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Abstract
Design activities are gaining interest as rich contexts for learning science, technology, 
engineering, and mathematics (STEM) subjects. STEM teachers may find this challeng-
ing however, as designing requires support that they are not used to providing. In a subject 
like chemistry, teachers would have to balance creativity and responsibility for the students 
with concept learning and safety in the classroom. In a case study, we analyzed the verbal 
interactions of three teachers with their students during design activities in the classroom, 
with the aim of understanding what teachers and students talk about and how chemistry 
teachers support the students with their designs. During the lesson, students worked on the 
design of a self-heating or self-cooling cup, while also performing chemistry experiments 
to learn about the energy effects of reactions. Such a lesson reflects what design activities 
in the chemistry classroom could look like. We described the topics that teachers and stu-
dents talk about, revealing that teachers support students through several types of feedback 
and questions. We also found that teachers support design tasks in a more open, construc-
tive, and encouraging way than is used for experiments and chemistry concepts, which are 
supported in a closed, clarifying, and steering manner.

Keywords Design · Chemistry education · Design-based learning · Teacher–student 
interaction

Introduction

Learning through design contexts is a popular instructional model in science, technol-
ogy, engineering, and mathematics (STEM) subjects, as it engages students in rich learn-
ing opportunities (Brophy et  al., 2008). Design tasks help students to learn science by 
implementing their subject knowledge. Furthermore, these tasks also enable students to 
learn design skills, use their creativity, and take responsibility for their learning. The Next 
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Generation Science Standard (NGSS) proposed the use of engineering practice to com-
plement the experience of science practice, thereby deepening student experience and 
understanding of science concepts and practices (Bybee, 2014). The goal of technology 
and engineering education, according to the Standards for Technological and Engineering 
Literacy (STEL), is to develop students with broad knowledge and capabilities, who under-
stand the interactions between technology, engineering and society (ITEEA, 2020).

In many schools, however, designing is not a mainstream activity. The increasing use of 
design projects in education presents STEM teachers with a new role, their inexperience 
of which may potentially pose difficulties for them. The distinction between ‘teacher’ and 
‘student’ is less present during design projects, and the teacher is more a guide than an 
instructor or a repository of knowledge (see for instance Stricker, 2011). Teachers may feel 
uneasy with this new pedagogy (Stricker, 2011), as it moves away from the security and 
stability they typically experience.

In chemistry, one of the STEM subjects and the focus of this study, the research, pro-
duction, and design of substances and new materials are important practices, and are often 
used as a context for learning about chemistry concepts. During chemistry classes, stu-
dents can be introduced to chemical design, such as the product design of toothpaste or the 
production of a polymer; however, design-based chemistry projects, where students learn 
about concepts through the process of designing, are rare. To learn about reactions and 
processes, students in secondary chemistry education perform experiments, which are usu-
ally predetermined activities in which they analyze a teacher-expected outcome. This is far 
from the way chemical engineers work and the way in which chemistry evolves in reality.

Designing requires skills that are not readily present in chemistry education at the sec-
ondary education level. In addition to the problem-solving skills and scientific reasoning 
(amongst other skills) required in both chemistry and design education, designing also 
requires skills related to creativity, team work, (technical) drawing, and sketching. Fur-
thermore, chemical design is also significantly different from engineering design, which 
is largely already present in science and technology subjects in school. Chemical design 
activities require the practical application of a chemical understanding of substance prop-
erties, reaction types, and the energy effects of reactions. While chemical design requires 
carefully measured substances mixed in practically irreversible processes, engineering 
design uses the construction of different materials to create a product. The latter generally 
has much more scope for tinkering and making swift adjustments. For students, experience 
is required in performing chemical design in the classroom. At the same time, chemistry 
teachers in most schools do not have experience with guiding students or student groups 
through design projects.

Undertaking design activities requires teachers to control and manage their classroom 
situation in a different way, and for some teachers this is difficult (Kolodner et al., 2003). 
Teachers need to organize the class, orchestrate and sequence the activities, and help stu-
dents connect the science to the design (Kolodner et al., 2003). Design activities require the 
teacher to provide adaptive guidance, paying attention to the needs of the students. Consid-
ering the variety and creativity with which students can make new designs, the guiding role 
that teachers need to take is one where versatility and adaptability is important. Other stud-
ies that we have seen contain projects where the lesson, the composition of the project, and 
the teacher support is highly structured. These studies focus on the learning of students and 
the effectivity of concept learning (e.g. Apedoe et al., 2008; Van Breukelen et al., 2016), 
and while the importance of the role of the teacher is acknowledged, its dynamic and adap-
tive nature has not been studied. Design teachers interact with students in the classroom, 
talking with them about the design and its features. Through conversations with students, 
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teachers guide them through the design activity and provide verbal support targeted at the 
knowledge level of the students to help them reason about their design.

In an in-depth case study, we analyzed the verbal support of experienced chemistry 
teachers who performed design-based chemistry projects with their students in the class-
room. Our goal is to understand how teachers adapt their verbal support to students dur-
ing design assignments, and how these can be integrated in the chemistry classroom. This 
specific area of research is, to a certain extent, uncharted, and this study leads to scientific 
insights into the possibilities and opportunities for teachers to adaptively and dynamically 
support design assignments for chemistry. The interactions between teachers and students 
are expected to include different means (i.e., feedback and questions) of supporting stu-
dents during the design assignment. Mapping these means and connecting them to the con-
text of the conversation helps us understand how teachers adapt their support based on the 
topics discussed. Furthermore, the results give practical pointers to help teachers of other 
STEM subjects who implement design tasks in their lessons.

Background

The role of a teacher in design education

In design education, teachers guide students and help them transition from one phase to 
another in the design process (Goldschmidt et al., 2014). This is not necessarily a linear 
pathway. Design problems can have multiple solutions, and the designer not only shapes 
the design, but also needs the awareness that choices have consequences, which in turn has 
consequences for the way design skills are acquired (McDonnell, 2016). Teachers therefore 
need to be aware of the intricate relationship between students and their design. Their guid-
ance, on the one hand, contributes to student learning, empowerment, identity formation, 
and socialization into professional practice, while on the other hand it engages students in 
reflective practice, critical discourse, transformative learning, and self-authorship (Adams 
et al., 2016).

In a study on the practice of a design teacher in higher education (students from the 3rd 
year of a bachelor’s degree and one graduate student) in the context of an Industrial Design 
course, McDonnell (2016) described the role of the teacher by analyzing his conversations 
with students when discussing their individual designs. She saw that the teacher gave very 
precise information on what to do but refrained from instructing and informing on how 
to think; instead, the teacher encouraged design reasoning. There is therefore a contrast 
between doing and thinking, and for the latter, the teacher guides, suggests, coaches, and 
facilitates, but does not do the thinking for the student. While reminding the students of the 
purpose and the tasks, the teacher also emphasizes the role of the students as the designers 
and pushes them to make choices. In this process, the teacher draws attention to features in 
the designs of students (both positive and negative), and invites students to notice them as 
well. In this process, the teacher does not explicitly mention negative aspects, but addresses 
these indirectly. Besides taking up the role of an expert or authority and a coach or a facili-
tator, the teacher may also act as a ‘buddy’ (Goldschmidt et al., 2010) and give the students 
a feeling of being on their side (‘we’), while also maintaining what the student needs to do 
and leaving choices to them (‘you’) (McDonnell, 2016).

Engineering teachers in high school display four themes with regard to teaching strate-
gies: (1) the use of competitions, (2) problem-based learning and teaching, (3) emphasis 
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on creative thought and work, and (4) the teacher serving as guide rather than the knowl-
edge base (Stricker, 2011). We can see several of these themes reflected in other litera-
ture as well. To promote design thinking in the classroom, the Learning by Design Cycle 
(Kolodner et al., 2003) proposes two cycles of activities. The first cycle deals with activi-
ties that students need to do with respect to the design and its creative process. The sec-
ond cycle deals with activities concerning what the student needs to know and research 
in order to further the design. These cycles structure the design tasks for the student, so 
that the teacher can take the role of a guide. This combination of problem-based learning, 
creativity from students and guidance from the teacher resembles the themes described by 
Stricker (2011), and can be found in research on design activities for STEM in secondary 
education.

Design activities and chemistry education

Chemistry education, like other STEM subjects, uses laboratory experiments to help stu-
dents understand the subject. The use of experiments touches upon the two cycles of ‘need 
to know’ and ‘need to do’. The laboratory setting in science education provides students 
with opportunities to engage in investigation and inquiry (Hofstein & Lunetta, 2004). Not 
only is performing experiments useful for the student, but it can also be an instructional 
tool for teachers and a means of assessing student understanding (Hofstein, 2004). For 
chemistry, experiments are performed to improve the understanding of subject-specific 
concepts. When implementing design activities in the chemistry classroom, experiments 
can serve to improve the design itself and steer design choices. Experiments become a part 
of the ‘need to know’ in order to perform the design activities. It is important for teachers 
to carefully balance investigative activities and iterative design (Hmelo et al., 2000; Kolod-
ner et al., 2003).

In a study by Apedoe et al. (2008) exploring a design project in the chemistry classroom, 
students were tasked with designing a self-heating or self-cooling cup. The lesson content, 
incorporating design activities and experiments, and the support provided by the teacher 
were rigidly structured over several lessons. Students exhibited better concept understand-
ing and had more interest in engineering after the project. The results of such studies show 
the possible setups for design activities in chemistry, and their success. Apedoe et  al. 
(2008) focused on the learning of chemistry concepts within structured lessons where the 
support is predetermined. The rigidly structured support, however, seems to contrast with 
the coaching, facilitating, reflective, and transformative guidance that Adams et al. (2016) 
and McDonnell (2016) described as beneficial for design education. The dynamic support 
that teachers provide to students in the context of design activities in the chemistry class-
room is a required element to learn design skills, from the perspective of design education. 
This in turn may support the understanding of chemistry practice, in addition to the learn-
ing of chemistry concepts.

Scaffolding

Studies of design education in STEM subjects often describe the activity of a teacher in 
terms of scaffolding. Scaffolding is described as the titrated support (Tabak, 2004) and 
tailored support (Van de Pol et  al., 2015) provided by a teacher or knowledgeable peer, 
through which a student reaches the required level of competence (Warwick et al., 2013). 
Scaffolding is also defined as temporary and responsive support (Jadallah et  al., 2011). 
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It is suited to the situation and the student, as well as dosed in such a way that a teacher 
supports only as far as needed. Scaffolding does not only mean that the student reaches 
a certain learning goal, but also that the student becomes adept in solving similar prob-
lems in new contexts. Because the teacher carefully assesses the situation of the student 
and decides how to support them through various means, scaffolding inherently means that 
support is adapted or adjusted to the learner’s needs.

Scaffolding comes in many different forms. Saye and Brush (2002) define hard scaf-
folding and soft scaffolding, where hard scaffolding is the support given through books 
and assignments and soft scaffolding is support given through verbal interaction with the 
teacher. Warwick et al. (2013) distinguish direct scaffolding and indirect scaffolding. Direct 
scaffolding, similar to soft scaffolding, is the verbal support from the teacher, and is meant 
to situationally and temporally support a student’s problem solving. Indirect scaffolding 
is the setup of a task in advance to structure the student’s activity and restrict the degrees 
of freedom. No single form of scaffolding is sufficient to support students, however (Pun-
tambekar & Kolodner, 2005). Often a mix of scaffolds is used; for example, Tabak (2004) 
described the ‘synergy’ of using different scaffolds that cooperate and interact to offer a 
robust form of support. Puntambekar and Kolodner (2005) described ‘distributed scaffold-
ing’, where scaffolding is provided through a sequence of social and material support.

We see these notions of synergy and distributed scaffolding in different studies. In the 
study by Apedoe et al. (2008), the teacher leads whole-class discussions, and the students 
undertake both team and individual activities. In a study by Van Breukelen et al. (2016) on 
physics design activities in secondary education, scaffolding is given through a sequence of 
activities that students must perform. Here, the notions of synergy and distributed scaffold-
ing are present within the design project.

Scaffolding suggests that teachers adapt their support to the student, or help the student 
to rise to the level of competence needed for answering/continuing the design task. One can 
argue that within design education there is a transactional relationship between the learner 
and the learning environment; the design project shapes the learner, and the learner has 
the possibility to influence the design project or the learning environment (see for instance 
Lippman, 2010). Lippman (2010) discusses that a so-called responsive design approach 
understands this transactional relationship, and recognizes that no one person possesses all 
knowledge. The individual team members need each other and must take up their role in 
the design process. This implies that a teacher, who is aware of this valuable responsive-
ness and communication, is required to promote the dialogue with and between students.

Supporting design activities with feedback and questions

Giving feedback is a common practice in design education. This is often done during the 
so-called ‘critique’: a communication event in which students present their design and oth-
ers give their feedback. This form of feedback provides students with information to under-
stand the principles of design form and content, and also teach them to communicate like a 
designer (Dannels et al., 2008).

Feedback can come in many different forms. Hattie and Timperley (2007) state that 
feedback is used to provide corrective information, alternative strategies, clarification, 
and encouragement, as well as to evaluate correctness. Information given by the teacher 
to the student can only be called feedback if there has been an effect in the desired 
direction (Boud & Molloy, 2013). Some difficulties can be that students find feedback 
too general, insufficient, unclear, or inconsistent (Steen-Utheim & Hopfenbeck, 2019). 
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Teachers need to take care to ensure effective feedback, as they need to balance their 
approach between students who may perceive the feedback as criticism, causing anger, 
hurt feelings, or resistance, and students who are dependent on the teacher, who might 
feel insecure and wait for approval and explicit guidance (Goldschmidt et  al., 2010). 
This emphasizes the usefulness of feedback in the form of a dialogic approach (see for 
instance Steen-Utheim & Hopfenbeck, 2019), where feedback is a two-way interactional 
process between teacher and students.

Besides giving feedback, scholars also describe the use of questions as important 
means to teach and guide students through the design process. In design education, three 
types of questions have been defined: low-level questions, deep reasoning questions and 
generative design questions (Cardoso et al., 2016). Low-level and deep reasoning ques-
tions are convergent in nature, and usually the answer is known by the student (low-
level) or requires reflection and reasoning (deep reasoning questions). Generative design 
questions are used to increase the options or directions for students and are divergent in 
nature. The answer to generative design questions is often not known by the students or 
the teacher.

Feedback and questions can be divergent or convergent, and thus either broaden or 
sharpen the ideas of students, respectively. In this study, we refer to feedback and ques-
tions as means with which teachers support design activities. Through their use, teach-
ers can strengthen the understanding of a subject, provide information, or tap into the 
experience of students.

In our earlier study (Sheoratan et  al., 2021), several forms of feedback and types 
of questions were reported by teachers in secondary and higher education when they 
described their scaffolding practice for design projects. In Table 1, feedback and ques-
tions, along with examples from this earlier study, are presented.

Table 1  Categories of feedback and questions from a previous study (Sheoratan et al., 2021)

The categories of feedback are grouped into forms of feedback listed by Hattie and Timperley (2007), and 
the categories of questions are grouped into types of questions reported by Eris (2004)

Forms of feedback and their categories Types of questions and their categories 

Corrective information Low-level questions 
  Something is missing   Where are you?
  Do this again   What is the problem?
  What [this] actually means is not…   What is the goal?
Alternative strategy   Can you continue now?
  If you do this, then…   Can you explain this?
  Look this up   Can you improve the cooperation?
Information to clarify ideas Deep reasoning question 
  What this means is…   What does this mean for your design?
Encouragement   What do you need to do and what do you need for that?
  Well done! Generative design questions 
  You are going in the right direction   What other kinds of ideas can you think of?
Evaluate correctness 
  This is not right
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More and different forms of feedback and questions may be used in the classroom 
besides these reported practices. We want to elucidate how these means are used in the 
classroom and how the dialogue between teacher and students is shaped to support stu-
dents during design activities.

Aim of this study

In this study we analyze a case in which three teachers introduce and guide design-based 
chemistry projects in their classrooms. Here, we are interested in the adaptive verbal sup-
port that the teachers provide. Because designing is non-linear and can have multiple solu-
tions, this support is expected to be diverse, situational, and tailored to the needs of the 
students. Besides design, the teachers will likely also address chemical aspects during 
design-based chemistry projects. During our analysis, we therefore specify the topics of 
conversations that teachers and students have, in order to understand how teachers support 
different aspects of the projects.

In our analysis, we confine ourselves to the verbal interactions between a teacher and 
their students during the lessons, and characterize the support that teachers provide in 
terms of feedback and questions.

Research questions

For this study, we wanted to know what teachers and students talk about, and how teachers 
support students verbally during the conversations. Specifically, we looked at the means 
(such as feedback and questions) that teachers use to support students. Due to the setup of 
the design tasks during the lesson (this is detailed in the next section, see also Table 2), we 
expected to see conversations between teachers and students related to: (1) design steps 
such as design problem, design brief, and idea generation, since the design tasks in this 
lesson were meant to address these; (2) the experiments; and (3) the chemistry concepts. 
These were considered to be the main topics of conversation. We were also interested in 
whether other topics occur.

We formulated the following research questions:

RQ1 How can the topics of conversations held by teachers and students during a design-
based chemistry project be characterized?

RQ2 How can feedback and questions on these topics used by teachers be characterized, 
and how are they used to support students during a design-based chemistry project?

Educational context

The data collection for this study was conducted in the Netherlands over the course of the 
school years 2018–2020. Three participating chemistry teachers introduced three design 
projects in their chemistry classes for 3VWO students (Grade 9, ages 14–15 years). VWO 
is the pre-university stream in the Dutch educational system. The design project discussed 
in this study was the third in a series of three different design projects performed in the 
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classroom throughout the schoolyear. In every class, the students were divided into five or 
six groups, with four to six students each, working on their designs in teams. In total, the 
three classrooms together had 81 students. Table 2 details the projects and gives an over-
view of their contents.

For this particular study, we chose to take the first lesson of “the thermo challenge” pro-
ject (see Table 2), a project adapted from the works of Stammes et al. (2021) and Apedoe 
et al. (2008). Over the course of the lesson series, the students design a self-heating or self-
cooling cup. Apedoe et al. (2008) argue that this design task has relevance and relatability 
for the students’ lives and encourages student ownership, as well as being a good example 
of a project where a careful consideration of materials is needed. The lesson we chose for 
analysis was the first of a series of four lessons of 50 min (see Table 2), and was selected 
because it contains both design tasks and experiments. During a whole-class instruction, 
students are introduced to the design task: they have to design a cup that can heat up or 
cool down a self-chosen beverage. After the instruction, students continue the work in 
groups until the end of the lesson. They discuss the type of beverage they want to heat 
up or cool down, think about different ideas, and consider the requirements of the design. 
Each group of students has worksheets to help them analyze the design problem and brain-
storm about the design brief and the ideas they have. Besides the design tasks, the students 
also perform chemical ‘cookbook’ experiments, in which they learn about endothermic 
and exothermic processes when mixing various combinations of substances. The insights 
gained from these experiments are to be used in the designs in other lessons (lessons 2, 3, 
and 4). In our project, the student activities are structured to a certain extent, but there is 
room for the verbal support of teachers. The combination of design tasks and experiments 
in one lesson is an example of what chemical design projects can look like, and requires 
teachers to strike a balance between supporting design skills, chemistry knowledge, and 
practical skills.

Method

We performed a qualitative analysis of the conversations of three chemistry teachers with 
groups of students from their respective classrooms. We collected data during one lesson 
run by each of the three teachers. Focusing on three cases of the same lesson allows us to 
see possible variations in the support provided by teachers. By using analytic coding and 
open coding (Cohen et al., 2011) for the conversations between the teachers and groups of 
students, we gain a deeper insight into the nature of the verbal support used.

Participants

For this study, three teachers from the same school, including the first author, collaborated 
in a professional learning community with the intention of investigating how to integrate 
design assignments in the chemistry classroom and shape the guidance needed from teach-
ers. The small group of teachers allowed for an in-depth study, with close collaboration and 
discussion amongst each other. The teachers are all male and teach chemistry, but have dif-
ferent backgrounds. Teacher A has a rich background, with seventeen years of experience 
in teaching chemistry, biology, and physics in lower secondary education. Teacher B is a 
chemistry teacher in lower and higher secondary education, with seven years of experience. 
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Teacher C has eleven years of experience in teaching both chemistry and physics in lower 
secondary education.

All three teachers had some experience with design education at the start of the study. 
Teacher A had experience with teaching design in STEM for younger students (grade 7), 
and teachers B and C gave engineering design lessons as part of physics classes (grade 
8); however, none had previous experience in implementing design projects in the chemis-
try classroom. Before, during, and after the design projects, the teachers came together to 
discuss the design projects and how best to support students with them. The teachers also 
discussed their role as coach, facilitator, and guide during the design projects. We provided 
the findings from our earlier study (see Table 1) to the teachers, in addition to inputs and 
starting points for guiding students through feedback and questions. After each design pro-
ject, the teachers reflected on how to improve the support they would provide for the next 
design project.

Data collection

During the first lesson of the thermo challenge project, held in 2019, audio and video data 
were collected in the three classrooms. The teachers, students, and parents gave active (i.e., 
signed, written) informed consent for the collection and use of research data for this study. 
The teachers wore a clip-on microphone, through which the conversations between the 
teacher and (groups of) students could be heard. On the tables of the five or six student 
groups (with four to six students each) in each classroom, we also placed recording devices 
to record audio of the student conversations and as supporting data. The video recordings 
were made with two cameras to capture the classroom from two angles, in order to observe 
all the tables and groups. For the students and teachers in this study, the use of audio and 
video equipment in the classroom was new. Although the cameras were placed as discrete 
as possible, the presence of the equipment could influence the behaviour of the students 
and teachers. There was no separate meeting or lesson for the students and teachers prior 
to the projects to get used to the presence of the equipment. However, during project one 
and two (see also Table 2), the equipment was also placed in the classroom and recordings 
were made. The students and teachers therefore had some experience by the time project 
three started.

The video recordings was used as supporting data to understand the context in which 
the conversations took place. This data, for example, showed us which group was having 
a conversation with the teacher. Sometimes, a student from another group approached the 
teacher, and then we noted this as well. The video data was also useful for noticing if the 
teacher made gestures or pointed at something, and thus understanding the conversation he 
was having with the students.

For this study, the audio files of the teacher recordings were transcribed, and these tran-
scriptions were used for further analysis.

Data analysis

The data were analyzed by the first and second authors. The second author acted as an 
independent researcher. The analysis consisted of three parts, which are detailed in the 
Sect. “Analysis of the topics of teacher–student interactions, “Analysis of the use of teacher 
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feedback and questions” and “Analyzing the relationship between the topics of interactions 
and the use of feedback and questions”.

Analysis of the topics of teacher–student interactions

The first author started by viewing the video data and reading the transcripts of the 
audio. On the footage, we saw no indication that students behaved differently due to the 
presence of the equipment. With the help of the video data, we identified the interac-
tions in the transcripts. An interaction is the conversation between a teacher and a group 
of students, starting with the arrival of the teacher at a student group and ending when 
the teacher leaves the group. Each interaction consists of several turns, defined as the 
response that an individual gives, defined from the moment that (s)he starts talking until 
(s)he stops talking or is interrupted.

We selected the interactions where the conversation dealt with the design assign-
ment itself; other interactions were not considered relevant for this study. A not-relevant 
interaction contains, for instance, discussions of grades, discussions about the use of a 
mobile phone, classroom management, school schedules, etc. When a teacher displayed 
both relevant and not-relevant turns within an interaction, we included that interaction 
in our analysis, but focused only on the relevant teacher turns. In total, the three indi-
vidual lessons that we analyzed consisted of 116 teacher–student interactions, with 421 
teacher turns. The selection of relevant turns resulted in 336 teacher turns for further 
analysis.

The topics of the teacher turns were classified using the method of analytic coding 
(Cohen et al., 2011). As mentioned above (see Sect. Research questions), we expected 
to see topics related to (1) design steps, (2) the experiment, and (3) chemistry concepts. 
The first author read the interactions and coded the teacher turns within these interac-
tions with topics, then reviewed these codes together with the second author until con-
sensus was reached. While coding, we also found that students asked questions about 
the overall task (4), so a code for this topic was added. This code contains situations 
in which students and their teacher discuss what to do next, how to divide tasks among 
students in the group, and the scope and procedure of the project. We used open coding 
(Cohen et al., 2011) to define subtopics within each topic to further denote the context 
of the teacher’s response. A breakdown of the topics and subtopics of the teacher turns 
can be seen in the results presented in Table 3 (Sect. Analysis of the topics of teacher-
student interactions).

Analysis of the use of teacher feedback and questions

For all 336 teacher turns, we coded the types of feedback and questions used. This was 
an iterative process, in which we went back and forth between teacher responses and 
student responses and reading the whole interaction. The feedback and questions were 
coded in two cycles. In the first cycle, we used analytic coding (Cohen et al., 2011) to 
code the teacher turns. We used our earlier findings (see Table 1) as a basis for the cod-
ing process. For feedback, we initially used the forms of feedback mentioned by Hat-
tie and Timperley (2007), but when reviewing the codes, we identified three overarch-
ing types of feedback that reflected the teacher responses more clearly; teachers used 
feedback to (1) steer students in a certain direction, (2) clarify concepts or tasks, or 
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(3) encourage students to start or continue with a certain task or idea. These three cat-
egories were therefore used to describe the types of feedback provided by teachers. To 
categorize the types of questions, we coded them as low-level questions, deep reasoning 
questions, or generative design questions (Eris, 2004; Cardoso et al., 2016).

Analyzing the relationship between the topics of interactions and the use of feedback 
and questions

In our study, the coding process generates qualitative data with respect to the different cat-
egories found in the data and their co-occurrences. Instead of producing tables with numeri-
cal values of the co-occurrences of categories, we chose to visualize the data in alluvial dia-
grams. This is a type of flow diagram that is generally used to show the structural or temporal 
change in a network (Rosvall & Bergstrom, 2010; Yeung, 2018). In our study, however, we 
used these diagrams to provide a visual overview of the various topics and their links to 
the types of feedback and questions used by teachers, thereby depicting not only these rela-
tionships but also the proportions of interactions in which they were used. This facilitated 
comparisons and the detection of variations in the support that teachers provided in different 
topics.

We made four diagrams, one for each topic, using the open-source graphing library 
plotly for R, a programming language for statistical computing and graphics. In the dia-
grams, the codes are represented by nodes, from or into which the streams flow. The width 
of nodes (placed vertically) and the width of lines or streams (between the different nodes) 
correspond to the number of occurrences of that code in the data. On the left side of each 
diagram, we listed the subtopics of that topic. In the middle, the different subcodes for feed-
back and questions were listed. The right side contains the overall codes for the feedback 
and questions. We then used these diagrams as a visual aid to identify key elements, pat-
terns, and differences in the data. We then went back to the transcripts to read the interac-
tions again, so that we could understand and characterize how teachers try to support stu-
dents’ design activities.

Table 3  Topics identified in the teacher turns

Total number of 
teacher turns

Number of teacher 
turns per topic

Topic Subtopic (number of teacher turns)

336 135 Design steps Idea generation (68)
Design brief (41)
Problem description (18)
Prototype (8)

108 Experiment Procedure/what to do (77)
Outcomes and interpretation (21)
Practical safety and precautions (10)

32 Chemistry concepts Endothermic/exothermic reaction (18)
Warmth/energy (9)
Chemical safety (5)

61 Task Procedure (46)
Performance (15)
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Results

Analysis of the topics of teacher–student interactions

The interactions between a teacher and students or student groups covered four topics: 
design steps, experiment, chemistry concepts, and task. The majority of teacher turns 
comprised responses in the context of design steps and experiments. In the design steps 
topic, we identified the subtopics idea generation, design brief, problem description, and 
prototype. These activities were also central to the design lesson studied here (see also 
Sect. Educational context).

The experiment topic contained the subtopics procedure/what to do, outcomes and 
interpretation, and practical safety and precautions. Regarding ‘procedure/what to do’, the 
teachers and students talked about practical aspects and teachers helped students to con-
tinue their experiments if they were experiencing difficulties. The teachers helped the stu-
dents to understand what they needed to do with the results of their experiments in the 
subtopic ‘outcomes and interpretation’. In the subtopic ‘practical safety and precautions’, 
the teachers mostly pointed out the correct use of lab goggles and coats and stressed safe 
working during the experiments.

Teacher–student interactions on chemistry concepts were also observed, in which the 
teachers supported the understanding of students while they made design choices or per-
formed experiments. Due to the nature of the design assignment, many of the conversations 
were about endothermic and exothermic reactions, and about the concepts of warmth and 
energy. Furthermore, teachers discussed matters of chemical safety with the students, par-
ticularly regarding the use of acids or bases during the experiments. This is different from 
the subtopic ‘practical safety and precautions’ under the experiment topic, as the teacher 
here focuses on chemical properties instead of practical safety measures.

The observation of interactions regarding the goal and tasks of the design assignment 
showed that the teachers explained the task again when clarification was needed. We added 
this topic to the categorization of turns. Within the topic of task, the teacher either dis-
cussed the procedure and explained again what needed to be done, or focused on the per-
formance on the design activities as a whole and discussed with students what was allowed 
and what was not.

The topics of design steps, experiment, and chemistry concepts had a different focus 
than the task topic. The first three topics deal with content-specific details, while the topic 
of task is a more general conversational topic regarding the overall task. Table 3 shows the 
number of turns comprising each topic and subtopics.

Analysis of the use of feedback and questions by the teachers

The analysis of the types of feedback and questions resulted in the identification of three 
types of feedback—encouraging feedback, clarifying feedback, and steering feedback—
and three types of questions: low-level questions, deep reasoning questions, and genera-
tive design questions. Besides defining singular types of feedback and questions, we also 
identified teacher turns in which the teacher used a combination of multiple types; for 
example, the teacher gives feedback and asks questions in a single monologue, perhaps 
to give an aggregation of ideas or concerns that students need to work on. We listed these 
teacher turns as a separate category. There were also turns in which teacher responses did 
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not contain new information. These turns were usually short, and contained responses such 
as “oh”, “hm”, or “okay” (interpreted as ‘I hear what you say’). Such turns were coded as 
‘no use of feedback or questions’, and were not considered supportive to the understanding 
of students. Table 4 lists examples for each of the categories and subcategories of feedback 
and questions.

Analyzing the relationship between the topics of interactions and the use 
of feedback and questions

The combination of topics and types of feedback and questions is visualized in the allu-
vial diagrams in Figs. 1, 2, 3 and 4. The alluvial diagrams allow us to compare the use of 
feedback and questions in different topics and detect differences and similarities. Here, we 
examine these findings and share examples of conversations to illustrate the content and 
forms of the support provided by the teachers. In these findings, we go through all the four 
topics (design steps, experiments, chemistry concepts, and task) and describe the use of 
feedback and questions within these topics.

1. Design steps

 The topic of design steps was supported by the teachers in a variety of ways. Compared 
with the other topics, we see here that encouraging feedback is used relatively more often: 
the encouraging feedback row in Fig. 1 is wider than in Figs. 2, 3, and 4. We can also see 
that the use of generative design questions is present in the topic of design steps (Fig. 1) 
but not in the other topics (Figs. 2, 3 and 4).

On the left of the diagram, we see the subtopics of the design steps topic. Idea genera-
tion and design brief are supported through various means: they have multiple streams of 
varying widths going to almost all variations of feedback and questions. To illustrate the 
use of the means in this topic, four examples are given below.

Example 1 shows a short interaction, where the variation of different types of feedback 
and questions can be seen. The teacher (T) asks the students (S) to explain their idea, and 
then uses feedback to steer the students to think of more ideas. When the student asks a 
question about the task, the teacher clarifies the task and, at the end of the same response, 
points the attention back to the generation of ideas. The teacher here seems to focus specifi-
cally on getting the students to think about design ideas.

Example 1 

Content of turn Means Topic and subtopic

1 T You have come up with an idea. Can you explain 
what is happening there?

Low-level question Design: Idea generation

2 S1 You have two substances. One is in this box and 
the other in that. Then push this up. Then you 
rub…

3 T Great. Okay, very good. Think of some other 
mechanisms too. Just keep thinking about it, 
so that at some point you can choose which is 
the best mechanism.

Steering feedback Design: Idea generation

4 S1 Are we going to make this too?
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Fig. 1  Design steps (135 teacher turns)

Fig. 2  Experiment (108 teacher turns)
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Fig. 3  Chemistry concepts (32 teacher turns)

Fig. 4  Task (61 teacher turns)
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Content of turn Means Topic and subtopic

5 T Yes, the goal is that later on you make a 
prototype as best as you can, so it has to be a 
realistic idea. Also, really think: if I’m going 
to do this, what would this look like? It may 
very well be the case that not everything works 
100% in your prototype, that’s okay. But you 
can simulate as much as possible. Think about 
that too. You don’t have to do that yet; come 
up with some ideas first.

Clarifying feedback Task: Performance

A variation of means can also be seen in Example 2, where the teacher first asks questions 
to understand the idea that students have. After hearing the idea, the teacher seems to question 
its feasibility first, and then chooses to place the responsibility for the design idea back with the 
students. This is an example of how teachers search for balance between steering students in a 
certain direction and encouraging them to learn and find out for themselves what the best idea is.

Example 2 

Content of turn Means Topic and subtopic

3 S2 Is it possible to use ice cream?
4 T Ice cream? Low-level question Design: Idea generation
5 S3 That you cool down an ice cream, that you 

then have such a thing…
6 T So, you wanted to make the heat of a cola can 

disappear in the heating of the ice cream?
Low-level question Design: Idea generation

7 S2 No, the opposite, making the ice cream cold.
8 T Oh! No use of FB or Q Design: Idea generation
9 S2 So that, say, liquid ice cream… But that is not 

possible at all, is it?
10 T But then it is not a drink? Low-level question Design: Idea generation
11 S2 No.
12 S3 Or you have a sort of squeeze cup, and then 

you can squeeze it as it cools down. That 
also exists!

13 T I think you should look up whether that is 
feasible, because when you are in the tropics 
and it is 30 degrees [Celsius] and you want 
to cool it down to − 10 or something. That’s 
a difference of 40 degrees isn’t it? Maybe it 
is possible, you have to take that from your 
measurements of course…

Steering feedback Design: Idea generation

14 S4 Warm lemonade is not tasty.
15 S3 Cold lemonade is also very nasty.
16 T I think that ice cream is a challenge. It is, of 

course, your assignment, but it does sound 
very…

Encouraging feedback Design: Idea generation

Encouragement during design tasks is often given by the teacher thinking along with the 
students. Example 3 shows how one teacher uses his feedback to clarify what is possible, 
and then encourages the students by saying that he would be interested in the product.
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Example 3 

Content of turn Means Topic: subtopic

1 S1 What does this say here?
2 T You can also set your own requirements. Clarifying feedback Design: Design brief
3 S2 Yes, can we also make ice cream with this?
4 S1 Sir, would you buy a cappuccino ice cream?
5 S2 Then we make the cappuccino like this, and we put it 

in a mold with a stick and you have an ice cream.
6 T Then I think the requirement is that you want the 

minimum temperature lower.
Clarifying feedback Design: Design brief

7 S2 But would you like a cappuccino ice cream?
8 S1 It is just a question of whether it is possible.
9 T Whether it is possible is yours to discover. You 

certainly can try.
Clarifying feedback Design: Design brief

10 S1 So, can we do it? Can we also reduce the mini-
mum temperature to − 20 °C?

11 T Yes. Clarifying feedback Design: Design brief
12 S1 How cold is the freezer?
13 S3 –7 °C.
14 T You can see whether that is feasible. Clarifying feedback Design: Design brief
15 S2 Sir, would you buy a cappuccino ice cream?
16 T I would, yes. Encouraging feedback Design: Design brief
17 S2 Yes.
18 T Just to taste and try. Encouraging feedback Design: Design brief

As we mentioned before, generative design questions comprise a relatively small por-
tion of all interactions. Instead of using questions, we see that teachers more commonly 
use feedback to comment on and encourage the generative aspect of designing. Teachers 
draw attention to idea generation when students do not think of it themselves. In Example 
4 below, the teacher mentions the generation of ideas as part of the bigger assignment. 
While he asks a generative design question in between, the teacher further continues to 
give instructions and clarify what needs to be done with respect to the generation of ideas.

Example 4 

Content of turn Means Topic: subtopic

1 S1 Is it a good idea to add some kind of sugar to 
the ice cream?

2 T I like that very much, yes. Yes, seriously. That 
you make it a little bit sweeter.

Encouraging feedback Design: Design brief

3 S1 Slightly sweeter, so it tastes a bit like ice 
cream. And it has to be on a stick.

4 T That is your opinion. That is your requirement: it 
must be on a stick. The requirement for the ice 
cream. You don’t have to fill in everything, okay?*

Clarifying feedback Design: Design brief

5 S1 Well, I do want to do that. I don’t like it when a 
box* is empty. Do you think this drawing is 
good enough, or is something else needed here?
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Content of turn Means Topic: subtopic

6 T You also need to think of other ideas. Clarifying feedback Design: Idea genera-
tion

7 S1 What do you mean?
8 T That this is only one way to… Clarifying feedback Design: Idea genera-

tion
9 S1 We have one box.*
10 T You can also think of a completely different 

way in which you can achieve a cappuccino.
Clarifying feedback Design: Idea genera-

tion
11 S1 How to achieve a cappuccino…
12 T Yes, how do you get a cappuccino? Generative-design 

question
Design: Idea genera-

tion
13 S1 It must be frozen. You can put it in nitrogen, 

but then you can’t bring it with you.
14 T No, exactly. So, you can think of some more 

ideas that hopefully are a bit more realistic. 
Those guys are now testing…

Clarifying feedback Design: Idea genera-
tion

15 S1 Yes, I said, “You do that, I’ll finish this.“
16 T That’s good, but try to make some other draw-

ings as well.
Steering feedback Design: Idea genera-

tion
17 S1 Yes, but we don’t have that much space any-

more because it’s a cartoon.
18 T Yes, so this is actually one thing. You have 

one more piece of paper, you can also use 
the back. Fine, fill it up.

Steering feedback Design: Idea genera-
tion

*The conversation refers to the box on the worksheet in which they write their ideas

2. Experiment

 With respect to the experiments, we again see that teachers use various means to guide 
students through different situations. On the left of the diagram, we can see that the larg-
est share of teacher turns within this topic deals with the subtopic ‘procedure/what to do’ 
(Fig. 2), with the teachers providing guidance on the experiment task and what needs to be 
done. This happens in different ways. Sometimes teachers start by clarifying the assignment 
so that the students can continue. This is illustrated in example 5, in which the teacher takes 
the responsibility and reduces the cognitive load by explaining what needs to be done.

Example 5 

Content of turn Means Topic: subtopic

1 S1 Do you just have to mix this together 
every time? This and this and then 
measure with a thermometer? (Stu-
dent points to reaction tubes)

2 T Let’s see. Here it says what is what. 
(Teacher looks at experiment proce-
dure on paper)

Clarifying feedback Experiment: Procedure/what to do

3 S1 We are doing exothermic reactions.
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Content of turn Means Topic: subtopic

4 T Yes, exactly. So, you have 1 and 2, so 
one is 1 and the other is 2. Magne-
sium is written on it, so this is the 
magnesium and belongs to experiment 
1, and this belongs to experiment 
2. What you have to do is use the 
stopwatch and the thermometer. You 
need to know how fast it gets hot and 
how hot it gets. Then, indeed, you are 
meant to mix A and A together and B 
and B together, so those two and those 
two together. It is especially important 
that you do this with a timer and a 
thermometer. I think it’s fine if you 
use your mobile phone for that.

Clarifying feedback Experiment: Procedure/what to do

In Example 6, also within the subtopic ‘procedure/what to do’, we see that the teacher 
uses a different approach and keeps using deep reasoning questions about a relatively sim-
ple matter, relying on the logical thinking of the students themselves. The example illus-
trates how one of the students understands what to do and explains it to a fellow student.

Example 6 

Content of turn Means Topic: subtopic

1 T Leo, you just had a question. Encouraging feedback Experiment: Procedure/what to do
2 S1 Yes, can we put those test tubes 

together [mix the contents] and 
then add the water?

3 T Where should water be added? Low-level question Experiment: Procedure/what to do
4 S1 Water. (Student points to experi-

ment procedure on paper)
5 T Why should water be added? Deep reasoning question Experiment: Procedure/what to do
6 S1 Here, ammonium chloride and 

water. (Points to experiment 
procedure on paper)

7 T Yes, but what do you think is in 
the test tube.

Deep reasoning question Experiment: Procedure/what to do

8 S2 Water.
9 S1 Water.
10 T And what’s in the other? Deep reasoning question Experiment: Procedure/what to do
11 S1 Ammonium chloride.
12 T Yes, exactly. Do you think you 

need to add more water?
Deep reasoning question Experiment: Procedure/what to do

13 S1 Yeah, no.
14 S3 Why not?
15 S1 Because there is water in there.
16 S3 Is there water in there?
17 S1 Yes.
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Another situation that occurs during the performance of experiments is when teachers 
focus on practical safety and precautions. Teachers respond mostly with simple low-level 
questions, such as: ‘Can you put your lab glasses on?’ or they directly state what needs to 
be done: ‘button down your lab coat.’

3. Chemistry concepts

 In the topic of chemistry concepts, a large share of the support consisted of clarifying 
feedback (Fig. 3). We found no steering feedback in this topic, and although there is some 
use of encouraging feedback, it is a relatively small part of the support given in this topic 
relative to the other topics (see Figs. 1, 2, and 4).

Example 7 contains a situation in which the teacher uses clarifying feedback and explains 
that the assignment relies on the concept that, when brought together, substances can cause 
an energy effect through endothermic or exothermic reactions. This clarification was appar-
ently needed, as the students did not grasp that chemistry concept yet. The teacher seems to 
add information to the ideas that the students already have without imposing, as if to brain-
storm together. This shows how the teacher speaks at the level of the student.

Example 7 

Content of turn Means Topic: subtopic

…
15 S3 Well, we are still discussing a little 

bit about what we need to do.
16 T Okay. But… you do not know yet 

whether you want to cool down 
or warm up, for example?

Low-level question Chemistry concepts: Endothermic/
exothermic reaction

17 S4 Warming up, yes. That does seem 
more convenient to me.

18 S3 Yes, cooling down will be difficult 
because you then need to use a 
reaction that becomes cold. That 
is usually with air pressure, that 
it becomes cold.

19 S4 Or you put, let’s say, those ice cubes. 
That when you squeeze them, 
they get cold. Like, there are those 
plastic things and you put water 
in them. If there is something in 
there, then it becomes cold, you 
can just put it in the freezer.

20 S3 Only, when you are in a tropical area, 
and you are walking for an hour and 
a half, those things will have melted.

21 S4 That is normal with ice cubes.
22 S3 Yes, exactly…
23 T We have substances here at room tem-

perature. If you mix them together, 
[the reaction] gets very cold.

Clarifying feedback Chemistry concepts: Endothermic/
exothermic reaction

24 S3 Yes, then that is also handy, actually.
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Content of turn Means Topic: subtopic

25 S4 Can [the reaction] then also be 
reversed or are they no longer 
usable afterwards?

26 S3 A one-time reaction.
27 T Yes, that’s going one way for now. 

We can get them back to their 
original state with a chemical 
process, but if you mix them 
now, you will always see the 
same, that it gets cold.

Clarifying feedback Chemistry concepts: Endothermic/
exothermic reaction

28 S3 Maybe if you can fill it up or 
something, you can put it back 
in. Are they corrosive substances 
or toxic substances?

29 T You shouldn’t drink them. You 
have to assume, I think, you don’t 
want to put what we are offering 
through your drink… At least, if 
that’s what you meant…

Clarifying feedback Chemistry concepts: Chemical safety

…

In the topic of chemistry concepts, support is also given with low-level questions and deep 
reasoning questions. The low-level questions can be used in a diagnostic way, with the teacher 
first asking questions like ‘what do you want to do?’ or ‘what does that say?’, before going into 
other means of support. Alternatively, low-level questions are also used to help students move 
in small steps towards the answer. Example 8 is such a case, where the teacher first connects 
to the knowledge that students have with the help of low-level questions, and then asks a deep 
reasoning question where the students need to connect the information they have to come to an 
answer. Even though the steps towards the solution are small in this example, the interaction 
demonstrates the use of questions as a means to support students in moving towards the answer.

Example 8 

Content of turn Means Topic: subtopic

1 S1 Sir, we want to cool something, 
is that endothermic or exo-
thermic?

2 T Hmm… What does an endother-
mic reaction do? What does an 
exothermic reaction do?

Low-level question Chemistry concepts: Endothermic/
exothermic reaction

3 S1 It takes energy.
4 T Yes, exothermic: heat is 

released. If something is an 
exothermic reaction and heat is 
released, does the environment 
get warmer or colder?

Low-level question Chemistry concepts: Endothermic/
exothermic reaction

5 S1 I think warmer.
6 T Warmer. What do you want? 

You want to make it colder. 
What do you need then?

Deep reasoning question Chemistry concepts: Endothermic/
exothermic reaction

7 S1 Endothermic.
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Content of turn Means Topic: subtopic

8 T Exactly, very good. Encouraging feedback Chemistry concepts: Endothermic/
exothermic reaction

4. Task

During the design assignment, teachers spent time reexplaining the procedure of the 
overall task to students or student groups. Although the teachers did not specifically sup-
port the design steps, experiments, or chemistry concepts, and the level of the conversation 
is different, we found it noteworthy, as this reflects how the teachers manage the inexperi-
ence the students have regarding design assignments. When students are stuck on the task 
itself, are unclear on what to do, or have questions about what is or is not allowed, the 
teachers mostly respond either with clarifying feedback or steering feedback. Example 9 
starts with the teacher responding to a question about whether the students need to work 
together on the same assignment. The teacher answers the question and takes the oppor-
tunity to stress the division of tasks among group members, explaining why students need 
to think about their design before starting the experiments. These clarifications help the 
students to stay on track with the design assignment.

Example 9 

Content of turn Means Topic: subtopic

1 T Yes, this is your team that you do the whole assignment 
with. In a moment, in ten minutes, it is wise to con-
tinue in two groups. One group will think about ideas, 
the other group will think about doing the research 
and they will carry it out.

Clarifying feedback Task: Procedure

2 S1 There is no point in doing the research without ideas, 
right?

3 T First you think: do I want endothermic or exothermic? 
Then you go to [the lab assistant], saying: ‘We want 
to do the endothermic tests.‘ Or you go to [him]: ‘We 
want to do the exothermic tests.‘ You only get one of 
the two. [The lab assistant] wants to know which, and 
then you will be given those experiments. After that, 
the others can maybe think… Of course, you are all 
sitting at a table, so consult with each other. Maybe 
you have ideas but one person writes them down, or 
draws them, showing what that cup will look like or 
what the whole design will look like.

Clarifying feedback Task: Procedure

Sometimes, teachers combine multiple types of feedback and questions in one longer 
answer. This happens across all topics; however, it occurred more frequently when provid-
ing support for the task. The teacher combines feedback and questions of different sorts 
together in one monologue. In Example 10, one such situation is given. The teacher asks a 
low-level question and, without waiting for the answer, continues with steering feedback. 
The teacher takes control of the process in order to push the students forward and let them 
focus on the smaller tasks within the design assignment.
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Example 10 

Content of turn Means Topic: subtopic

1 T Do you already know whether you want to make it 
hot or cold? Then I advise you make agreements 
about who will now be doing the research.* You are 
here at the table after all. You can keep brain-
storming together, but then you can also start the 
research. You also need time for that.

Multiple
(low-level question, 

steering feedback)

Task: Procedure

2 S1 Should I get [the materials for the experiment] there?
3 T Yes. Then you can let [the lab assistant] know: ‘I 

need an endothermic or an exothermic reaction’. 
Then you get the experiment in which you can test 
either endothermic or exothermic reactions.

Clarifying feedback Task: Procedure

*The teacher refers here to the experiments

Conclusions from results

This study focused on a case of three teachers introducing design assignments in the chem-
istry classroom. We analyzed the conversations that teachers and students had during a 
design-based chemistry project. First, we were interested in the topics of these conversa-
tions (RQ1). The conversations between teacher and students covered the following topics: 
design steps, the performance of experiments, chemistry concepts, and the overall tasks. 
Design steps discussions included conversations on the generation of ideas, the design 
brief, the problem description, and the prototype. The experiment topic comprised discus-
sions on the procedure of the experiment and what the students needed to do, the outcomes 
and interpretation of the results, and practical safety and precautions. When talking about 
chemistry concepts, the teacher and students discussed endothermic and exothermic reac-
tions, the concepts of warmth and energy, and discussed chemical safety. In the task topic, 
we observed conversations about the procedure of the entire design assignment and discus-
sions about what was and was not allowed in the design assignment.

Second, we wanted to know what types of feedback and questions teachers use to 
discuss these topics, and how they are used to support students (RQ2). In our data, we 
identified the provision of feedback categorized as either steering feedback, encouraging 
feedback, or clarifying feedback, and questions in the form of low-level questions, deep 
reasoning questions and generative design questions. Each topic appears to be guided in 
a different way. The design steps were supported through a variety of means, and students 
were encouraged during their work on the design tasks. We also observed the use of gener-
ative design feedback and questions, stimulating students to think of new ideas. The experi-
ments were guided with the notion of safety in mind. Teachers used clarifying feedback 
regarding the procedure, so that students could continue with their tasks. Chemical con-
cepts were similarly supported. In conversations about the overall task, students were often 
unclear about what exactly had to be done. Teachers mostly explained what to do and clari-
fied the boundaries of the tasks so that students could continue.

We conclude that teachers provide more open, constructive, and encouraging support 
for the design tasks, while experiments and chemistry concepts are supported in a closed, 
clarifying, and steering manner.
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Discussion

Research into how teachers verbally support students in design-based chemistry projects is 
mostly uncharted territory. Much is known about design education and chemistry educa-
tion, but not about the cross-section of these areas and how best to support students during 
design activities in the chemistry classroom. In our study, we observed how teachers sup-
port students with the different topics in a design assignment. The findings show that teach-
ers encourage, guide, and coach students in design thinking, while telling students what 
to do during the experiments. This reflects the findings of McDonnell (2016) with respect 
to the role of teachers in design education. It was interesting to observe that the chemistry 
teachers in this study guided students using encouragement and coaching because regular 
chemistry lessons are often more guided through instruction and steering. This type of sup-
port may also have been influenced by the focus of teachers on the design aspect in our 
study, which was the main novel part of the assignment in their chemistry classrooms. The 
experiments and the chemistry concepts in the project were not central to the assignment, 
but used as means to think about the design. Specifically for chemistry, the steering on the 
topic of experiments may also be inherent to the subject, where attention to safety and pre-
cautionary measures in practice are required. The teachers try to remove the cognitive and 
practical hurdles that experiments and chemistry concepts contain, so that the students can 
finally start designing.

The use of feedback and questions shows similarities with our earlier study, in which 
we interviewed teachers about their support during design projects in the classroom (see 
Table 1). We found that the types of feedback provided in this study needed a different cat-
egorization than the one used in the previous study. The practical guidance analyzed in the 
current study further shapes the interview-derived findings of the earlier study.

Here, we found that the use of generative design questions was relatively low. We 
expected that generative design questions would have been more prevalent in the design 
tasks of the project (see, for instance, Eris, 2004; Cardoso et al., 2016). The stimulation of 
divergent thinking is an important part of guiding idea generation in the design process. 
It is interesting to see that the teachers in this study use feedback instead of asking ques-
tions to provide ‘divergent’ or generative design ideas. This is in line with literature where 
design feedback can direct both convergence and divergence (Daly & Yilmaz, 2015). 
Future studies could elaborate on the use of divergent feedback and question possibilities in 
design-based chemistry projects or those of other STEM subjects, as this may complement 
the more convergent nature of STEM subjects in general and add to the skill set of students 
(Land, 2013).

In our study, we focused on teacher support, not on student outcomes. Other studies 
have placed more emphasis on the student outcomes or the design task itself (e.g., Van 
Breukelen et al., 2017; Kolodner et al., 2003; Apedoe et al., 2008). Future research into the 
connection between verbal support and student outcomes is needed to precisely understand 
how teacher support influences student outcomes. We did perceive, however, that students 
had many questions about the design tasks during the lesson. There seems to have been an 
uneasiness and unfamiliarity with design and its goal. This could be because the students 
were not used to this form of lesson during their regular chemistry classes, despite having 
undertaken two design projects earlier in the year. Due to this lack of experience, they may 
have felt insecure. To properly and effectively perform design assignments, students need 
experience with this form of education.
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This study is a first step in exploring what chemistry teachers do to guide students in 
secondary education and how they use verbal support. This support can be seen as part 
of scaffolding students to learn about design and chemistry. In the context of scaffolding, 
more research is needed to understand how teachers adapt their support to the students. 
Scaffolding consists of a continuous adaptation of support to the situation that the learner 
and teacher are experiencing. This ‘tailoring’ of support dynamically changes depending 
on the needs of the student and the assessment and estimation by the teacher of where the 
student stands relative to the learning needs and goals. To gain a broader perspective on 
scaffolding in the context of design-based chemistry projects requires a study of the tailor-
ing of their support over a longer period of time.

We were able to gain useful practical insights through this in-depth case study by char-
acterizing the varied and adaptive support provided by teachers. The results of this study 
may prove insightful for other chemistry projects, or design projects in other STEM sub-
jects. ‘Regular’ experiment setups in the chemistry classroom could be improved by the 
guidance of design-based practices. In our results, we see that the teachers take control 
on certain subject-specific aspects, such as safety and conceptual knowledge. At the same 
time, teachers encourage student creativity on other topics, facilitating a more student-cen-
tered approach. Also, teachers scaffold doing and thinking differently (McDonnell, 2016). 
The topic of the conversations may be different for other STEM subjects, but we expect a 
similar variation in the verbal support that teachers provide to their students. Our findings 
on how teachers support design steps, and that each step can be supported with different 
means, can also be useful for design teachers.

The use of alluvial diagrams to visualize relations and proportions in the findings is 
a methodological contribution, and using this as a tool for analysis may prove useful for 
other areas of exploratory or descriptive research. Visualizations in general may help both 
the researcher and the reader to understand and untangle data regarding complex processes, 
such as scaffolding, by showing a multi-faceted image of how teachers operate during 
teacher–student interactions. In our study, this worked as a method for recognizing patterns 
and spotting distinctions in the data. It can support and reduce the workload when analyz-
ing, as it can work as a lens to focus on patterns in the data from different angles.

Acknowledgements The research reported in this article was carried out within the Dudoc-Bèta program, 
with financial support from the Dutch Ministry of Education, Culture and Science.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Adams, R. S., Forin, T., Chua, M., & Radcliffe, D. (2016). Characterizing the work of coaching during 
design reviews. Design Studies, 45, 30–67.

Apedoe, X. S., Reynolds, B., Ellefson, M. R., & Schunn, C. D. (2008). Bringing engineering design into 
high school science classrooms: The heating/cooling unit. Journal of Science Education and Technol-
ogy, 17(5), 454–465.

http://creativecommons.org/licenses/by/4.0/


 S. Sheoratan et al.

1 3

Boud, D., & Molloy, E. (2013). Rethinking models of feedback for learning: the challenge of design. Assess-
ment & Evaluation in Higher Education, 38(6), 698–712.

Brophy, S., Klein, S., Portsmore, M., & Rogers, C. (2008). Advancing engineering education in P-12 class-
rooms. Journal of Engineering Education, 97(3), 369–387.

Bybee, R. W. (2014). NGSS and the next generation of science teachers. Journal of Science Teacher Educa-
tion, 25(2), 211–221.

Cardoso, C., Badke-Schaub, P., & Eris, O. (2016). Inflection moments in design discourse: How questions 
drive problem framing during idea generation. Design Studies, 46, 59–78.

Cohen, L., Manion, L., & Morrison, K. (2011). Research methods in education, 7. Routledge.
Daly, S. R., & Yilmaz, S. (2015). Directing convergent and divergent activity through design feedback. 

Bookchapter from analyzing design review conversations, Robin S. Adams & Junaid A. Siddiqui (edi-
tors), December 2015, 21; 413–429.

Dannels, D., Gaffney, A. H., & Martin, K. N. (2008). Beyond content, deeper than delivery: What critique 
feedback reveals about communication expectations in design education. International Journal for the 
Scholarship of Teaching and Learning, 2(2), 2.

Eris, O. (2004). Effective inquiry for innovative engineering design (Vol. 10). Springer.
Goldschmidt, G., Hochman, H., & Dafni, I. (2010). The design studio “crit”: Teacher–student communica-

tion. Ai Edam, 24(3), 285–302.
Goldschmidt, G., Casakin, H., Avidan, Y., & Ronen, O. (2014). Three studio critiquing cultures. Fun fol-

lows function or function follows fun?.
Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77(1), 81–112.
Hmelo, C. E., Holton, D. L., & Kolodner, J. L. (2000). Designing to learn about complex systems. The Jour-

nal of the Learning Sciences, 9(3), 247–298.
Hofstein, A. (2004). The laboratory in chemistry education: Thirty years of experience with developments, 

implementation, and research. Chemistry Education Research and Practice, 5(3), 247–264.
Hofstein, A., & Lunetta, V. N. (2004). The laboratory in science education: Foundations for the twenty-first 

century. Science Education, 88(1), 28–54.
International Technology and Engineering Educators Association (2020). Standards for technological and 

engineering literacy: The role of technology and engineering in STEM education. www. iteea. org/ 
STEL. aspx

Jadallah, M., Anderson, R. C., Nguyen-Jahiel, K., Miller, B. W., Kim, I. H., Kuo, L. J., & Wu, X. (2011). 
Influence of a teacher’s scaffolding moves during child-led small-group discussions. American Educa-
tional Research Journal, 48(1), 194–230.

Kolodner, J. L., Camp, P. J., Crismond, D., Fasse, B., Gray, J., Holbrook, J., & Ryan, M. (2003). Problem-
based learning meets case-based reasoning in the middle-school science classroom: Putting learning 
by design (tm) into practice. The Journal of the Learning Sciences, 12(4), 495–547.

Land, M. H. (2013). Full STEAM ahead: The benefits of integrating the arts into STEM. Procedia Com-
puter Science, 20, 547–552.

Lippman, P. C. (2010). Evidence-based design of elementary and secondary schools: A responsive approach 
to creating learning environments. Wiley.

McDonnell, J. (2016). Scaffolding practices: A study of design practitioner engagement in design education. 
Design Studies, 45, 9–29.

Puntambekar, S., & Kolodner, J. L. (2005). Toward implementing distributed scaffolding: Helping stu-
dents learn science from design. Journal of Research in Science Teaching: The Official Journal of the 
National Association for Research in Science Teaching, 42(2), 185–217.

Rosvall, M., & Bergstrom, C. T. (2010). Mapping change in large networks. PLoS ONE, 5(1), e8694.
Saye, J. W., & Brush, T. (2002). Scaffolding critical reasoning about history and social issues in multimedia-

supported learning environments. Educational Technology Research and Development, 50(3), 77–96.
Sheoratan, S., Henze, I., Barendsen, E., & de Vries, M. J. (2021). Teachers’ reported practice of verbal scaf-

folding during design activities. In Design-based concept learning in science and technology educa-
tion (pp. 344–371). Brill Sense.

Stammes, H., Henze, I., Barendsen, E., & de Vries, M. J. (2021). Teachers noticing Chemical thinking while 
students plan and draw designs.Design-based concept learning in science and technology education 
(pp. 311–343). Brill Sense.

Steen-Utheim, A., & Hopfenbeck, T. N. (2019). To do or not to do with feedback. A study of undergraduate 
students’ engagement and use of feedback within a portfolio assessment design. Assessment & Evalua-
tion in Higher Education, 44(1), 80–96.

Stricker, D. R. (2011). A case study: Teaching engineering concepts in science. Journal of STEM Teacher 
Education, 48(2), 63–102.

http://www.iteea.org/STEL.aspx
http://www.iteea.org/STEL.aspx


Teacher practices of verbal support during a design project…

1 3

Tabak, I. (2004). Synergy: A complement to emerging patterns of distributed scaffolding. The Journal of the 
Learning Sciences, 13(3), 305–335.

Van Breukelen, D. H., de Vries, M. J., & Schure, F. A. (2017). Concept learning by direct current design 
challenges in secondary education. International Journal of Technology and Design Education, 27(3), 
407–430.

Van Breukelen, D., Schure, F., Michels, K., & de Vries, M. (2016). The FITS model: An improved learning 
by design approach. Australasian Journal of Technology Education, 3(1). https:// doi. org/ 10. 15663/ ajte. 
v3i1. 37

Van de Pol, J., Volman, M., Oort, F., & Beishuizen, J. (2015). The effects of scaffolding in the classroom: 
Support contingency and student independent working time in relation to student achievement, task 
effort and appreciation of support. Instructional Science, 43(5), 615–641.

Warwick, P., Mercer, N., & Kershner, R. (2013). ‘Wait, let’s just think about this’: Using the interactive 
whiteboard and talk rules to scaffold learning for co-regulation in collaborative science activities. 
Learning Culture and Social Interaction, 2(1), 42–51.

Yeung, A. W. K. (2018). Data visualization by alluvial diagrams for bibliometric reports, systematic reviews 
and meta-analyses. Current Science, 115(10), 1942–1947.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.15663/ajte.v3i1.37
https://doi.org/10.15663/ajte.v3i1.37

	Teacher practices of verbal support during a design project in the chemistry classroom
	Abstract
	Introduction
	Background
	The role of a teacher in design education
	Design activities and chemistry education
	Scaffolding
	Supporting design activities with feedback and questions

	Aim of this study
	Research questions
	Educational context

	Method
	Participants
	Data collection
	Data analysis
	Analysis of the topics of teacher–student interactions
	Analysis of the use of teacher feedback and questions
	Analyzing the relationship between the topics of interactions and the use of feedback and questions


	Results
	Analysis of the topics of teacher–student interactions
	Analysis of the use of feedback and questions by the teachers
	Analyzing the relationship between the topics of interactions and the use of feedback and questions

	Conclusions from results
	Discussion
	Acknowledgements 
	References


