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中 文 摘 要 ： 探究能力的培養是十二年國民教育自然科學領域課程綱要中強調的
自然科學核心素養。課綱內容不但明確指出科學教育需提供學生探
究學習、問題解決的機會以培養探究能力。在課程規劃上更新設探
究與實作科目以期能促成此目標的實現。然而，探究式教學不僅是
課程內容的轉變，教師在課室中的教學引導方式對於探究式教學的
成功與否扮演了關鍵的角色。本研究聚焦於科學教師在課室中的教
學引導方式，分析科學教師如何利用論述(discourse)建立教學的課
室規範(classroom norms)並探討這些規範如何對學生科學概念及探
究的學習產生影響。本計畫使用質性個案研究法，針對 2個科學教
師進行深入研究。從學期初開始收集陳老師(地球科學)和林老師(生
物)的課室錄影與教師晤談資料以了解課室規範的動態改變過程。資
料分析以相關文獻對探究教學提出的概念架構為基礎，從引導
(guidance)和認知(cognitive)面向來分析並描述不同類型的課室規
範。結果顯示兩位教師使用不同的教學策略協助學生以科學探究思
維的方式進行對話。分析歸納出三種課室規範。第一種為explicit
inquiry-oriented classroom norm。此課室規範的形成起始於一個
與科學探究過程相關的問題，如有什麼證據支持你的說法。接著
，學生進行小組討論，再由各組代表發表小組看法。最後老師經由
全班討論精緻化科學解釋。第二種課室規範為角色扮演 (the
simulation role-play classroom norm)。教師要求學生用肢體表
現的方式『敘述』他們的理解。如學生被指定扮演地球等星球，經
由全班討論讓學生藉由移動的方式『演』出他們對週日運動等相關
概念的理解。第三種課室規範 (the cognitive-elaboration
classroom norm)中，教師交替使用全班講解和Q&A與I-R-F-R-F-
…形式的對話引導學生理解科學概念。本研究發展出的分析架構可
幫助分析並描繪不同課室規範的特徵。本研究的結果亦可協助瞭解
科學探究課室規範的樣貌，針對有效形塑探究教學環境相關的議題
提出具體建議，提升職前和在職教師的專業知能與教學品質。然而
，研究結果也點出在營造科學探究課室規範時教師所面臨的一個重
要課題，那就是如何平衡科學知識與科學探究的教學使其能相輔相
成以促進學生科學學習。

中文關鍵詞： 科學探究、話語分析、探究式教學、課室規範

英 文 摘 要 ： Developing inquiry abilities is one significant core
ability emphasized in the 12-year curriculum for Basic
Education in the domain of Sciences. With the
implementation of a new subject named Inquiry and Practice-
based Learning, more opportunities are created so that
students can develop inquiry abilities through
participating scientific inquiry and problem solving. The
study argues that to successfully promote scientific
practices, it is critical to engage students in inquiry-
based conversations. Specifically, the study explored how
teacher used discourse and arranged classroom interactions
to shape different types of classroom norms and discussed
how the norms may be consequential for inquiry and
conceptual learning.



A qualitative case study methodology was adopted. Data were
generated from videotaping a semester-long, two Grade 10
science classrooms. One is Mr. Chen’s earth science
course, and the other is Ms. Lin’s biology course. A two-
dimension framework (guidance and cognitive dimensions)
modified from previous research formed the basis of the
discourse analysis. The analysis showed that the semester-
long science lessons presented a spectrum of classroom
inquiry. The teacher integrated a variety of communicative
approaches to engage students in inquiry-based
conversations. Three typical classroom norms were
identified. The first is the explicit inquiry-oriented
classroom norm. The establishment of the norm started with
a question explicitly related to the process of inquiry,
such as what evidence you used to support the reasons.
Students discussed these questions in groups. Then, the
representative students expressed group ideas, and a whole-
class discussion approach was adopted to guide and refine
students’ explanations. With the second norm, the teacher
engaged the students in role-play and required them to
perform their understandings using body languages. For
example, the students were assigned to be the twelve zodiac
constellations and the earth. Then, through whole-class
discussions, the students were asked to “play” the
movements of the celestial bodies and to make meaning of
the concept of diurnal motion. The third classroom norm
highlighted conceptual understandings. Usually, the teacher
intertwined a short whole-class instruction with whole-
class discussions or Q&A using I-R-F-R-F-… pattern to
guide, scaffold, and refine the students’ understandings.
The framework developed in the study helped understand and
characterize inquiry classroom norms. The findings provide
useful suggestions about how to integrate different
communicative approaches to establish a culture of inquiry
over time in a normal science classroom setting. Moreover,
they disclose constraints and possibilities to establish
classroom inquiry in everyday science lessons and raise
significant issues about how to redesign science learning
environments that can best provide reciprocal benefits of
conceptual learning and epistemic learning.

英文關鍵詞： discourse analysis, scientific inquiry, inquiry-based
teaching, classroom norms



 1 

 
科技部補助專題研究計畫成果報告 

（□期中進度報告/¢期末報告） 

 

探究式教學的課室規範形成之初探 
Exploring the formation of inquiry classroom norms in school 

science 
 
計畫類別：¢個別型計畫   □整合型計畫 
計畫編號：MOST106－2511－S－003－005－ 
執行期間：106年 01月 01日至 107年 06月 30日 

 
執行機構及系所：國立台灣師範大學 科學教育研究所 

 
計畫主持人：方素琦助理教授 
共同主持人： 
計畫參與人員： 

 
本計畫除繳交成果報告外，另含下列出國報告，共 _1_ 份： 
□執行國際合作與移地研究心得報告 
¢出席國際學術會議心得報告 
□出國參訪及考察心得報告 

�

�

�

�

�

�

�

中 華 民 國 107年 08月 30日 
�
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中文摘要 

探究能力的培養是十二年國民教育自然科學領域課程綱要中強調的自然科學核

心素養。課綱內容不但明確指出科學教育需提供學生探究學習、問題解決的機會以培

養探究能力。在課程規劃上更新設探究與實作科目以期能促成此目標的實現。然而，

探究式教學不僅是課程內容的轉變，教師在課室中的教學引導方式對於探究式教學的

成功與否扮演了關鍵的角色。本研究聚焦於科學教師在課室中的教學引導方式，分析

科學教師如何利用論述(discourse)建立教學的課室規範(classroom norms)並探討這些

規範如何對學生科學概念及探究的學習產生影響。本計畫使用質性個案研究法，針對 

2個科學教師進行深入研究。從學期初開始收集陳老師(地球科學)和林老師(生物)的課

室錄影與教師晤談資料以了解課室規範的動態改變過程。資料分析以相關文獻對探究

教學提出的概念架構為基礎，從引導(guidance)和認知(cognitive)面向來分析並描述不

同類型的課室規範。結果顯示兩位教師使用不同的教學策略協助學生以科學探究思維

的方式進行對話。分析歸納出三種課室規範。第一種為 explicit inquiry-oriented 

classroom norm。此課室規範的形成起始於一個與科學探究過程相關的問題，如有什

麼證據支持你的說法。接著，學生進行小組討論，再由各組代表發表小組看法。最後

老師經由全班討論精緻化科學解釋。第二種課室規範為角色扮演 (the simulation 

role-play classroom norm)。教師要求學生用肢體表現的方式『敘述』他們的理解。如

學生被指定扮演地球等星球，經由全班討論讓學生藉由移動的方式『演』出他們對週

日運動等相關概念的理解。第三種課室規範 (the cognitive-elaboration classroom norm)

中，教師交替使用全班講解和 Q&A 與 I-R-F-R-F-…形式的對話引導學生理解科學概

念。本研究發展出的分析架構可幫助分析並描繪不同課室規範的特徵。本研究的結果

亦可協助瞭解科學探究課室規範的樣貌，針對有效形塑探究教學環境相關的議題提出

具體建議，提升職前和在職教師的專業知能與教學品質。然而，研究結果也點出在營

造科學探究課室規範時教師所面臨的一個重要課題，那就是如何平衡科學知識與科學

探究的教學使其能相輔相成以促進學生科學學習。 

 

關鍵字：科學探究、話語分析、探究式教學、課室規範 
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Abstract 

Developing inquiry abilities is one significant core ability emphasized in the 12-year 
curriculum for Basic Education in the domain of Sciences. With the implementation of a 
new subject named Inquiry and Practice-based Learning, more opportunities are created so 
that students can develop inquiry abilities through participating scientific inquiry and 
problem solving. The study argues that to successfully promote scientific practices, it is 
critical to engage students in inquiry-based conversations. Specifically, the study explored 
how teacher used discourse and arranged classroom interactions to shape different types of 
classroom norms and discussed how the norms may be consequential for inquiry and 
conceptual learning. 

A qualitative case study methodology was adopted. Data were generated from 
videotaping a semester-long, two Grade 10 science classrooms. One is Mr. Chen’s earth 
science course, and the other is Ms. Lin’s biology course. A two-dimension framework 
(guidance and cognitive dimensions) modified from previous research formed the basis of 
the discourse analysis. The analysis showed that the semester-long science lessons 
presented a spectrum of classroom inquiry. The teacher integrated a variety of 
communicative approaches to engage students in inquiry-based conversations. Three 
typical classroom norms were identified. The first is the explicit inquiry-oriented classroom 
norm. The establishment of the norm started with a question explicitly related to the process 
of inquiry, such as what evidence you used to support the reasons. Students discussed these 
questions in groups. Then, the representative students expressed group ideas, and a 
whole-class discussion approach was adopted to guide and refine students’ explanations. 
With the second norm, the teacher engaged the students in role-play and required them to 
perform their understandings using body languages. For example, the students were 
assigned to be the twelve zodiac constellations and the earth. Then, through whole-class 
discussions, the students were asked to “play” the movements of the celestial bodies and to 
make meaning of the concept of diurnal motion. The third classroom norm highlighted 
conceptual understandings. Usually, the teacher intertwined a short whole-class instruction 
with whole-class discussions or Q&A using I-R-F-R-F-… pattern to guide, scaffold, and 
refine the students’ understandings. The framework developed in the study helped 
understand and characterize inquiry classroom norms. The findings provide useful 
suggestions about how to integrate different communicative approaches to establish a 
culture of inquiry over time in a normal science classroom setting. Moreover, they disclose 
constraints and possibilities to establish classroom inquiry in everyday science lessons and 
raise significant issues about how to redesign science learning environments that can best 
provide reciprocal benefits of conceptual learning and epistemic learning. 

 
Keywords: discourse analysis, scientific inquiry, inquiry-based teaching, classroom norms 
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一、前言 

Ever since Schwab (1962) argued that school science should correctly represent science 
as what and how it is actually practiced by scientists, the concept of inquiry has been, and 
continues to influence science education over the past fifty years (Bevins & Price, 2016). In 
correspondence with the worldwide trend in science education reforms, the updated standards 
in Taiwan, 12-year curriculum for Basic Education in the domain of Sciences, also highlights 
the significance of inquiry. Specifically, the new curriculum emphasizes that, in addition to 
guiding students’ learning of the core ideas in science subjects, we should create learning 
environments that can support students practicing scientific inquiry and solving problems. 
Through the process of enculturation in terms of a culture of inquiry, students are expected to 
gradually develop scientific thinking, scientific attitudes, and inquiry abilities during 
schooling (Ministry of Education, 2016). To involve students in inquiry-based learning, 
however, not only the curriculum, lesson plans or learning activities need to be designed as 
inquiry-orientated, how science teachers enact, including questioning, responses to students’ 
needs, and the conscious and unconscious decisions teachers make during the lessons, all 
impact on how a science lesson unfolds. In other words, science teachers’ teaching practice 
plays a pivotal role in creating learning environments for scientific inquiry.  

Undoubtedly, a culture of inquiry in science classrooms will not be shaped and formed 
overnight. It takes time for the teacher and students to constantly negotiate and balance 
between the degree of openness given for students to explore and make their own decisions 
and the amount of guidance the teacher provides for assisting students’ learning (J. Chang & 
Song, 2016). In review of relevant literature, however, it appears that there were studies 
exploring teachers’ questioning strategies (e.g. Gillies, Nichols, Burgh, & Haynes, 2014; 
Oliveira, 2010) and teachers’ enactments or implementations of inquiry-orientated curricula 
(e.g. Hmelo-Silver, Liu, Gray, & Jordan, 2015; Looi, Sun, Seow, & Chia, 2014; Puntambekar, 
Stylianou, & Goldstein, 2007). Little attention has been paid to the issue of how a culture of 
inquiry, i.e. inquiry classroom norms, is shaped or can be better formed in everyday science 
classrooms. In order to provide useful suggestions for successfully establishing inquiry 
classroom norms, this study is intended to take a longitudinal perspective to explore and 
characterize the types of inquiry classroom norms being formed in science classrooms. 

 

二、研究目的 

Scientific inquiry has been continuingly emphasized in world-wide educational reforms. 
The current curriculum reform in Taiwan: 12-year curriculum for Basic Education, is not an 
exception. Previous studies have suggested using instructional models (e.g. project–based 
learning) and infusing educational technology into instructional design (e.g., simulations) to 
engage students in inquiry activities (e.g. H.-Y. Chang, 2013; Hmelo-Silver, Duncan, & 
Chinn, 2007; Krajcik, Czerniak, & Czerniak, 2007). However, relatively little research 
provided insights into teachers’ practical knowledge (van Driel, Beijaard, & Verloop, 2001) 
about how to use classroom discourse to create a culture of inquiry in science classrooms. 
The formation of a culture of inquiry in science classrooms is crucial in inquiry teaching and 
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learning because these norms help ensure undistorted implementations of the inquiry 
curricula and maximize the effectiveness of inquiry learning. 

The aim of the study, therefore, is to contribute to teachers’ practical knowledge about 
inquiry teaching. By means of longitudinal observations of authentic classrooms, the study is 
intended to develop a framework to analyze and depict the types and characteristics of 
inquiry classroom norms. The inquiry classroom norms identified in this study will provide 
useful suggestions for establishing a culture of inquiry in everyday science classrooms. 

 
三、文獻探討 

The conceptual framework of the study, drawn from sociocultural theories of learning, 
places a strong emphasis on the two premises: (1) learning takes place through linguistic 
interactions in a community, and (2) discourse plays a significant role in mediating learning 
(Lave & Wenger, 1991; Vygotsky, 1978). 

 

Learning as participation 

The concept of situated learning by Lave and Wenger (1991) connects learning to 
participation of communities of practice. This perspective puts emphasis on social nature of 
learning that perceives learning as participating social interactions within the context of a 
community (Enyedy & Goldberg, 2004). This notion lays a conceptual foundation for the 
study. More precisely, the study believes that the ways teacher arranges activities and 
discourse in science classrooms have profound impacts on how students come to learn and 
understand science (Enyedy & Goldberg, 2004; Lemke, 1990; White & Frederiksen, 1998). 
Thus, the study intends to develop a framework for categorizing and understanding how 
sociolinguistic activities are arranged in science classrooms, how students respond to the 
arrangements, and how the interplay between the arrangements and responses might help 
shape inquiry classroom norms. 

 

Discourse in science classrooms 

Inquiry in science classrooms needs guidance. Teacher’s discourse is crucial for 
scaffolding and supporting students making meaning of science concepts and developing 
inquiry abilities (Hmelo-Silver et al., 2007; Lee & Songer, 2004; van der Valk & de Jong, 
2009). How verbal interactions between teachers and students and among students are 
arranged may provide a window into students’ engagement in inquiry (Jin, Wei, Duan, Guo, 
& Wang, 2016). 

According to Lemke (1990), science talk in science lessons can be categorized into two 
dimensions: organizational and thematic. The organizational dimension concerns the 
interactive patterns being arranged in the classroom. That is, when students can speak, and 
who is allowed to pose or answer questions. The patterns or the arrangements of the 
interactions are shown to have consequences for how science is presented and learned in 
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classrooms. For example, during whole-classroom discussions, we often see interactive 
patterns being formed by some variation in the combinations of the triadic dialogue: teacher 
initiation (usually posing a question), the student responds (with an answer), and the teacher 
evaluates the answer. This is generally referred to the initiate–response–evaluate (IRE) 
pattern (Mehan, 1979). Previous research suggested that the IRE pattern helps maintain the 
authority of the teacher and assure that the content being taught can be related to the students 
(Lemke, 1990). Relevant studies also demonstrated that this type of interactions appeared to 
prompt students to provide low-level thinking responses. Using the IRE pattern, the teacher is 
likely to be modeled as an active problem-solver, whereas the students are seen as passive 
receivers of the teacher’s instruction (Gillies et al., 2014). 

The second dimension, i.e., the thematic pattern, means the ways that scientific content 
is built in the lesson. Through combining and structuring words in scientific ways, science 
talk helps mediate and construct the meanings of the content shared by teacher and students 
(Lemke, 1990). Mortimer and Scott (2003) used three essential phases to elaborate on the 
process of building the scientific content. First, “the teacher must make the scientific ideas 
available on the social plane of the classroom” (Mortimer & Scott, 2003, p. 17). During the 
first phase, the teacher introduces new concepts, helps students to make connections between 
their prerequisite knowledge and the new concepts and to understand how these concepts 
play a role in the conceptual system. Second, “the teacher needs to assist students in making 
sense of, and internalizing, those ideas” (Mortimer & Scott, 2003, p. 20). This phase involves 
continuing monitoring students’ ideas and constantly examining to what extent the students’ 
understandings are inconsistent with the intended scientific ideas. The third phase provides 
opportunities for the students to apply and demonstrate what they have just learned. From a 
more supportive and guided learning environment to a more independent and self-regulated 
setting, from familiar situations to unfamiliar contexts, it is expected that students can 
gradually take the responsibility to make decisions or solve problems in relevant fields. 

 

Inquiry-based teaching 

Analogous to Lemke’s categorizations of science talk, Duschl (2008) and Furtak, Seidel, 
Iverson, and Briggs (2012) proposed a framework to define inquiry-based science teaching. 
This framework has two dimensions: guidance and cognitive dimension. Regarding the active 
role students play in constructing their own understandings in inquiry-based environments, 
the guidance dimension refers to “what is left open to students to define or provided by 
teacher or curriculum” (Furtak et al., 2012). Importantly, this dimension sees inquiry-based 
teaching as a continuum of guidance from traditional teacher-led instruction to student-led, 
discovery inquiry (see Figure 1), and concerns the ways of organizing students in 
inquiry-based lessons. That is, for example, when and how often teachers use whole-class 
instruction, organize group work, decide to intervene and provide guidance, and allow 
students to work on their own. 
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hands-on activities where students manipulate materials and collect their own data, 
independent of engaging in the process of evaluating the data they collected.

Guidance Dimension of Inquiry
In addition to the cognitive demands placed on the student as defined earlier, 
another feature of reform-based science teaching is a constant series of transitions 
of responsibility for learning from the teacher to the student, and then back to the 
teacher. Rather than being passive recipients of scientific knowledge, students in 
inquiry-based lessons are actively engaged in constructing their own understand-
ings. Guidance in science education is often characterized as varying with respect 
to what is left open to students to define or provided by the teacher or curriculum 
(Schwab, 1962; Shulman & Tamir, 1973). The NRC’s Inquiry and the National 
Science Education Standards defined a continuum of directedness across the 
“essential features” of inquiry, varying across the extent of learner self-direction 
and direction from the teacher or materials (NRC, 2001, p. 29).

Thus, the guidance dimension of inquiry distinguishes between reform condi-
tions in which the teacher or student leads the activity. In this way, inquiry-based 
teaching can be thought of as part of a continuum of guidance. This continuum is 
bordered on one end by traditional teacher-led instruction in which the teacher 
tells students the answers they are expected to learn. At the other end of the con-
tinuum, students lead the activity, an approximation of discovery learning. We 
recognize a middle ground of teacher-guided inquiry in which the teacher actively 
guides students’ activities in a reform-oriented science lesson (Figure 1).

Method

The purpose of this review is to compare and contrast the effects that have been 
found for inquiry-based teaching as a function of the different dimensions we have 
defined earlier. The sections that follow will describe in detail our literature search 
methods and selection criteria, coding process, and meta-analytic procedure.

Literature Search Methods and Selection Process

This article was developed as an extension of a larger meta-analysis (Seidel & 
Shavelson, 2007) that explored the effects of different teaching interventions on 
student learning across disciplines. The sample of studies selected for the present 
meta-analysis began with the subset of studies from that previous report, which 
were conducted in science education, and extended that sample with additional 
search terms and years of publication.

We chose to focus upon the effects of inquiry-based teaching during the 10 
years following publication of the National Science Education Standards (NRC, 
1996), a time period during which the reform spotlight was intensely focused upon 

Teacher-Led, Traditional
Instruction

Teacher-Guided Inquiry Student-Led Inquiry
(Discovery)

FIGURE 1. Continuum of guidance in inquiry-based science teaching reforms.
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Figure 1 Continuum of guidance in inquiry-based science teaching reforms (Furtak et al., 
2012, p. 306)  

 

The cognitive dimension of inquiry-based science teaching is conceptualized with three 
domains: conceptual, epistemic and social domain. The conceptual domain is associated with 
the content knowledge in science. The epistemic domain pertains to the knowing of how 
scientific knowledge is generated and how it is different from non-scientific knowledge. The 
social domain, in contrast, deals with students’ collaborative and communicative processes 
when involving in various scientific practices.  

Lemke’s categorizations of science talk, and the two-dimension framework of 
inquiry-based teaching by Duschl (2008) and Furtak, Seidel, Iverson, and Briggs (2012) 
underpin the conceptual framework of classroom norms in the study. The proposal adopts the 
cognitive dimension with three domains, as the cognitive aspect of classroom norms, to 
analyze, categorize and describe the teaching practices we studied. In particular, the teacher’s 
science talk that aimed to support students’ clarification or construction of conceptual 
knowledge will be coded in the conceptual domain.  

The discourses that emphasize the epistemic framework by which scientific knowledge 
is generated and that guide students to apply the epistemic framework to reason and make 
meaning of science are both incorporated in the epistemic domain.  

The teacher discourse falling into the social domain shows the intentions to encourage 
communications and exchanges of scientific ideas or to make students’ ideas public. In 
addition to the guidance dimension suggested by Furtak, Seidel, Iverson, and Briggs (2012), 
the study is interested in looking for the interaction patterns being allocated during various 
types of instructions. For example, to explore whether and when the teacher uses IRE pattern, 
also, whether and when other types of interaction patterns are used in enhancing or 
prohibiting the establishment of inquiry classroom norms. In sum, the study includes these 
two aforementioned components (guidance dimension and interaction patterns) as the social 
aspect of classroom norms. 

 

Scientific/Inquiry classroom norms 

Previous studies have stressed that teacher plays a significant role in guiding and 
supporting students’ inquiry practices (Crawford, 2000, 2007; Jones & Eick, 2007; Lucero, 
Valcke, & Schellens, 2013; Seung, Park, & Jung, 2014). However, the studies aligning in the 
research line also pointed out that teaching as inquiry is indeed challenging and demanding. 
The study by Crawford (2000) indicated that teacher needs to play various roles as a 
motivator, diagnostician, guide, innovator, experimenter, researcher, modeler, mentor, 
collaborator and learner in inquiry teaching. In addition to identifying teacher’s roles, 
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previous research also looked into teacher’s teaching practice more closely about how 
teachers proposed questions (Gillies et al., 2014; Oliveira, 2010) and set the classroom 
culture (Hmelo-Silver et al., 2015; Maskiewicz & Winters, 2012) in inquiry-based settings. 

The implementation of inquiry-based curriculum does not necessarily ensure or 
promote students’ engagement in desired inquiry practices (e.g. Brown, 1992; Driver, Newton, 
& Osborne, 2000). Often, the scientific norms instituted by teachers are not align with 
inquiry-based teaching, or the students are simply engaged in “doing in the lesson” 
(Jiménez-Aleixandre, Bugallo Rodríguez, & Duschl, 2000). In other words, for successful 
inquiry in science classrooms, it is critical for teachers to establish inquiry classroom norms. 

“Norms can be the connection that mediates between individual and social aspects of 
the classroom” (J. Chang & Song, 2016, p. 748). Depending on different purposes and 
domains, classroom norms were examined in different research fields, such as 
socio-mathematical norms (Cobb & Yackel, 1996) and augmentation norms (Driver et al., 
2000). This study concerned about science-specific norms (J. Chang & Song, 2016) in 
classrooms. In particular, this study attempted to concentrate on the norms emerged in 
science lessons that have impacts on students’ development of inquiry abilities. According to 
Chang and Song (2016), “classroom norms” can be understood through comparisons with the 
concepts of “rule” and “value or belief” (see Figure 2). Norms are regarded as a sense of 
responsibility shared among community members. Compared to rules, norms are perceived as 
a border term and they are followed by internalization rather than external sanctions. 
Moreover, if members think the particular norms are constructive and important, the norms 
can be internalized, and which in turn can become one’s values or beliefs. 

 

Figure 2 A comparison among value or beliefs, rules, and norms (J. Chang & Song, 2016, p. 
5). 

 

Teachers’ beliefs and knowledge about inquiry-based teaching, their knowledge of 
subject matter, and practical knowledge (van Driel et al., 2001) all have influences on 
successful classroom inquiry. In science classrooms, the teacher may unconsciously set 
expectations for students based on their values and beliefs about science teaching. They then 
initiate certain types of interactive patterns through which the climate of the science 
classroom is gradually shaped. It should be noted that not only the teacher’s instruction but 
also the students’ responses contribute to the formation of science classroom norms. Students 

establishment of classroom norms (Schmuck & Schmuck, 1997). Thus, we observed and
recorded every science lesson in March, the first month of the school term in Korea. In the
succeeding months, two or three lessons per month from each chapter focusing on
inquiry-based activities were observed and recorded. The topics for each of the 20
lessons can be found in Appendices 1 and 2.

Data analysis

Re-conceptualization of ‘science classroom norms’
As a first step to analyse science classroom norms, researchers had to extract the nor-
mative behaviours of members from various classroom phenomena. To accomplish this,
the meaning and attributes of classroom norms were identified through theoretical
review. The concept of ‘norms’ has various meanings which differ according to the
researchers’ foci. The term has also been used along with similar concepts such as
value, belief, and rule (Horne, 2001). These similar concepts have slightly different
meanings at different levels. The concept of ‘classroom norms’ could be re-conceptual-
ized clearly by comparing it with the concepts of ‘value or belief’ and ‘rule’ (Chang &
Song, 2015), as shown in Figure 1.

First, norms and rules are distinguishable in various ways based on theoretical perspec-
tives. There are two representative perspectives on the relation between norms and rules in
sociology (Hechter & Opp, 2001). From the first perspective, norms are statements that
govern group members’ behaviours (Horne, 2001). This perspective focuses on the
sense of duty shared among members. Thus, from this point of view, norms are considered
more of a broad term which includes rules. On the other hand, from the second perspec-
tive, norms are distinguished from rules by external enforcement or by internalization
(Horne, 2001). This means that rules are enforced by external sanctions, but norms are
followed with intrinsic value internally.

This study sought to determine how normative behaviours are established and how
they affect students’ classroom participation in collective learning situations for science
lessons in school. This focus of the study deals with the shared norms which class
members try to follow together. We did not explore which norms are enforced with exter-
nal sanctions and which norms are not. In this context, the first perspective described
above was adopted, taking the broad meaning of norms to include rules.

Second, the relations between norms and valueswere verified aswell. Group norms reflect
pursuing values or beliefs of group members, because norms are established based on the

Figure 1. A comparison among values or beliefs, rules, and norms.
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might positively and actively respond to the teachers’ intended classroom norms. In this case, 
after a period of time, students are accustomed to the norms and likely to internalize the 
teachers’ values and beliefs. In contrast, students may enact in the ways that conflict with the 
teacher’s intension. In these circumstances, it takes more time for both the teacher and the 
students to negotiate, communicate and work out balanced and stable classroom norms. 
Indeed, classroom norms are not formed in a short time. It takes time for both the teacher and 
students to meet each other’s expectations and jointly shape the classroom culture.  

During the establishment of inquiry classroom norms, teachers may need to revisit all 
the work for creating inquiry norms over and over again. This type of teaching practice or 
strategies needs to be strengthened so that a culture of inquiry can be created. When the 
classroom norms become stable, it is explicit that the students in this particular class share 
these norms so that they act in certain ways that align with the whole learning community’s 
intension. In other words, the formation of classroom norms is in fact a complex, dynamic 
and prolonged process.  

 

Research questions: 

This study attempted to contribute to teachers’ practical knowledge about inquiry 
teaching. Specifically, we adopted a longitudinal approach to address the three research 
questions: 

1. What are the types of inquiry classroom norms being formed in the science classrooms? 

2. What are the features of teacher discourse that facilitate the formation of classroom 
inquiry culture? 

3. How can the types of inquiry classroom norms contribute to students’ inquiry learning? 

 
三、研究架構 

As described earlier in the section of literature review, the study employed and 
modified Lemke’s categorizations of science talk and the two-dimension framework by 
Duschl (2008) and Furtak, Seidel, Iverson, and Briggs (2012) to form the conceptual 
framework of the study, see Figure 3. I used the framework to analyze, characterize, and 
describe the types of classroom norms being shaped in the two studied science classes.  

In essence, the framework has two aspects: cognitive aspect and social aspect. The 
cognitive aspect focuses on the purposes and the meanings of teacher’s talk and classifies 
teacher discourse into three domains: conceptual, epistemic and social. The social aspect, on 
the other hand, concerns how teacher arranges sociolinguistic activities in terms of students’ 
opportunities to talk and interaction patterns. 
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Figure 3 The conceptual framework of the study 
 

四、研究方法 

Research Methods 
Fundamentally, the study used the case-study method to explore the types of 

classroom norms being negotiated and shaped in two “natural” science lessons over time. In 
classrooms, teachers, students and their mutual interactions created the particular 
phenomenon tied within in a bounded system. To study classrooms, therefore, is to 
investigate a case where the context and phenomenon are inseparable (Merriam, 2009). As 
Yin (2009) stated, a case study is an empirical inquiry that investigates a contemporary 
phenomenon in depth and within its real-life context especially when the boundaries between 
phenomenon and context are not clearly evident. (p. 18) 
 
Participants and Contexts 

Two secondary science teachers were invited to participate in the study. The criteria for 
selecting participating teachers were (1) they have fundamental ideas about scientific inquiry, 
and accept the values of scientific inquiry in science teaching and learning, and (2) they are 
interested in using inquiry-based teaching in their science classrooms. 

Mr. Chen (pseudonym) majors in earth science, and he has a doctoral degree in science 
education. Mr. Chen has taught earth science at senior high school levels for more than 20 
years. He has rich experiences in developing and teaching inquiry curriculum. Recently, he is 
very active in promoting and engaging in-service teachers in teaching for cultivating students’ 
scientific literacy. There were 40 male students in Mr. Chen’s year-10 earth science classroom. 
In general, most of the students were highly engaged in the lessons and responsive to Mr. 
Chen’s questions. 

Ms. Lin (pseudonym) majors in biology, and she also has a doctoral degree in science 
education. Ms. Lin has taught upper secondary biology for about five years when I conducted 

Shape Classroom	
Norms

Teacher	Discourse

Cognitive	Dimension	
1. Conceptual	domain
2. Epistemic	domain
3. Social	domain
Guidance	Dimension	
1. Different	types	of	instructional	

activities (Whole-class	instruction,	
group	work,	individual	work)

2. Interaction	patterns	(IRE,	IRPR,	…)
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the study. She is the mentor teacher supervising students who are interested in conducting 
scientific investigation in the field of biology. She guided the teams of students to scope the 
study, design and conduct experiments, discuss the results and present the findings. Her teams 
have won prices in nationwide science fair in the past years. There were 40 female students in 
Ms. Lin’s year-10 biology classroom. According to Ms. Lin, the students who were intended 
to select and study biology in the future showed enthusiasm and were more responsive to 
teachers’ questions. On the other hand, those students who have decided not to study biology 
in the future were quieter and disinterested in engaging in class conversations. 
 
Data collection 

For analyzing teachers’ discourse in detail and describing and characterizing classroom 
norms, the study used videos to record the two teachers’ science lessons throughout one 
semester. While videotaping, the researcher also made field notes reporting unusual aspects 
of the phenomenon or interesting topics that were worth exploring later. At year 10, earth 
science and biology is taught in two 50-minute lessons per week. All of the lessons in these 
two classrooms were observed and videotaped in the first month. Towards the end of the 
semester, the lessons were observed and videotaped fortnightly. 

Regarding Mr. Chen’s year-10 earth science classroom, there were 31 lessons in this 
semester. 4 lessons were not videotaped due to scheduled school events and pre-service 
teachers teaching practices. For Ms. Lin’s year-10 biology classroom, a total of 34 lessons 
were scheduled in the semester. 8 lessons were not videotaped towards the end of semester 
because it was decided to recoded the lessons fortnightly.  

Both Mr. Chen and Ms. Lin were interviewed in the third month of the semester. The 
purposes of teacher interviews were to understand teacher’s intension of his/her teaching 
practices, including their beliefs, understanding, teaching strategies, and experiences in 
inquiry-based teaching. 
 
Data analysis 
Videos are the major resources of data. I followed the steps to conduct the analysis: 
(1) The video data were fully transcribed. 
(2) Video data were coded based on the conceptual framework of the study. Regarding the 

guidance aspect, students’ participating structures were classified into one of the six 
types (see Table 1): whole-class instruction (WI), whole-class questions and answers 
(WI-Q&A), role play involves the whole class (WI-Role play), whole-class discussion 
(WD), group discussion (GD), and individual work (IW).  

(3) In reference to previous research on discourse analysis (Enyedy & Goldberg, 2004; Jin et 
al., 2016; Puntambekar et al., 2007), the study segmented the episodes into “analyzing 
unit”. More specifically, when involving dialogues like questions and answers, each time 
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the teacher takes the “turn” to guide or prompt the discussion was counted as a coding 
unit (Puntambekar, et al., 2007). In the circumstance like the teacher’s monologue, 
however, a coding unit is set according to the topic involved in the utterances. For 
example, if the teacher changes the topic from atomic structure to chemical reactions, a 
new coding unit is used.  

(4) Each analyzing unit was coded as seen from the cognitive aspect. Table 2 shows the 
coding scheme for the three dimensions (epistemic, conceptual and social dimensions) in 
the cognitive aspect. A chronological presentation of the discourse coding was then 
created graphically. 

(5) The interactive patterns in the Social aspect were further identified. 
(6) For each lesson video, a summary of the classroom norm in terms of the two-aspect 

coding results can be constructed.  
(7) Since the study involves a series of videos throughout a semester, the changing of the 

classroom norms in terms of the two-aspect coding results was further investigated. 
 
 
Table 1 Coding categories in the guidance aspect. 
 Coding categories 

Guidance 
aspect 

WI Whole class instruction: Teacher’s monologue to introduce the 
teaching topics or share experiences related to the topics. 

WI-Q&A 
Whole class questions and answers: Teacher asks closed questions or 
questions with correct answers in order to direct students toward the 
desired conclusion. 

WI-Role 
play 

Whole class role play: Teacher selects students to play the objects (for 
example, the earth and meteors) involved in the intended concepts (for 
example: meteor shower) and guides students to understand the 
phenomenon through questioning and role-playing. 

WD Whole class discussion: Teacher poses open questions to the whole 
class and encourages students to share their ideas. 

GD Group discussion: Students discussed a specific problem or question in 
groups. 

IW Individual learning: Students work on the learning activities on their 
own, for example, reading the textbook and taking notes. 
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Table 2 Coding categories and examples in the cognitive aspect. 

Dimension Coding categories Example 

Conceptual 

DRQ Encouraging deep reasoning questions 

[Lesson 2] What do you think about the order of the three picture (on the slide) according to the 
solar nebular hypothesis? (DRQ) 
[Lesson 15] Why do the volcanos in Iceland explore in this way (that is similar to Mid-ocean 
ridges)? (DRQ)  

PRO 

Prompting students (with closed questions 
or questions with correct answers) to 
channel students’ thinking toward the 
desired direction 

[Lesson 4] We use seismometer to measure earthquakes. 
What did I measure? I got this (showing a seismogram on the slide). 
The seismometer vibrated so I could measure the movements. 
Which direction (right or left) does the time axis lead to? (PRO) Which direction means earlier 
and which one means later? (PRO) 

EXP Giving explanations for scientific concepts 
or terminology 

[Lesson 4] What do we name it when the seismic waves move to the western plain? Magnifying 
effects, we also name it ‘seismic side effects’. Therefore, the ground shakes severely. (EXP) 

SCI-EXP Using scientific terms to interpret 
student’s conceptions 

[Lesson 3] I am going to translate your words (everyday language) into ‘classical Chinese’ in 
terms of ‘scientific language’. The causes of volcanic eruptions do not necessary related to the 
pressure differences between the interior and the exterior. One significant cause is vibration from 
the interior, that is lava flow. During the earlier stage, the temperature in the interior earth is 
higher, so the lava flow is rather stirring. (SCI-EXP) 

CLA Clarifying conceptual meanings of 
student’s words 

[Lesson 3] T: What’s the differences between the vibration of the two houses? 
S: Up-and-down and right-and-left 
T: Which one is up-and-down? Which one is right-and-left? (CLA) 

ELI Eliciting student’s prior knowledge  [Lesson 27] What have you learned about the ways to present relative humidity during junior 
high school? (ELI) 

Epistemic 

Q Asking questions [Lesson 1] Please ask three questions about the photo. You can discuss with your neighbors and 
the three questions need to be related to earth science. (Q) 

I Searching for information 
[Lesson 1] Great! Some have looked for the websites listed in the textbook references. But what 
if you did not use a textbook, how can you find it (the place in the photo)? In other words, what 
are the other ways to find the place in this photo? (I) 

PE Planning an experiment 

[Lesson 6] T: What is delivered through vibration? 
S: Energy. 
T: Energy. Energy is delivered through ‘wave’, OK? Good, so next, how can I measure these 
vibrations? (PE) 
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AD Analyzing data 
[Lesson 4] Please use your phones to search using two keywords. The first is Laomei (��) and 
the second is Guanyin (��). Tell me what information is in common in these two searches? 
(AD) 

H Proposing a hypothesis or making a claim [Lesson 1] So (based on the information we have discussed) where is the place? (H) 
[Lesson 1] Therefore, what are these (bright spots in the photo) based on your deduction? (H) 

E Providing/Using evidence 
[Lesson 2] How do I know that the Earth is formed 4.6 billion years ago? Am I sure about this? 
Am I pretty sure about this? No. I deducted. What evidence did I use to make this deduction? (E) 
[Lesson 3] Where does the vapor go? In the ocean. What’s the evidence to prove it? (E) 

R Reasoning: linking evidence to claim  
[Lesson 2] Why do you think you can obtain evidence in aerolite? (R) 
[Lesson 7] You know that I do not want merely the answer. I want to know the reasons 
underlying it. Think about it! (R) 

E+R Constructing evidence and drawing 
conclusions based on evidence 

[Lesson 1] If you think the place in the photo is America, how to prove that? (E+R) 
[Lesson 5] We have these components (showing on the slide) in the atmosphere during the 
second stage of the earth formation. What happened? Were you there? How do you know this 
has happened? (E+R) 

Social 

QS Questioning about the photo (showing on 
the slide) 

[Lesson 15] Look! What happened here (in the photo)? Volcanic eruptions, volcanic ash, right? 
What would happen if airplanes encounter volcanic ash? (QS) 

IN Inviting different ideas during discussions [Lesson 4] Combine and precipitate. Does everybody agree? (IN) 
[Lesson 2] Your answer is a bit strange. Does anyone have a better answer? (IN) 

SV Surveying students’ ideas 
[Lesson 2] Raise your hand if you support 1-3-2. Raise your hand if you support 1-2-3. (SV) 
[Lesson 3] Which one came first? Raise your hand if you think the left came first. Raise your 
hand if you think the right came first. (SV) 

L Limiting condition [Lesson 1] What if you class had the lesson first. (L) 

CL Asking students to clarify what was just 
said (not related to concept) [Lesson 4] What did you say … the last two words? (CL) 

EC Encouraging students to answer questions [Lesson 26] I will add 5 points to your overall score for the semester if you have the answer 
correct. (EC) The overall score for the semester! OK, you go first. 
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五、研究結果 

Classroom discourse and interactions play a pivotal role in creating a learning 
environment for scientific inquiry. To successfully engage students in inquiry-based learning, 
science teachers not only need to adopt inquiry-orientated curricula, but to engage students in 
inquiry-based conversations. From a longitudinal perspective, the study developed a 
two-aspect framework to explore how a science teacher orchestrated discourse to shape 
inquiry classroom norms by which students were engaged in inquiry thinking and 
collaborative knowledge construction.  

 
1. Classroom norms identified in Mr. Chen’s earth science lessons 

The results showed that the semester-long science lessons presented a spectrum of 
classroom inquiry. The teacher integrated a variety of communicative approaches to engage 
students in inquiry-based conversations. Three typical classroom norms were identified. 

The first is “explicit inquiry norm”, for example, lesson 3 (see Figure 4). 
 

 
Figure 4. Representations of Mr. Chen’s discourse in Lesson 3 
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The establishment of the norm started with a question explicitly related to the process 
of inquiry, such as what evidence you used to support reasons and how you can measure 
vibrations. Students discussed these questions in groups. Then, the representative students 
expressed group ideas, and a whole-class discussion approach was adopted to guide and 
refine students’ explanations. (see Table 3) 
 
Table 3 An excerpt from Lesson 3 (2~24 minute) to exemplify the explicit inquiry–oriented 
classroom norm. 
Time	 Discourse	 epistemic	 conceptual	 social	

0:02.00-
0:02.30	

Please	determine	which	(phenomenon)	photo	might	happen	earlier?	
Raise	your	hand	if	you	think	the	right	happens	earlier.	
Raise	your	hand	if	you	think	the	left	happens	earlier.	 	
OK.	Discuss	with	your	peers,	two	minutes.	Go.	

	 DRQ	 	

Group	Discussion	

0:04.45-
0:05.30	

I	will	divide	the	whole	class	into	two	groups.	Each	group	has	a	
representative	to	talk	about	why	you	think	the	right	or	the	left	might	
come	earlier.	

	 	 	

Group	Discussion	

0:06.11-
0:06.22	

OK.	Raise	your	hand	if	you	think	the	left	happens	earlier.	(more	
students).	Raise	your	hand	if	you	think	the	right	happens	earlier.	(less	
students).	(Some	students	said	wait	a	minute.)	OK,	two	more	minutes.	
Hurry	up.	

	 	 SV	

Group	Discussion	
0:07.30	 (S:	Teacher,	must	there	be	one	happen	earlier?)	 	 	 	

0:07.33-	
0:08.24	

(Smile)	So	I	said	the	third	option	might	exist.	
Please	close	your	textbook.	Someone	opens	the	textbook.	Close	it.	
Even	you	can	find	the	answer	in	the	textbook.	What	I	really	care	is	
your	reasons	to	support	it,	right?	

	 	 	

0:08.25-
0:09.16	

OK,	please	move	to	my	left-hand	side	if	you	think	the	left	happened	
earlier.	Move	to	my	right-hand	side	if	you	think	the	right	happened	
earlier.	
Left.	Right.	Leave	the	middle	row	vacant.	Either	left	or	right!	
(S:	Teacher,	can	I	stand	next	to	you?)	
Do	you	see	which	side	I	stand	now?	(Right-hand	side)	
(S:	Don’t	trust	him.	Trust	yourself.)	

	 	 	

0:09.17-
0:09.28	

Alright,	trust	yourself.	Pick	a	group	representative	to	explain	the	
reasons	why	you	think	the	left	happened	earlier.	 E+R	 	 	

0:09.29-
0:09.55	

�	 Please	listen	to	what	he	is	explaining.	
(S:	It	looks	like	there	are	many	craters	in	the	left	photo,	and	which	
means	the	atmosphere	has	not	been	formed.	That’s	why	there	are	so	
many	craters.	It	seems	that	the	right	photo	has	obvious	volcanic	
mountains	and	air.	Therefore,	the	phenomenon	in	the	right-hand	side	
happened	later,	the	left	photo	happened	earlier.)	A(s)	

	 	 	

0:09.56-
0:11.17	

OK,	these	are	the	reasons	for	the	left.	What	are	the	reasons	for	the	
right?	While	the	Earth	started	to	cool	down,	the	surface	of	the	earth	
started	to	form.	Therefore,	although	there	was	solid	crust,	the	magna	
underneath	was	moving.	Any	question?	But	were	the	volcanic	
mountains	very	high?	NO.	Volcanic	mountains	were	not	high.	Most	of	
the	substances	were	not	that	stable,	but	here	appears	to	be	relatively	
stable.	…	But	this	(the	left	photo)	shows	more	solid	crust	areas,	so	it	
happened	later.	 	

	 EXP	 	

0:11.18-
0:11.22	

(S:	But	the	volcanic	mountains	are	up	to	here	on	the	top.)	(pointing	
the	right	photo)	Q(s)	 	 	 	

0:11.23	 This	is	smoke	from	the	volcanos.	(pointing	to	the	right	photo)	
But	there	are	no	volcanos	here.	(pointing	to	the	left	photo)	 	 	 	
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0:11.37-
0:11.44	 (S:	Is	this	water	down	there	in	the	right	photo?)	Q(s)	 	 	 	

0:11.45-
0:12.15	

But	there	is	much	water	here!	This	is	water!	If	you	claim	that	this	is	
water	(pointing	to	the	right	photo),	this	is	water,	too.	(pointing	to	the	
left	photo)	 	

	 	 	

0:12.16-
0:12.26	

[Students	are	discussing.]	
(S:	But	there	are	flashes	in	the	right	photo.	Did	flashes	happen	during	
later	period?)	Q(s)	

	 	 	

0:12.27	 Why	do	flashes	happen?	 	 DRQ	 	

0:12.28	 (S:	Because	there	were	more	and	more	airs,	then	flashes	happened.)	
A(s)	 	 	 	

0:12.29-
0:12.52	

You	know	that	flashes	also	happen	during	volcanic	eruptions.	
Do	you	all	find	that	until	now	all	the	evidences	are	not…	powerful.	 E	 	 	

Discussion	Continued	

 
With the second norm, for example, lesson 16 (see Figure 5), the teacher engaged the 

students in role-play and required them to “preform” their understandings using body 
languages. For example, the students were assigned to be the twelve zodiac constellations, the 
earth and the sun. Then, through whole-class discussions, the students were asked to “play” 
the movements of the celestial bodies and to make meaning of the concept of diurnal motion.  
 

 
Figure 5. Representations of Mr. Chen’s discourse in Lesson 16 
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The third classroom norm highlighted conceptual understandings, for example, Lesson 
27 (see Figure 6 and Table 4). Usually, the teacher intertwined a short whole-class instruction 
with whole-class discussions or Q&A using I-R-F-R-F-… pattern to guide, scaffold, and 
refine the students’ understandings. 
 

 
Figure 6. Representations of Mr. Chen’s discourse in Lesson 19 
 
Table 5 An excerpt from Lesson 27 (9~16 minute) to exemplify the cognitive-elaboration 
classroom norm. 
Time	 Discourse	 epistemic	 conceptual	 social	

0:08.50-
0:09.06	

OK.	Next,	[Slide:	What	are	the	humidity	expressions	we	often	use?]	
What	did	you	learn	about	humidity	expressions	during	junior	high	
school?	What	have	you	learned	during	junior	high	school?	Have	you	
heard	of	relative	humidity?	 	
(S:	Yes.)	
What	is	relative	humidity?	

	 ELI	 	

0:09.06-
0:09.10	 (S:	Just	like	the	concept	of	saturation.)	 	 	 	
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0:09.11-
0:10.18	

OK,	let’s	use	another	analogy.	Pretend	that	he	has	100%	of	the	
standardized	intelligence	(pointed	to	one	student)	Compared	to	him,	
he	has	only	80%	(pointed	to	another	student).	What	does	this	mean?	
Look,	what	does	relative	mean?	‘Relative’	means	a	ratio.	
So,	the	actual	value	to	the	saturated	value,	OK?	
[Slide:	The	temperature	is	15��the	actual	vaper	pressure	is	10	hPa.	
How	to	determine	relative	humidity?]	 	
The	first	step	is	to	find	out	the	saturated	vaper	pressure.	Look	at	the	
next	slide.	What	is	the	saturated	vaper	pressure?	
(S:	20	hPa)	

	

EXP	
	
	
	
	
	

PRO	

	

0:10.24-
0:11.31	

OK?	
So,	tell	me	how	to	determine	relative	humidity?	This	is	not	a	problem	
for	you,	[Slide:	Relative	humidity	10/17=59%]�	
How	about	the	dew	point?	How	to	determine	the	dew	point?	
Please	read	the	textbook	P.91.	
Move	parallel	to	which	point?	Which	point?	 	
[Slide:	The	dew	point,	Td=8�]	 	
How	to	determine	the	dew	point=8?	Move	parallel,	and	hit	the	
saturation.	Then,	look	at	the	X	axil.	This	is	the	dew	pint.	OK?	 	
Less	than	10	students	nodded	their	heads,	OK?	 	
Who	need	me	to	explain	it	again?	(No	students	raised	hands.)	 	

	

	
	

ELI	
	

PRO	
	
	

EXP	

	
	
	
	
	
	
	
	
	
	

SV	

0:11.32-
0:12.16	

What	is	saturation?	You	can	increase	vaper	or	decrease	temperature.	
The	nature	usually	decreases	the	temperature,	OK?	 	
8��this	is	the	dew	point.	Any	question	so	far?	
What	does	the	dew	point	mean?	The	notes	from	last	week.	
(S:	The	actual……)	
The	actual	vaper	pressure.	The	high	the	dew	point	means	the	more	
vaper	pressure.	What	is	dew-point	deficit?	The	degree	of	humidity	in	
the	air.	Remember	the	two	concepts.	 	

	

	
	
	

EXP	

	

0:12.17-
0:13.12	

So	how	can	we	measure	the	dew	point?	
[Slide:	how	to	measure	how	much	vaper	in	the	air?	Hair	hydrometer]	
This	is	a	hair.	
(S:	Disgusting.)	
Hair	gets	longer	after	absorbing	water,	and	it’s	shorter	when	it	is	dry.	
We	record	its	expansion	and	contraction	length	to	indicate	humidity.	
Disgusting,	isn’t	it?	
But	now,	we	don’t	measure	it	this	way.	What	do	we	do	now?	
[next	slide�Wet-and	dry-bulb	thermometer]	We	use	this.	It’s	named	
wet-and	dry-bulb	thermometer.	This	is	also	a	normal	thermometer.	It	
is	covered	in	water-soaked	cotton	or	gauze,	so	it’s	called	wet-bulb.	
What’s	the	purpose	(to	be	covered	in	water-soaked	cloth)?	The	dry	
bulb	indicates	the	current	temperature.	How	about	the	wet-bulb?	

	

	
	
	
	
	

EXP	
	

	
	
	

	
PRO	

	

0:13.13-
0:13.14	 (S:	To	indicate	the	current	humidity.)	 	 	 	

0:13.14-
0:13.15	 The	current	humidity.	Why	can	it	indicate	the	current	humidity?	 	 	 DRQ	 	

0:13.20-
0:13.25	

(S:	It	can	absorb…)	
It	can	absorb…?	
(S:	vaper.)	
Absorb?	
(S:	vaper.)	
Vaper?	

	 	 	

0:13.26-
0:13.56	

What?	I	just	mentioned	that	the	wet-bulb	is	covered	with…	
water-soaked	cotton,	is	it?	Theoretically,	the	water	evaporates,	the	
temperature	goes	down	during	evaporation,	right?	The	more	the	
temperature	goes	down	means	the	more	the	water	evaporates,	and	
which	indicates	the	air	is	wet	or	dry?	

	

EXP	
	
	

PRO	

	

0:13.56-
0:13.57	 (S:	Dry.)	 	 	 	

0:13.58-
0:15.19	

It	the	atmosphere	is	wet,	it	would	not	evaporate.	The	temperature	
difference	is	small.	OK?	 	
[Slide:	Wet-and	dry-bulb	thermometer:	When	the	moisture	content	of	

	
EXP	
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the	atmosphere	is	not	saturated,	the	wet-bulb	absorbs	water,	absorbs	
heat	and	evaporates.	The	temperature	of	the	wet-bulb	goes	down.	
The	lower	the	humidity,	the	quicker	the	wet-bulb	evaporates,	the	
more	the	temperature	decreases.	The	more	the	differences	between	
the	wet-	and	dry-bulb	thermometer.	On	the	contrary,	the	higher	the	
humidity,	the	less	the	differences	between	the	wet-	and	dry-bulb	
thermometer.]	
So,	let	me	ask	you,	the	differences	between	the	wet-	and	dry-bulb	
thermometer	indicates	humidity,	right?	This	question	often	appears	in	
the	test:	 	
[Have	a	try]	What	is	the	relative	humidity	when	the	dry-bulb	is	27�	
and	the	wet-bulb	is	24.5�?	Also,	what	is	the	dew	point?]	
Have	a	try!	How	to	solve	the	problem.	
[	The	teacher	shows	“the	graph	of	the	dependence	of	the	dew	point	
upon	air	temperature	for	several	levels	of	relative	humidity”	on	the	
next	Slide]	
How	can	you	solve	this	problem	if	I	don’t	give	you	the	table.	So,	what’s	
the	first	step	to	solve	the	problem?	 	

	
	
	
	
	
	
	
	

	
	
	
	

DRQ	
	
	
	

PRO	

0:15.20-
0:15.21	 (S:	Temperature	difference.)	 	 	 	

0:15.22-
0:15.23	 Temperature	difference.	What’s	the	next?	 	 PRO	 	

0:15.24-
0:15.35	 (S:	Check	the	dry-bulb	temperature…)	(unrecorded)	 	 	 	

0:15.36-
0:16.14	

What’s	the	next?	
So,	the	answer	is	82,	between	81	and	82.	There	is	no	big	difference	
between	81	and	82.	

	 	 	

 
2. Classroom norms identified in Ms. Lin’s biology lessons 

In most of the lessons, Ms. Lin used whole-class instruction and whole-class questions 
and answers to engage students in conceptual learning of biology. Her typical lesson was to 
write down well-organized notes, provided explanations, and posed questions to elicit and 
connect students’ prior knowledge or to check students’ understandings. 

Looking at Ms. Lin’s classes from the guidance aspect, the results showed that the 
majority of the classes were whole-class instruction intertwined with whole-class questions 
and answers. As Ms. Lin filled the blackboard, she would leave some individual learning 
time to the students for copying the notes, thinking and digesting the content. Whole-class 
discussion was also used occasionally in this year-10 biology classrooms. 

Ms. Lin’s classes were further analyzed using the cognitive aspect. During whole-class 
instruction, explanation was coded the most frequently, indicating an authoritative, 
non-interactive, content-focused, lecturing style of instruction. Whole-class questions and 
answers normally started with a driving question raised by Ms. Lin. After the students 
responded, usually short answers, Ms. Lin would provide some comments and give more 
prompts to scaffold students’ reasoning and understanding. Moreover, Ms. Lin often invited 
and encouraged the whole class to engage in the conversations after she gave feedback to 
students’ responses. Similar to whole-class questions and answers, whole-class discussions 
also began with a driving question. However, instead of short or correct answers, students 
were encouraged to provide more elaborated explanations.  
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Figure 7. Representations of Ms. Lin’s discourse in Lesson 2 
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Figure 8. Representations of Ms. Lin’s discourse in Lesson 14 
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Figure 9. Representations of Ms. Lin’s discourse in Lesson 29 
 

From the analysis of the nine lessons representing the beginning, middle, and final parts 
of the semester, it is found that the classroom norms in Ms. Lin’s biology classes were 
consistently established and did not change throughout the whole semester. 
 
六、討論 

The analysis of the teacher’s classroom discourse performed in the study aimed for 
characterizing the types of inquiry classroom norms and exploring the changes of the norms 
from a semester–long observations of an earth science classroom. The study developed a 
framework that adopts both the guidance and cognitive dimensions to conceptualize and to 
portray inquiry classroom norms. The findings showed that the semester-long science lessons 
presented a spectrum of classroom inquiry. The distinct features manifested in the guidance 
and cognitive dimensions of the teacher’s classroom discourse shaped different types of 
classroom norms. Three types of inquiry classroom norms were identified, including explicit 
inquiry–oriented classroom norm, simulation-role-play classroom norm, and 
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cognitive-elaboration classroom norm. The guidance and cognitive dimensions of classroom 
norms varied across the beginning, the middle to the end of the semester. When it was 
approaching to the end of the semester, the time spent on whole-class-discussion and group 
discussion decreased significantly, and much of the teacher’s discourse focused on the 
conceptual understanding rather than epistemic thinking. 

This section will first draw on the two–dimensional framework to discuss how the three 
types of inquiry classroom norms created opportunities for epistemic thinking and conceptual 
reasoning. Then, I will also discuss the possibilities and constraints seen from the analysis 
regarding the issue of shaping inquiry classroom norms in everyday classroom. 

 
Learning opportunities created in the three identified inquiry classroom norms 

Explicit inquiry–oriented classroom norm. Unlike previous research that looked into 
classroom discourse in the settings specifically designed for scientific inquiry by means of 
inquiry-oriented curriculum (e.g. Benedict-Chambers et al., 2017; Campbell et al., 2012) or 
empirical investigations (e.g. Manz & Renga, 2017), the study was conducted in a more 
traditional classroom setting where the textbook was the major teaching material to guide 
instruction and learning. Despite the ordinary setting, Mr. Chen used idiosyncratic classroom 
discourse to engage students in epistemic thinking and reasoning. That is, the teacher 
demonstrated a way to set everyday science classroom as a site of epistemic talk 
(Christodoulou & Osborne, 2014). Indeed, critical to the formation of explicit 
inquiry–oriented classroom norm is epistemic discourse, especially the questions to address 
elements of scientific practice. For example, in Lesson 2, Mr. Chen required the students to 
determine where the place was on a picture of a night view from satellite (on the first page of 
chapter one). During conversations, he posed a series of questions: (1) If you think it is in the 
United States, how can you prove it? (2) How do you search for information and prove this is 
the place you claim? (3) Do you have other ways to confirm the place on this picture? (4) 
What key word can you get from the textbook? International Space Station. What is the 
second keyword you are going to use (for the search)? (5) How can you verify your idea? The 
questions drew the students’ attention on obtaining and evaluating information and 
constructing explanations based on evidence, namely epistemic practices. Simply asking 
thought provoking questions cannot lead to productive science learning. Equally essential 
was that Mr. Chan did not restrict conversations by lecturing or directly providing correct 
answers. Instead, he invited and built on students’ ideas, promoted and sustained interactive 
dialogs to evoke and extend students’ epistemic thinking.  

The explicit inquiry–oriented norm identified in the study exemplifies one way to 
engage students in the “dialogic knowledge-building processes” (Duschl, 2008, p. 269), 
moving the core of classroom discourse from the acquisition of scientific knowledge to 
various epistemic practices of science. The formation of the norm created opportunities to 
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enculturate students into the epistemic practices of science and facilitate their understandings 
of scientific practices. As Christodoulou & Osborne (2014) contended that “the nature of 
classroom discourse can be transformed through the use of specific epistemic operations, or 
combination of them, in order to address the various epistemic practices of science and not 
focus solely on the acquisition of actual knowledge” (p. 1294). 

 
Simulation-role-play classroom norm and cognitive-elaboration classroom norm. 

Simulation role–play has long been recognized as an useful strategy to engage and promote 
conceptual understanding and scientific reasoning (Aubusson & Fogwill, 2006). The 
theoretical foundation underlying simulation–role–play is analogical reasoning. As Aubusson 
and Fogwill (2006) pointed out, the successful use of role–play does not depend on a perfect 
match between the analogy and the scientific ideas, it is the negotiating and discussing 
processes of the analogy that helps deepen students’ conceptual understandings. In other 
words, role–play is utilized as an analogy to express and discuss students’ mental models. 
Through the classroom conversations revolved around generating, evaluating and modifying 
the analogy and through the non-threatening, social and enjoyable opportunities being 
provided in the classroom settings, this approach is likely to empower students to develop 
deeper understandings (Aubusson & Fogwill, 2006; Aubusson et al., 1997). 

The term “cognitive-elaboration” is adopted from the study by Hmelo-Silver et al. 
(2015). Their study employed discourse analysis to investigate two teachers’ pedagogical 
approaches when teaching complex systems with representation tools. The findings showed 
that the two teachers’ pedagogical approaches were radically different. One teacher’s teaching 
practices incorporated sociocultural perspective whereas the other teacher, Ms. Merritt, 
worked from a cognitive-elaboration view. Nevertheless, both of the approaches appeared to 
successfully support students’ science learning. The characteristics of the third classroom 
norm identified in the study were found comparable with Ms. Merritt’s pedagogical approach. 
Specifically, the cognitive–elaboration approach is intended to guide students rehearse and 
recite what they know in order to link their prior knowledge to new knowledge and extend 
their understandings. To meet the purposes, the teacher usually engaged the students in 
whole–class Q&A (short–answer–questions) mingled with concept explanations and adopted 
an Initiation–Response–Evaluation (IRE) model during classroom interactions. The 
cognitive–elaboration classroom norm garnered criticism that the recitation and IRE 
communicative model are authoritative in nature and likely to limit students’ opportunities to 
construct meaningful understandings and actively participate in the learning community 
(Mortimer & Scott, 2003; Webb, 2013). However, it is argued that providing coherent 
conceptual content knowledge with structural guidance is actually helpful. While listening to 
the teacher’s explanations, students would compare between their current knowledge and 
what is provided by the teacher, examine the content being presented, and make new 
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connections among these new and existing ideas (Hmelo-Silver et al., 2015).  
Both of the simulation-role-play and cognitive-elaboration classroom norms highlight 

conceptual understanding and/or conceptual reasoning. However, they may offer students 
opportunities to demonstrate their ideas about scientific phenomena with different types of 
discourses (Teresa, 2005). To create a learning environment that valued the application of 
multiple discourses, such as a combination of written, oral and body language, may not only 
support teacher to appreciate various ways students adopted to demonstrate their knowledge 
in science but open opportunities for the development of communicative competences.  

 
Possibilities and constrains of establishing classroom inquiry in everyday science 

lessons 
Apart from characterization and identification of the classroom norms, the analysis of 

the teacher discourse from the guidance and the cognitive dimensions over a semester–long 
period uncovered possibilities and constraints to establish classroom inquiry in everyday 
science lessons.  

One notable change of the classroom norms throughout the semester was that the 
whole–class–discussions and group discussions involved epistemic thinking and practices 
appeared more frequently in the beginning and the middle periods, whereas the whole–class 
instructions mixed with Q&A focusing on conceptual explanations seemed to be the 
prevailing norms during the last part of the semester. Actually, in some of the last lessons, Mr. 
Chen mentioned time constraints and that he might have to schedule one or two extra lessons 
to finish teaching of the content. Since discussions on epistemic thinking and practices take 
time, it is speculated that the considerable decline of the time on the 
explicit–inquiry–classroom–norm might be due to the teacher’s pressure to cover the 
tightly–packed curriculum before the final school-level examination in a limited time. A 
comparison between the elements of scientific practices presented in the teacher’s discourse 
(i.e. the epistemic domain) and the eight scientific practices stated in the NRC Framework 
(National Research Council, 2012) underlined the limitations of using epistemic talk in a 
traditional textbook-curriculum classroom setting. The analysis showed that the teacher’s 
epistemic talk was stressing on certain types of epistemic practices, such as constructing 
explanations, engaging in argument from evidence, and obtaining, evaluating, and 
communicating information. There were only a little epistemic talk related to asking 
questions and planning investigations, and the other scientific practices like developing and 
using models, carrying out investigations, analyzing and interpreting data, using mathematics 
and computational thinking, were hardly used. In other words, although a traditional 
textbook–based curriculum science classroom can be utilized as a site for epistemic talk, the 
context itself is insufficient to provide students opportunities for experiencing a more 
complete process of scientific inquiry practices. Designed inquiry-based settings such as 
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empirical investigations or computer-supported inquiry learning environments need to be 
incorporated into the curriculum concurrently so that students can be engaged in the full 
range of discourse acts to assist epistemic practices of science. 

Analyzing and seeing classroom norms from a longitudinal perspective help portray 
and understand science teaching practices at different grain-size levels. The analysis of the 
teacher discourse at the microscopic level provides insights into teachers’ use of 
communicative approaches to facilitate scientific practices in science instruction. The 
investigation of the cognitive and the guidance dimensions of teacher discourse over a 
semester-long period, on the other hand, offers an extended perspective on teaching practices 
at the curriculum level. A spectrum of classroom inquiry norms presented in the analysis of 
the studied earth science classroom reflects the fact that teaching practices are confined and 
shaped by the layers of educational and social environments. However, seeing teaching 
practices as a spectrum of classroom inquiry norms might open up new possibilities to 
promote classroom inquiry in everyday science classrooms. As Duschl (2008) contended that 
“conceptual and epistemic learning should be concurrent in science classrooms, situated 
within curriculum, instruction, and assessment models that promote the development of each 
(p. 278). Regarding instruction, this means that teacher discourse in the conceptual and 
epistemic domains are both important, as well as teacher questions in the open–ended and the 
close–ended forms. Despite that open–ended, student–centered questions are more likely to 
encourage students to provide elaborated and sophisticated responses and to facilitate 
higher–level thinking, it should not be overlooked that close–ended, teacher–centered 
questions serve critical cognitive functions such as supporting student to evaluate their own 
understandings in science inquiry discussions (Oliveira, 2010). Similarly, the curriculum 
design that best supports students’ learning of science does not suggest dismissing conceptual 
learning or replacing it all with epistemic learning. Rather, to arrange a variation of inquiry 
activities (NRC, 2000) and to engage students in a spectrum of inquiry classroom norms 
throughout a whole semester or semesters may best support student science learning where 
conceptual and epistemic learning can reinforce each other and mutually establish each other. 
Therefore, instead of restraining cognitive–elaboration classroom norms or close–ended, 
teacher–centered questions, educational researchers should aim their efforts at helping 
teachers to better understand the roles different types of questions and various classroom 
norms play in science leaning, and to redesign science learning environments that can best 
provide reciprocal benefits of conceptual learning and epistemic learning. 
 
本篇報告大部分內容已投稿至 Science Education 
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一、 參加會議經過 

Flying to Europe is always a long-distance trip. This time to Dublin, Ireland was not an exception. 

It took me almost 24 hours to fly to Dublin, stopping by Hong Kong and Doha. I arrived Dublin in the 

early morning and the B&B was not ready for check-in yet. Though exhausted, I took bus to the city and 

started my very first adventure in Dublin city. Compared to Taipei, the summer weather in Dublin is 

much more comfortable. After raining, it felt like winter in Taipei. River Liffey goes through the heart of 

Dublin city, and the bridges crossed the river make the characteristic scene of Dublin city. I checked out 

the conference venue on the map, had a good rest the first night and prepared myself for the 5-day 

ESERA conference.  

 

二、 與會心得 

Below are my notes of some impressive plenary talks or sessions. 
8/21 (Mon) Paper Session1: Teaching-Learning Sequences as Innovations for Science Teaching and 

Learning  

Imagination and problem solving in a project-based learning intervention 

This study adopted design-based research design to investigate (1) the effects of the PBL intervention on 

teachers’ use of scientific practices recognized in NGSS, (2) to what extent the PBL intervention increased 

students’ reported use of imagination and solving problems with multiple solutions, and (3) how scientific 

practices related to students’ conceptions of their use of imagination and solving problems with multiple 

solutions. Based on the findings, the study concluded that students developed more models and planned 
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investigations, and used their imaginations and solved problems with multiple solutions more during the 

PBL intervention. These increases were closely related to the scientific practices teachers used during the 

intervention. The PBL intervention not only encouraged teachers using scientific practices but also 

promotes students’ use of creative thinking and problem-solving. 

 

Model for supporting teachers in designing and using project-based learning curricular materials 

In order to address the need for high quality professional development (PD), this study proposed a model to 

improve the effectiveness of PD. This model includes several features: content focus, active learning, 

coherence with learning goals, sufficient duration and collective participation. Based on their findings, the 

study suggested a revised model (as shown below), and which is a good model for PD related research. 

 
 

8/21 (Mon) Paper Session2: Learning Science: Cognitive, Affective, and Social Aspects 
Investigating the interaction between science reading and note taking, Chia-Hui Cheng, Fang-Ying 

Yang, Graduate Institute of Science Education, National Taiwan Normal University, Taipei, Taiwan 

 
I attended Chia-Hui’s presentation, because she was in my class last year and I would like to cheer her up 

and take photos during her presentation. Her study used eye-tracking method to investigate the interaction 

between science reading and note taking. 
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8/22 (Tue) Invited Journal Symposium: Publishing chemistry education research and evidence-based 

practices with CERP 
Development and validation of an instrument to measure understanding of nano 

This research had a comprehensive content analysis of the concept of nano, and which provides good 

resources for teaching. 

Nano properties Traditional Science Concepts 
Counterintuitive size-dependent properties Relative size, Dispersive adhesion Density 
Extremely high surface-to volume ratios Mechanical adhesion, Density 
Adhesive forces dominate over gravity Van der Waals forces, Relative force magnitudes 
Interactions by shape and adhesive 
complementarity 

Polarity, lock-and-key principle, binding specificity 

Constant random motion in solid-liquid 
systems 

Brownian motion, phase changes, structure of 
matter, self-assembly 

 

Language and the teaching and learning of chemistry 

This study focused on the language used in teaching and learning chemistry. The researcher argued that 

language in teaching and learning chemistry involves multiple facets. Therefore, it is not just about learning 

new vocabulary, it has many more dimensions: technical words and terms, logical connectives, command 

words, readability of texts, argumentation and discourse, non-technical word. This paper also proposed a 

concept related to the knowledge of using the language, named “Pedagogical Scientific Language 

Knowledge” (PSLK) meaning the knowledge of scientific language related to teaching and learning 

chemistry, focusing on different scientific topics and contexts. In the cases being explored, the study 

showed that the teachers were naïve in terms of their knowledge of the teaching methods and 

characteristics of scientific language and to recognize the importance of knowing about language. It also 

seemed that explicit teaching of scientific language is less important. 

 

8/23 (Wed) In-service Science Teacher Education, Continued Professional Development 
The impact of a professional development intervention on teachers’ knowledge of chemical 

equilibrium 

This study used case-study method to investigate (1) the effect of a one day workshop on chemical 

equilibrium on teachers’ understanding of the topic, and (2) the impact of the workshop on their knowledge 

for teaching the topic. Their findings suggested that the workshop had positive impacts on teachers’ 

knowledge and misconceptions of chemical equilibrium. Regarding PCK components, the workshop had 

positive impact on learner prior knowledge but poor outcomes pertaining to conceptual teaching strategies. 

The workshop also had a strong motivating effect on the teachers: 6 teachers completed a comprehensive 

and demanding questions three months later. The study concluded that as long as it has a focused and well-

defined topic, one day workshop can have a medium effect on teacher knowledge. 

 

8/25 (Fri) Symposium Session 4: Digital Resources for Science Teaching and Learning 
Designing Instruction Featuring Socio-Scientific Issues: Taking Advantage of Online Learning 
Environments 
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Chairperson: Ying-Shao, Hsu, National Taiwan Normal University, Taiwan 
Discussant: Nancy Songer, Drexel University, Philadelphia, USA 
S4.4.1.1:  
Promoting group and individual decision-making about water resources using web-based instruction 
Su-Chi Fang, Ying-Shao Hsu 
Graduate Institute of Science Education, National Taiwan Normal University, Taipei, Taiwan 
S4.4.1.2 
Using simulated and real dilemmas to engage students’ socio-scienti c reasoning 
Hsin-Yi Chang, Tzu-Ting Tsai 
National Taiwan University of Science and Technology, Taipei, Taiwan, Kaohsiung Municipal Shin Kuang 
Primary School, Kaohsiung, Taiwan 
S4.4.1.3 
Argument construction to drive inquiry 
Libby Gerard, Jonathan Vitale, Marcia Linn University of California Berkeley, USA 
S4.4.1.4 
Collaborative predictions during inquiry learning: Individual or joint? 
Géraldine Fauville1, Mario Martinez-Garza2, Jonathan Vitale2, Marcia Linn2 1University of Gothenburg, 
Sweden, 2University of California Berkeley, USA 
 

   
Our symposium in ESERA 2017. 

This is the first time I joined and presented in a conference symposium. As the four papers 
presented in the symposium normally involved in a theme, in the case of our symposium, we all 
used WISE (web-based inquiry science environment) and focused on socioscientific issues, the 
audience as well as ourselves could not only discuss relevant issues in a similar context but also 
look at these issues from a broader and deeper perspective. In addition, a discussant plays an 
important role in a symposium. He/she compared and contrasted the papers revolved in theme 
and gave critical suggestions and comments to these papers. In sum, I think joining a symposium 
was a very fruitful experience to me. I have learned a lot from these experienced researchers. I 
really appreciate this opportunity in ESERA 2017 and look forward to presenting in the next 
international conference symposium. 
 

三、 發表論文全文或摘要 
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ABSTRACT 

To prepare citizens to reason about complex, socio-scientific issues such as allocation of water resources, 

this study engaged undergraduates in individual and group decision-making. Using web-based instruction 

featuring simulations, embedded prompts, and reflection questions, 28 students made individual followed by 

group decisions about the location for building a dam. In a culminating activity, they reported their 

decision-making processes to the whole class. Group discussions and presentations were audio and video-

taped and analyzed for multi-disciplinary thinking and compensatory reasoning. 

Students generally used multi-disciplinary thinking individually and all groups drew on information from 

multiple disciplines. Compensatory reasoning in making decisions about a complex issue was infrequent. A 

few individuals used compensatory reasoning to weigh the trade-offs for locating the dam. The groups had 

rich discussions about the problem, yet did not use compensatory reasoning systematically. Students may 

need additional instruction to communicate their individual compensatory reasoning strategies to a group. 

Keywords: socio-scientific issues, decision making, computer supported learning environments 

 

INTRODUCTION 

Complex, socio-scientific issues as the focus of science instruction have potential to prepare citizens to deal 

with contemporary problems (Levinson, 2008). Prior research reveals the challenges of incorporating the 

multiple disciplines necessary to analyze problems such as allocation of water resources. For example, 

Ratcliffe (1997) analyzed collaborative decision making and found that when students were willing to 

contemplate both their own and group members’ perspectives a well-informed discussion ensued. Studies 

comparing multiple contexts illustrate the variety of conceptual understanding and reasoning processes 

students need to successfully address these issues (Grace, Lee, Asshoff, & Wallin, 2015; Lee & Grace, 

2012). They called for combining individual and group reasoning to stimulate consideration of multiple 

viewpoints. Christenson, Chang Rundgren, & Zeidler (2014) investigated the importance of combining 

students with varied prior knowledge in groups exploring complex issues. They called for combining 

students with science and social science backgrounds to improve outcomes. Based on this and related 

research, we investigated individual and group reasoning about a complex socio-scientific issue. We 

combined students with diverse backgrounds who were participating in a general education course. We seek 

to extend findings from precollege instruction to undergraduates.  

 

METHOD 

Participants were 28 undergraduate students enrolled in a general education course. All students participated 

in the three parts of the water resources curriculum. 

First students explored worldwide issues pertaining to water resources, such as global water scarcity and 

water sustainability. Second, each student completed an online Web-based Inquiry Science Environment 

(WISE) unit designed following the knowledge integration framework as homework (Linn & Eylon, 2011). 

The unit introduced decision-making as involving: recognizing the problem, distinguishing among solutions, 
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reflecting on the process, and consolidating ideas. Students used a simulation and online prompts to explore 

the best place to locate a dam to meet the water resource needs of the community (Figure 1).  The WISE 

project guided decision-making by presenting authentic data for location comparison, supporting the process 

of distinguishing among solutions by incorporating visualization tools that simulated the consequences of 

decisions, and prompting students to reflect and consolidate their ideas. 

 

Figure 1. Screenshot of the WISE water resources unit. 

Third, the students worked collaboratively to integrate their ideas. First each group member described their 

own decision-making processes. Then, they discussed, debated and negotiated in order to make a group 

decision. After discussions, each group reported their decision-making process, the aspects of the problem 

that the group valued, and how the group decision was reached. Group discussions and presentations were 

audio and video-taped.   

Analysis of the individual and group decisions followed the methods devised by Christenson et al. (2014) 

and Eggert & Bogeholz (2010). Two indices were developed. Multidisciplinary thinking was determined by 

coding for ideas from natural science, environmental impact, sociology, economics, and ethics. 

Compensatory reasoning was coded as present or absent. Decisions were judged as involving compensatory 

reasoning if they considered multiple criteria. Each student decision was scored on each index. Each group 

decision was also scored on each index. 

 

RESULTS 

In general, students were able to use the decision-making process introduced in the unit. They were able to 

use evidence to compare two alternatives. Students were not able to systematically weigh the pros and cons 

of all the options. 

Multi-disciplinary reasoning was common for individuals and groups. Individual students were likely to 

consider their decisions using two or more disciplines (22 of 28 students, 79%). For science students often 

drew upon concepts or evidence they encountered in the WISE unit to justify their decisions rather than 

making value statements or referring to experiences. Multiple-disciplinary reasoning was evident in all group 

discussions. Some groups added economical and ethical considerations, which were not included in their 
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individual responses. Moreover, in group discussions, the students tended to provide value and experience 

based justifications along with science concepts to substantiate their arguments.  

Compensatory reasoning was uncommon for individuals (12 of 28 students, 43%). Even among students 

used some compensatory approach, only 7 (25%) systematically compared and weighed the pros and cons of 

different locations. These students gave each criterion a weight and used scores to rate each location. Most 

students considered one criterion at a time and eliminated the options that did not meet the criterion. Of the 

16 students using a non-compensatory approach, 11 expressed a preference for a single criterion (69%) while 

the remaining 5 just used a single criterion without justifying their approach (31%).    

The six groups followed unique approaches to decide which location was best. Some groups compared and 

contrasted all the alternatives. None of the groups employed a sophisticated compensatory approach. Three 

groups only considered two options. Three groups used compensatory reasoning. Two groups used an 

elimination approach, applying criteria sequentially. One group examined the pros and cons of two choices 

simultaneously using multiple criteria. All three compensatory groups had rich discussions about their 

individual choices before engaging in group decision-making. In their group decision-making, these three 

groups first excluded the location(s) with safety issues. Then, based on several criteria they identified to be 

important (but not all the criteria), they used simulations to collect evidence about the remaining choices. 

They considered the strengths and the weaknesses of the options, and made group decisions 

idiosyncratically. Often groups adopted the opinion of one member rather than considering the views of all 

the participants. In one group where students showed respect for alternative opinions they also negotiated a 

solution that incorporated several perspectives. Overall, groups were less systematic than the few individual 

students who used compensatory reasoning effectively immediately after studying the WISE unit. 

 

DISCUSSION AND CONCLUSIONS 

This study illustrates the variety and challenges of student reasoning about complex socio-scientific issues. 

In accordance with previous research findings, the study showed that group decisions drew on more 

disciplines than individual decisions. Since participants had varied prior experiences, group members could 

make unique contributions to group decision-making.  

Comparing individual and group reasoning, we found that (25%) of the students systematically implemented 

compensatory approaches individually. None of the groups fully adopted these approaches. One possibility is 

that these students could use compensatory reasoning immediately after the decision-making instruction in 

the WISE unit and were not able to sustain this approach when collaborating with their group members. 

Another possibility, supported by related research, is that the skills of negotiation and compromise necessary 

for group decision making might require additional instruction (Grace et al., 2015; Lee & Grace, 2012; 

Ratcliffe, 1997).   

This research documents the advantages of combining students from multiple disciplines to ensure that a 

variety of perspectives are represented. The study shows that instruction in decision making can help 

students engage in compensatory reasoning. Further research is needed to determine promising ways to 

strengthen student ability to reason about tradeoffs in complex socio-scientific problems. 
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