/
S15327809JLS1201_2

Sfard, A., & Prusak, A. (2005). Telling identities: In search of an analytic tool for investigating learn-
ing as a culturally shaped activity. Educational Researcher, 34(4), 14-22. http://journals.sage-
pub.com/doi/abs/10.3102/0013189X034004014

Slavin, R. E., Lake, C., Hanley, P., & Thurston, A. (2014). Experimental evaluations of elementary
science programs: A best-evidence synthesis. Journal of Research in Science Teaching, 51(7),
870-901. http://onlinelibrary.wiley.com/doi/10.1002/tea.21139/full

NorDINa 15(1), 2019 [509]




Smith, J., Wilson, S. B., Banks, J., Zhu, L., & Varma-Nelson, P. (2014). Replicating peer-led team
learning in cyberspace: Research, opportunities, and challenges. Journal of Research in Science
Teaching, 51(6), 714-740. http://onlinelibrary.wiley.com/doi/10.1002/tea.21163/full

Stroupe, D. (2014). Examining classroom science practice communities: How teachers and students
negotiate epistemic agency and learn science-as-practice. Science Education, 98(3), 487-516.
http://onlinelibrary.wiley.com/doi/10.1002/sce.21112/full

Stuckey, M., Hofstein, A., Mamlok-Naaman, R., & Eilks, I. (2013). The meaning of ‘relevance’ in sci-
ence education and its implications for the science curriculum. Studies in Science Education,
49(1), 1-34. http://www.tandfonline.com/doi/abs/10.1080/03057267.2013.802463

Swaffield, S. (2011). Getting to the heart of authentic assessment for learning. Assessment in Educa-
tion: Principles, Policy & Practice, 18(4), 433-449. http://www.tandfonline.com/doi/abs/10.10
80/0969594X.2011.582838

Tan, E., Calabrese Barton, A., Kang, H., & O'Neill, T. (2013). Desiring a career in STEM-related fields:
How middle school girls articulate and negotiate identities-in-practice in science. Journal of
Research in Science Teaching, 50(10), 1143-1179. http://onlinelibrary.wiley.com/doi/10.1002/
tea.21123/full

Wendt, J. L., & Rockinson-Szapkiw, A. (2014). The effect of online collaboration on middle school
student science misconceptions as an aspect of science literacy. Journal of Research in Science
Teaching, 51(9), 1103-1118. http://onlinelibrary.wiley.com/doi/10.1002/tea.21169/full

Wiggins, G. (1989). A true test. Phi Delta Kappan, 70(9), 703-713. http://journals.sagepub.com/doi/
abs/10.1177/003172171109200721?journal Code=pdka

Wiggins, G. (1990). The case for authentic assessment. Practical Assessment, Research & Evalua-
tion, 2(2), 1-6.

Yadav, A., Vinh, M., Shaver, G. M., Meckl, P., & Firebaugh, S. (2014). Case-based instruction: Im-
proving students’ conceptual understanding through cases in a mechanical engineering course.
Journal of Research in Science Teaching, 51(5), 659-677. http://onlinelibrary.wiley.com/
doi/10.1002/tea.21149/full

Yeung Chung, L., & Grace, M. (2010). Students’ reasoning processes in making decisions about an
authentic, local socio-scientific issue: Bat conservation. Journal of Biological Education (Society
of Biology), 44(4), 156-165. http://www.tandfonline.com/doi/abs/10.1080/00219266.2010.96
56216

Yoon, S. A,, Elinich, K., Wang, J., Schooneveld, J. B., & Anderson, E. (2013). Scaffolding informal
learning in science museums: How much is too much? Science Education, 97(6), 848-877.
http://onlinelibrary.wiley.com/doi/10.1002/sce.21079/full

Zhai, J., & Dillon, J. (2014). Communicating science to students: Investigating professional botanic
garden educators’ talk during guided school visits. Journal of Research in Science Teaching,
51(4), 407-429. http://onlinelibrary.wiley.com/doi/10.1002/tea.21143/full

[510] NorDINA 15(1), 2019



