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ABSTRACT 
 

Since the ratification of the UN Convention on Rights of Persons with Disabilities 

inclusion is on the agenda. In science education inquiry-based learning is, among others, 

recommended to deal with the diversity of students in a classroom. However, teachers 

struggle with the implementation of inquiry-based science education and view 

heterogeneity rather as a burden than an asset.  

Therefore, this research project is dedicated to the teachers‘ scaffolding teaching 

science in inclusive classes. Specifically, within the framework of a qualitative case 

study, the focus lies upon inquiry-based learning environments with different levels of 

openness and structuring and how they can be orchestrated to deal with diverse learning 

needs of all students in one classroom. The research study is conducted in cooperation 

with an inclusive urban middle school (grade 5 to 8), where students with and without 

special educational needs learn together. 

Initially, the article introduces the inclusive school with its specific way and 

challenges – not only the science classes – as inclusion is holistic school development. 

Subsequently, two science formats are particularly focused and contrasted: guided 

inquiry-based chemistry lessons as well as the format Lernwerkstatt (German for 

workshop center), an open inquiry setting. The aim of the Lernwerkstatt is that students 

work self-dependently on their own scientific questions innervated by carefully arranged 

phenomena and materials. 

Using participant observation and videography data were collected in two 8
th

 grade 

chemistry classes and nine Lernwerkstatt classes. Additionally, audio recordings of 

informal conversations with the science teachers are used for analysis, which follows the 

rules of Grounded Theory by Kathy Charmaz. The systematics of Grounded Theory was 
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chosen as it focuses on social phenomena and processes, e.g., teaching processes which 

need to be analyzed to outline inclusive science education. The differences in the 

teachers‘ scaffolding of the open versus the guided setting will be explained. 

 

 

INTRODUCTION 
 

Inclusion is defined as ―a process of addressing and responding to the diversity of needs 

of all learners through increasing participation in learning, cultures and communities, and 

reducing exclusion within and from education. It involves changes and modifications in 

content, approaches, structures and strategies, with a common vision which covers all 

children of the appropriate age range and a conviction that it is the responsibility of the 

regular system to educate all children‖ (UNESCO, 2005, p. 13, original emph.).  

This means, inclusion focuses on the diversity of all students and regards their diversity 

as an asset for learning (Sliwka, 2010). Students can differ in many dimensions, e.g. gender, 

age, ethnicity, culture, socio-economic background, mental and physical abilities and many 

more (Krell, Riedmüller, Sieben & Vinz, 2007). These dimensions can affect language skills, 

interests, prior knowledge, experiences, social skills etc. and are thus present in learning 

contexts. The question is how teachers can successively make the diversity productive for 

learning and the development of the students.  

Since the almost worldwide ratification of the UN Convention on Rights of Persons with 

Disabilities (United Nations, 2006), inclusive schools are politically demanded and 

mandatory. To raise the achievement of all students is an ―ethical imperative‖ (European 

Agency for Development in Special Needs Education, 2012, p. 4). However, the challenge is 

to implement the convention locally. Schools are often not provided with appropriate 

resources and many teachers do not feel educated enough to teach inclusively, especially not 

subject teachers in secondary schools. They rather feel overcharged to cope with individual 

differences in their classrooms (cp. Markic & Abels, 2014). 

The transfer of inclusive teaching principles to subject teaching in secondary schools 

seems to be an enormous challenge. One reason is that inclusion is a profound endeavor; it 

requires holistic school development, collaboration among colleagues and with policy 

stakeholders, evaluation and reflection to ensure an ongoing development, visionary school 

leaders, a support system, professional development etc. (European Agency for Development 

in Special Needs Education, 2012). The single subject teacher is only one, thereby very 

important component contributing to successful inclusion. Another reason is that inclusion is 

linked to normative ideals demanding positive attitudes of teachers towards diversity 

(Avramidis & Norwich, 2002). It is understandably difficult to maintain a positive attitude if 

political decisions, the provision of resources, societal demands or the quality of teacher 

education contradict inclusive school systems. Teachers who, nevertheless, try to meet the 

demands of inclusion have to be praised. 

Models of effective inclusive subject teaching and appropriate ways of professional 

development need to be found and evaluated that maintain the ethical imperative, but 

realistically take the local school systems and their conditions into account. The application of 

factors which have shown to be effective in inclusive teaching (Meijer, 2010), for example, 

cooperative teaching and a clear classroom management, peer tutoring among students and 

heterogeneous grouping as well as problem-based learning strategies with increasing 
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students‘ responsibility, seems to be challenging (Stroh, 2014). The specific practice of 

inclusion at classroom level is not well elaborated (Florian & Black-Hawkins, 2011). The 

culture of certain school subjects almost appears to be incompatible with inclusive principles; 

science seems to be such a subject. This will be elaborated in the next paragraph before a case 

study is introduced, where science education at a school striving to be inclusive is researched 

qualitatively. 

 

 

SCIENCE EDUCATION AND INCLUSIVE EDUCATION –  

TWO INCOMPATIBLE CULTURES? 
 

Science can be thrilling, fascinating, intriguing and challenging. There are science 

teachers, science teacher educators and science education researchers who work intensively 

on maintaining these aspects in school science. The development of science education 

programs perceived as relevant and motivating is on the agenda. But still, school science 

counts as boring, authoritarian, theoretical, difficult and deterrent (cp. Sjøberg & Schreiner, 

2010). Why is that? School science mostly in western countries fails to show its relevance for 

the individuals, potential careers and the society they live in (Stuckey, Hofstein, Mamlok-

Naaman & Eilks, 2013). An expert group of the European Commission concludes that the 

way science is taught is a reason for the decline of interest among students (Rocard et al., 

2007). From the TIMSS video study is known that in German physics classes, for example, a 

teacher-led IRE (initiation – response – evaluation) discourse is a dominant procedure (Seidel 

et al., 2006), which excludes most students from participation. Also reading and writing 

scientific texts are common tasks in science classes, but do not allow for equal learning 

opportunities (Scruggs & Mastropieri, 2007). ―These whole-class approaches usually do not 

provide the possibility to work in one‘s own speed and on one‘s own level of difficulty‖ 

(Markic & Abels, 2014, p. 275). Furthermore, science lessons are often content-focused 

instead of skill-led (Roth, 2009), but the content is not presented as person-related and does 

not become meaningful. Rather an overload of isolated facts is taught that are difficult to 

transfer to everyday life contexts (Gilbert, 2006). This pattern is repeated and rarely reflected 

in the pre-service education of teachers (Wildt, 2003). 

Science education in the traditional way just described has to be considered as 

incompatible with inclusive practice as it cultivates exclusion mechanisms and is rather 

oriented on some students who will maybe pursue a career in science or technology. On the 

contrary, inclusive practice at classroom level demands learning opportunities and settings 

that are ―sufficiently made available for everyone‖ facilitating participation for all (―inclusive 

pedagogical approach‖) instead of using settings that are appropriate for most learners with 

additional differentiation for some (―additional needs approach‖) (Florian & Black-Hawkins, 

2011). Usually in traditional science education, neither the former nor the latter is applied. A 

big challenge is to resist from or change determinist thinking that underpins labelling, 

categorizing and excluding (Hart, Drummond & McIntyre, 2007). 

The inclusive pedagogical approach is more in line with the UN convention than the 

additional needs approach. It even seems to be more suitable and better applicable for the 

situation of classroom/subject teachers who have not been educated to teach students with 

special or additional needs. This means, instead of diagnosing learning needs and developing 
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differentiated measures for some students with the consequence of ability-labelling and 

stigmatization, approaches have to be chosen or enriched that allow learning for all. 

Researchers need to provide convincing evidence these choices have to be based on. Higgins, 

Kokotsaki and Coe (2011) emphasize effective feedback, meta-cognition, self-regulated 

strategies and early intervention as high impact approaches. According to Florian and Black-

Hawkins (2011, p. 821) the inclusive pedagogical approach includes that: 

 

 ―Students choose how, where, when and with whom they learn 

 Teachers create options and consult with each student about how they can help 

 Teachers create the conditions that support students to work with different groups 

 Classroom teacher consults with colleagues including those in learning support to 

share ideas about teaching and learning 

 Students are trusted to make good decisions about their learning.‖ 

 

Feyerer (2007) mentions a range of teaching principles that have shown to foster 

inclusive practice (figure 1). Extending the right hand side means to approach inclusive 

teaching. 

 

 

Figure 1. A range of teaching principles (cp. Markic & Abels, 2014). 

Moreover, activity-oriented, experience-based, interdisciplinary, cooperative, interactive, 

flexible learning settings based on a variety of teaching methods and joint relevant content 

allow for a high amount of self-determination and participation (UNESCO, 2005). These 

principles have to be ‗translated‘ for and applied in classroom practice. 

Also in science education some approaches have the potential to be inclusive pedagogical 

approaches. Inquiry-based learning counts as one of these approaches. It is recommended to 

foster students across the ability range and has shown to be effective on primary and 

secondary level, with girls and boys as well as for low and high achievers (Rocard et al., 

2007). But teachers struggle with the implementation especially in inclusive classrooms. 

Certain conditions have to be considered when implementing inquiry-based science 

education. 
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Inquiry-Based Learning to Reach Compatibility between Science  

and Inclusion 
 

Inquiry-based science education involves all the activities where students come to an 

understanding of scientific concepts and the work of scientists (National Research Council, 

2000). Activities are, among others, posing questions, hypothesizing, collecting data, 

observing, analyzing data, interpreting, presenting and discussing results as well as making 

evidence-based conclusions. The activities do not follow each other linearly; there can be a 

lot of different ways to approach and conduct an inquiry. Using this approach three goals are 

aimed at: to learn scientific content, to learn to do inquiry and to learn about inquiry (Abrams, 

Southerland & Evans, 2008). Cooperation and communication are essential features of 

inquiry-based settings. Depending on their prior knowledge, their experience with this kind of 

learning, social skills and abilities in self-regulated learning, students need more or less 

support and scaffolding to conduct an inquiry (Abels, accepted). 

Often forgotten is, that opportunities have to be created to get used to a new learning 

culture and to acquire the necessary skills to do inquiry and reflect inquiry processes. 

Therefore, the implementation of the inquiry approach has to happen stepwise with a 

successive enrichment of skills. A helpful tool is provided by the levels of inquiry (table 1). 

―Instruction should gradually and systematically move from Level ‗0‘ activities with the 

ultimate goal being some Level ‗3‘ activities‖ (Lederman, Southerland & Akerson, 2008, p. 

32). 

 

Table 1. The levels of inquiry (Blanchard et al., 2010, p. 581) 

 

 Source of the question Data collection 

methods 

Interpretation of 

results 

Level 0: 

verification 

Given by teacher Given by teacher Given by teacher 

Level 1: 

structured 

Given by teacher Given by teacher Open to student 

Level 2: guided Given by teacher Open to student Open to student 

Level 3: open Open to student Open to student Open to student 

 

With each level the responsibility and self-dependent activity of the students are 

increasing while at the same time the direct instruction of the teacher is decreasing. On a level 

0 inquiry instructions are given for every step of the inquiry process, even the results and their 

interpretation are given. The challenge for the students is to replicate the phenomenon and 

manage the handling of the tools. Teachers can use this level to introduce a new topic or new 

devices, to promote manual skills, to foster the comprehension of written instructions, to 

implement prior knowledge or to reduce potential risks. Thus, level 0 is not only appropriate 

for low achievers as earlier studies claimed (cp. Ellis, 1993; Werning & Lütje-Klose, 2007); 

its application depends on the learning goals and the context. Level 0 fosters certain steps of 

an inquiry process and should not be left out. As the opening of the inquiry process begins at 

the back, on level 1 the interpretation of results is done by the students themselves. Level 1 is 

seen as the typical student experiments. The students can learn, for example, ―to document 

observations and interpret them in the team, apply knowledge to come to conclusions and 
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judgments, to justify conclusions with evidence-based arguments or to present and discuss 

results‖ (Abels, 2014b, p. 135). On level 2 the choice and application of methods is 

additionally in students‘ hands while the teacher is providing the question(s) whereas on level 

3 the students work on their own questions of interest and take responsibility for the whole 

investigation process. As the investigations of the groups can develop in very different 

directions, teachers are challenged to structure classroom practice flexibly. Provided materials 

can reduce or increase the number of options to inquire a question. Posing high-level-type 

questions that can be researched in school, i.e. level 3, counts as most difficult for students 

(Hofstein, Navon, Kipnis & Mamlok-Naaman, 2005). Teachers need to reflect with the 

students how to phrase a question which is researchable with the school‘s resources in the 

given time frame. It is easier to carry out a level 3 inquiry when level 1 or 2 investigations 

have taken place before and follow-up questions in the same topic are developed. Martin-

Hansen (2002) calls this ―coupled inquiry‖. 

Not for every student level 3 is the optimal level to be achieved (Blanchard et al., 2010). 

It is recommended to choose the level in accordance with the prior knowledge, skills and 

experience of the students. Especially for students with learning difficulties level 2 is 

recommended as it allows for a balance of openness and structuring (Scruggs, Mastropieri & 

Okolo, 2008). To make an appropriate choice teachers also have to take into account the 

available resources, e.g. personnel support, materials, facilities etc. Especially the transition 

from one level to another has to be structured carefully. Each new skill, e.g. planning and 

carrying out investigations, analyzing data or engaging in argument from evidence should be 

fostered predominantly (Achieve Inc., 2013). However, the increase of levels of inquiry does 

not necessarily implicate an increase of difficulty. For some students level 0 can be more 

puzzling than the creation of questions on level 3. Each level has its own challenges and foci, 

also for teachers scaffolding the process. Each level requires the teacher to be in a different 

role. 

The level-based inquiry approach becomes inclusive when different students get the 

opportunity to work on different levels in the same classroom on the same topic at the same 

time. This is possible by providing supportive materials and individualized scaffolding. 

Starting a level 2 inquiry, for example, means that the teacher phrases the question to be 

investigated. The students plan the inquiry in small carefully selected groups. Teams that 

struggle with the planning process could draw on supportive material, e.g. a prepared material 

table, helping cards with hints on the devices to be used or stated hypotheses, a sketch of an 

experiment setup or a joker to spy on the ideas of another group. The more the process is 

structured the closer it gets to a level 1 inquiry. Nevertheless, the students work on the same 

topic in their zone of proximal development (Vygotsky, 1978). This kind of learning culture 

needs to be implemented carefully (Ahlring, 2000). It has to be normal and assessed 

positively to look for support. This is a significant skill which students and also teachers need 

to develop. 

The case study of Sullivan Palincsar, Magnusson, Collins and Cutter (2001) contributes 

to understand the learning opportunities students get when participating in a guided inquiry-

based setting. All students, also those with special needs, made significant learning gains 

when scaffolded by teachers with advanced strategies, i.e., ―(a) monitoring and facilitating 

student thinking, (b) supporting print literacy, and (c) improving working in groups‖ 

(Sullivan Palincsar et al., 2001, p. 24). ―When instruction is appropriately presented and 

modified, students with learning disabilities are very successful at mastering science content― 
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(Brigham, Scruggs & Mastropieri, 2011, p. 230). The point is that the system has to allow for 

differentiated learning goals which is not always the case. 

An important tool if not the most important one to make an inquiry-based task inclusive 

is scaffolding. Scaffolding can be understood as careful guidance to help students solve 

scientific problems which are located in their zone of proximal development (Furtak, 2008). 

The teachers support the student to reach the next development level. Helpful strategies are, 

for example, ―giving approval, probing learner‘s ideas, structuring task activities, and 

providing general hints or specific suggestions that will help the learner throughout the task. 

Asking questions to the learner and using appropriate (…) materials are other important 

scaffolding tools‖ (van der Valk & de Jong, 2009, p. 832). Van Zee and Minstrell (1997) 

emphasize the ―reflective toss‖ as one way of using questions, whereby teachers give the 

students responsibility for their thinking and initiate deeper thinking processes when 

questions follow students‘ statements. There are more strategies of scaffolding which can 

support inquiry learning. The practices are listed in the following cited from (Abels, 2014b, p. 

135f). Further reading advice is given. 

 

 Teaching mnemonic strategies is effective as students can recall vocabulary and thus 

have more capacity to learn science concepts (Scruggs & Mastropieri, 2000; Scruggs 

et al., 2008; Therrien, Taylor, Hosp, Kaldenberg & Gorsh, 2011).  

 Spooner, Knight, Browder and Smith (2012) identified task analytic instruction with 

systematic prompting and feedback as well as time delay as evidence-based practices 

to support students with disabilities (cp. also Browder et al., 2012). 

 Graphic organizers ―improve the factual comprehension and vocabulary knowledge 

of intermediate and secondary students with LD [learning disability] in science‖ 

(Dexter, Park & Hughes, 2011, p. 210). They also facilitate longer maintenance of 

scientific knowledge (ibid.). 

 Peer-tutoring has shown to be very successful in supporting students with cognitive 

disorders (Jimenez, Browder, Spooner & Dibiase, 2012; Scruggs & Mastropieri, 

2007). 

 Text enhancements, vocabulary learning and other language strategies support a 

diverse student group in comprehending a science concept and conducting an inquiry 

(Bakken, Mastropieri & Scruggs, 1997; Markic & Abels, 2013; Mason & Hedin, 

2011). Word and picture symbol cards were also shown to be supportive (Browder et 

al., 2012) 

 Targeted questioning by teachers or peers helps students to draw inferences and 

come to higher levels of comprehension compared to just providing them the 

knowledge (Mastropieri, Scruggs & Butcher, 1997). 

 Differentiated materials enable students of different achievement levels to work on 

the same topic (Abels & Markic, 2013; Tobin & Tippett, 2013). 

 

Teachers need to clarify the intended development zone of the students and choose the 

quantity and quality of scaffolding accordingly, sometimes before the lesson, sometimes 

spontaneously during classroom action. Scaffolding puts teachers in a different role than 

traditional instruction. They have to endure uncertainty and lack of knowledge to a certain 

extent. Students have to learn that their teachers cannot be omniscient, but support them in 
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acquiring learning strategies. Pre- and in-service education has to provide more learning 

opportunities for teachers in this area so that they can get used to different roles and 

expectations (van der Valk & de Jong, 2009). 

In the next chapter a school is described which uses different levels of inquiry-based 

learning as an inclusive approach to deal productively with the diversity in the classrooms to 

illustrate how the described approaches can be put into practice. Subject teaching will be 

contrasted with an interdisciplinary setting. 

 

 

IMPLEMENTATION OF INQUIRY-BASED LEARNING IN AN INCLUSIVE 

SCHOOL – A CASE STUDY 
 

Before the implementation is explained, a general description of the school is given. The 

school cooperating in the research project at hand is an urban inclusive middle school with 

ten classes (grade 5 to 8) in Austria, where students with and without special needs learn 

together in the same classrooms. Focal points of support of the special needs students are 

mental development, learning, emotional and social development as well as language. The 

school used to be a special needs school, i.e., the school took the inverted way of inclusion 

(cp. Abels, 2014a). Technically speaking, the school is an integrative, not an inclusive school, 

because the Austrian system still demands the official labelling of the special needs students, 

resources are not provided sufficiently, general teacher education is not adapted to the 

demands of inclusion and there are still separate school types where students are sent after 

fourth grade. The latter means that at a middle school usually the high achieving students are 

missing. 

Although the school system does not allow for real inclusion, a holistic approach of 

school development is undertaken in this case and the teachers constantly strive for more and 

more inclusive teaching approaches. For each age group a steady team of teachers is 

responsible to ensure reliable teacher-student-relationships. Educators are special needs, 

middle school or secondary school teachers working in a team. An internal school 

development team is responsible for establishing inclusive measures and their evaluation. 

Measures are, for example, to refrain from grading using formative skill-led assessment 

instead, to involve the support of a social worker, to offer several coaching programs to 

support students in learning how to learn, in reading and writing or in motor skills (cp. 

Minnerop-Haeler, 2013). Teaching in the classroom is supposed to be progressive, i.e., 

project-oriented, learner-centered, skill-focused, differentiated and problem-based with an 

emphasis on increasing autonomy of the students. 

In science classes these teaching principles are applied by implementing different levels 

of inquiry-based learning. Two science formats are particularly focused and contrasted in this 

case study: structured and guided inquiry-based chemistry lessons (because of the author‘s 

area of expertise) as well as an open inquiry setting called Lernwerkstatt
1
. 

Between the two formats are systemic differences: Only eighth graders have chemistry. 

In this school it was decided that students with the focal point of support in mental 

development, i.e. mentally retarded students, do not participate in the chemistry lessons.  

                                                        
1
 The concept Lernwerkstatt is mainly based on the New York workshop centre developed by Lillian Weber (1977). 

As no appropriate translation exists, the term Lernwerkstatt will be used here. 
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The reasons are the complexity, abstractness and potential risks of chemistry. All the 

other students, also students with special needs in learning, behavior or language, participate 

in chemistry lessons. One class is always split in semigroups, so that nine to ten students form 

one group. Each group receives one hour of chemistry per week. Parallel, the other semigroup 

has computer science. Sometimes the chemistry teacher asks for a double period with one 

semigroup. Mainly, IRE discourse, structured and guided inquiry settings are applied. 

Lernwerkstatt is organized differently. Every class has one Lernwerkstatt per year from 

grade 5 to grade 8; each lasts three days and every student participates. The aim of the 

Lernwerkstatt is that all students work self-dependently on their own scientific questions 

innervated by carefully arranged phenomena and materials among one major topic, e.g., light 

and color, water or small life big time (insects) (figure 2). 

 

 

Figure 2. Scenery with materials in the Lernwerkstatt ―Small life big-time‖. 

―A Lernwerkstatt is described as a room where learners encounter stimulating 

phenomena, objects and materials which are supposed to trigger questions in their own field 

of interest (…) to start immediately with an inquiry‖ (Puddu, Keller & Lembens, 2012, p. 

154). That is why Lernwerkstatt is a level 3 inquiry. As the students come up with questions, 

Lernwerkstatt cannot be reduced to one science subject, but is an interdisciplinary endeavor. 

The setting is accompanied by coaches who scaffold the students‘ learning processes 

(Hagstedt, 2004; Zocher, 2000). Besides two Lernwerkstatt teachers (one of them is the 

chemistry teacher), coaches are the classroom teachers who are released as much as possible 

from other duty for the three days, higher education students or assistant teachers. These 

additional material and non-material resources are organized by the Lernwerkstatt teachers 

themselves. Every Lernwerkstatt ends with a festivity where students present findings of their 

investigation.  

These two different settings, a subject-specific and an interdisciplinary one, which differ 

in the degree of inclusiveness, function to compare the systemic influences on scaffolding in 

diverse classes. Moreover, within the framework of a qualitative case study, is researched 

how inquiry-based learning environments on different levels of openness and structuring can 

be orchestrated to deal with diverse learning needs of all students in one classroom. 
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Methodological Framework 
 

Data collection took place in two 8
th

 grade chemistry classes and in nine classes who had 

three days of Lernwerkstatt each in the school year 2013/14. The data collection is based on 

videography, participant observation and informal conversations with the teachers. The 

chemistry teacher was also teaching in the Lernwerkstatt plus another science teacher. Both 

teachers wore audio recorders to ensure good audio quality. Informal conversations with the 

researcher, who was an active observing participant in both settings, took place and were also 

audiotaped. For the analysis presented in this chapter, video scenes were chosen where 

scaffolding processes could be identified. Video was found to be a powerful, complex, 

enduring, authentic and flexible tool in education research that allows for deep analysis from 

multiple viewpoints (Goldman, 2007; Janík, Seidel & Najvar, 2009). Videography facilitates 

to observe authentic practice and to identify patterns of instruction. 

Collected data were analyzed with technical support of the qualitative data analysis 

program ATLAS.ti (version 7.5) by means of Grounded Theory, following the modes of 

initial, focused and theoretical coding (Charmaz, 2006). This allows for deep and detailed 

insights into scaffolding considering it as a social practice. In Grounded Theory it is 

important that the researcher makes her assumptions transparent and reflects how they affect 

the interpretations (Breuer, 2010). This is regarded as important as the interpretation of 

effective teaching can be a personally and theoretically biased endeavor. ―Adopting [this] 

self-reflexive, inductive (or abductive) orientation, theoretical models [get] developed from 

the observed everyday social phenomena and their subjective representations (for example in 

the form of narrations)‖ (Breuer, 2011, para. 2). In line with this approach, the 

methodological device of contrasting cases is essential. Each level of inquiry-based settings 

that can be observed in the two science formats (level 1, 2 and 3) is demarcated as one case to 

be contrasted with each other. A ―categorical system with a certain level of abstraction‖ has to 

emerge (Breuer, 2011, para. 2). This way of qualitative data analysis based on audio and 

video recordings has the potential to provide deep insights into social situations and to 

explain behavior or communication patterns that were not evident before (Griffiths, 2013; 

Nilsson, 2012). Furthermore, Grounded Theory is seen as a social-scientific methodology that 

can be appropriately transferred to (science) education questions (Sander, 2008). 

 

 

RESULTS 
 

Scaffolding processes of the two teachers were coded by an open coding procedure and 

some major categories (theoretical codings) emerged; two of them are chosen to structure this 

chapter: scaffolding self-dependent learning and the sway of subject-matter knowledge on 

scaffolding. Extracts from informal conversations are added to illustrate the data. 

 

 

Scaffolding Self-Dependent Learning 
 

Scaffolding Lernwerkstatt or chemistry lessons can be distinguished by the degree of 

students‘ self-dependence. In Lernwerkstatt students decide about the question they want to 
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work on, the methods, the materials, the social form (single or teamwork), how intensively 

they step into the topic, i.e. the level of difficulty, the learning rate and with whom and where 

they install their place of work. The coaches scaffold the students‘ learning processes 

accordingly and have to adapt, often spontaneously, to the ideas, choices and prior knowledge 

of the students. The challenge is to decide how much input is needed when to maintain the 

high degree of self-dependence and to facilitate a sense of achievement. If students ask 

questions, teachers do not just give an answer, but help students searching it by applying 

scaffolding strategies named above, e.g. the reflective toss. Because of the variety of 

investigations, it can also happen that the teachers do not know anything about the chosen 

topic. But they provide assistance in structuring the inquiry process, organizing material, 

finding ways of gathering information, eventually solving conflicts etc. Then it becomes a 

joint learning process which is actually experienced as beneficial for both sides, teachers and 

students. 

Analyzing the scaffolding of the Lernwerkstatt it is noticeable that some coaching is 

rather focused on structuring the inquiry process while some coaching seems to be rather 

concerned with structuring group work, i.e. discipline issues as the following video transcript 

shows. 

 

Teacher: ―Well, no no no. My problem is that you two are distracted very easily. I 

want you to sit over there (points to the other side of the room). You are distracted way 

too easily. That doesn‘t work.‖
2
 

 

The teacher uses short sentences and clear, distinct statements. She directs the students so 

that they have better conditions to work. In comparison, scaffolding the investigation process 

appears to be different. In the example given below, the students intend to understand how a 

kaleidoscope is constructed. 

 

Teacher: So, you drew the outside of the kaleidoscope, good. What is the next step? 

Student: We must think about which stones come into the kaleidoscope. 

Teacher: That is the most important question. What kind of stones do I put inside? 

How do the stones look like? Look, you have so much stuff there, just try it. 

 

The teacher summarizes the students‘ work done so fare and leads their plan a step 

further. She strengthens important points and rephrases the students‘ statements as questions. 

Additionally, her utterances have an open, inviting, motivating character instead of being 

distinct. As it is a very challenging phase the most effort in scaffolding Lernwerkstatt is done 

so that every student finds a question. Teachers need to be aware which students need support 

here. It sometimes occurs especially with special needs students that they do not find a 

question, but work on a topic like ―the color blue‖. The teachers in this project take this issue 

in hand and work on ideas to scaffold the phase of finding questions differently (cp. Abels, 

2014b), for example, by providing stations first which lead to follow-up questions (coupled 

inquiry). In chemistry, on the contrary, the most effort in scaffolding is done so that every 

student finds an answer. In chemistry lessons students cannot decide independently about the 

topic or question they want to work on. The content is given as well as the social form, the 

                                                        
2
 The translation is done by the author as close as possible to original wording. 
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place of work and a narrower time frame. Mostly, students can decide with whom they work 

and how much they invest or participate. On a level 2 inquiry students can plan the 

investigation independently. They choose materials and methods. Teachers‘ scaffolding has to 

concentrate much more on achieving the subject-oriented learning goal than in the 

Lernwerkstatt, i.e. students are supposed to understand a certain chemical concept. This is 

especially evident in IRE and inquiry level 1 settings. From level 1 to level 2 settings 

scaffolding on processual issues additionally becomes important. Especially, scaffolding on 

planning and conducting an experiment is dominant in level 2 inquiries. This means, 

methodical aims are strived for next to subject-matter knowledge. It becomes evident, 

however, that the teacher‘s scaffolding is more amenable to systemic conditions which is less 

perceived in the Lernwerkstatt. For example, the students need to meet the subject-specific 

end in the determined time of one or two school lessons. The following transcript illustrates 

the restriction. The task of the students is to separate water and ethanol and how to contain the 

ethanol. They decide how to solve the problem with the support of the teacher. 

 

Student 1: yes, but this is not good, because it drops down from up there 

Teacher: ok and what can we do that it 

Student 2: I just take a bigger jar with a bigger diameter than that one 

Student 1: no, one could do it with this (points to a glass tube) 

Teacher: how could one shorten this way? (points from glass tube to beaker) 

Student 2: by adding another glass tube 

Teacher: how else? 

Student 2: by putting this higher 

Student 3: no, you just have to put this higher 

Student 2: look (puts a measuring cylinder on a beaker) 

Student 3: yes exactly 

Teacher: get a tin pot from over there 

Student 3: tin pot, fast, tin pot 

Student 1: no, I have a better idea, can one this here // 

Student 3: // tin pot 

Student 1: no, student 3, look we do it like this (see figure 3) 

Teacher: Student 1, you get bogged down in details again, you have only  

15 minutes left 

 

 

Figure 3. Distillation. 
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Following the terminology of Häcker (2007) the students work ―self-determined‖ in the 

Lernwerkstatt whereas in chemistry they work ―self-regulated‖. While self-regulation allows 

for procedural decisions, self-determination also allows for decisions about aims and the 

content students want to engage in. Self-determination demands of the teachers to trust the 

students in making good decisions and to be open in terms of learning goals which will be 

achieved. This classifies Lernwerkstatt as an inclusive approach (see above). In chemistry the 

curriculum sets the content-specific learning goals and by using settings like inquiry level 2 

the teacher facilitates self-regulation. 

This leads to a second major category: the sway of subject-matter on scaffolding which is 

described in the following part. 

 

 

The Sway of Subject-Matter Knowledge on Scaffolding 
 

One major difference between Lernwerkstatt and chemistry lessons is the role of subject 

matter knowledge. Although both formats are skill-led and students are supposed to acquire 

methodical, social and personal competencies, chemistry is much more content-driven. All 

tasks, independent of the teaching approach, strive for the understanding of the same 

chemical concept, whereas in Lernwerkstatt the teachers do explicitly not strive for achieving 

specific learning goals in the content area. That does not mean that students are not intended 

to learn content, but the learning gain in subject matter depends on the individual project and 

is not set beforehand. The difference is remarkable in that the chemistry teacher at this school 

is very aware of the fact that she does not teach all the content she is supposed to according to 

the chemistry curriculum. The following transcript is taken from an informal conversation 

between the teacher and the researcher. 

 

Teacher: I only teach a quarter of the content, but therefore it is, I think, more 

understandable for the kids and I just accept that. Because also when I teach all the 

content, they don‘t memorize it. 

 

To help the students memorize and make the content more meaningful, the teacher draws 

on inquiry-based settings, namely level 1 and 2, which alternate with IRE sessions. In the IRE 

phases the practical work is prepared or evaluated subject-specifically and methodically. 

Nevertheless, students are supposed to learn the same content, naturally they learn in varying 

degrees or with additional support. For example, in the lesson about distillation (see figure 3) 

all students shall understand that substances can be separated according to their features, here 

the different boiling temperature. In the Lernwerkstatt all students learn something about the 

topics light and color, water or insects, for example, but they all learn different content which 

is appreciated in the Lernwerkstatt. According to Feuser (1995) a joint topic, but different 

achievements make learning inclusive. This classifies Lernwerkstatt as a more inclusive 

approach in the sense of Florian and Black-Hawkins (2011) than subject-specific lessons. 

The subsequent question is if chemistry has reached its limit of inclusive potential with 

self-regulated inquiries or if the limit can be extended like in the Lernwerkstatt. To answer the 

question, one has to know that chemical investigations do not take place in the Lernwerkstatt 

when there is no input in this direction. For example, in the Lernwerkstatt with the topic 

―small life big time‖ (insects) students phrased the question ―What is honey made of?‖. The 
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investigations became chemical when a coach informed them about the possibility of 

detecting glucose and fructose with a Fehling‘s test and gave instructions how to proceed. As 

chemical procedures are often not part of everyday knowledge and chemistry starts in 8
th

 

grade (in Austria), students ought to have a lot of prior knowledge to work with chemical 

concepts in the Lernwerkstatt. Consequently, chemistry teachers need to provide information 

and structured settings in their lessons to establish prior knowledge. It would be interesting to 

implement Lernwerkstatt in upper secondary classes when students also have more chemical 

knowledge available. Students could learn to develop follow-up questions (coupled inquiry) 

which could lead to chemistry as a more inclusive approach in the sense of Florian and Black-

Hawkins (2011). Consequently, either a curriculum change in this direction would be 

necessary as different learning goals ought to be allowed. Or another possibility that does not 

require a curriculum change would be to intensify the collaboration between subjects and 

formats like Lernwerkstatt. Subject-specific teaching could implement inquiry successively 

(level 0 to 2) and develop prior knowledge so that students can come with their open 

questions into the Lernwerkstatt. Of course, Lernwerkstatt should then not be offered just 

once a year. 

 

 

CONCLUSION 
 

The school cooperating in this research project addresses inclusion as holistic school 

development. However, this does not mean that lessons are totally and automatically 

inclusive. Teachers need to find inclusive pedagogical approaches and scaffold them 

carefully. This is challenging in subject-specific teaching in another way than in 

interdisciplinary project-oriented formats. Science and chemistry show to be subjects that put 

high requirements on being inclusive. Even at this school with a long tradition in inclusive 

teaching teachers still work on dealing with the demands. Their secret is the motivation for 

ongoing development inspired by reflection and collaboration. 

The science teachers in this project decided for inquiry-based learning which is 

recommended as an inclusive approach. Data analysis showed that interdisciplinary, skill-led, 

project-oriented formats based on self-determined learning like Lernwerkstatt, i.e. open 

inquiry with carefully structured scaffolding, can be classified as inclusive pedagogies. In 

contrast, chemistry lessons are much more amenable to systemic conditions, e.g. a curriculum 

with content prescriptions or at least expectations, grading, time frames, safety regulations 

which lead to exclusion etc. Thus, despite the use of inquiry settings and an approximation to 

inclusive approaches, chemistry lessons do not explicitly allow for differentiated learning 

aims and full self-determination. 

A concluding hypothesis is that the subject culture and the necessitation to teach content-

driven is not compatible with full inclusion. Teachers can only try to approach it as much as 

possible. 

Grounded Theory has shown to be a useful and appropriate methodology for science 

education research as it analyses social phenomena systematically and comparatively. Thus, it 

allows for deep insights into authentic inclusive teaching and for the identification of 

scaffolding patterns and restrictions. Subject-specific facilitating factors and barriers of 

inclusion can be explored in a detailed manner. A limit of the methodology could be seen in 
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the low number of classes that can be contrasted. Further case studies in different schools, 

subjects and age levels enabled by the collaboration of researchers are necessary which have 

to be merged and contrasted. However, as the methodology seeks for generating hypotheses, 

it facilitates to abstract from the individual case and to develop valid theories for science 

education research.  
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