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ABSTRACT
Background: Practical work in school science has been ineffective 
due to students not connecting hands-on to minds-on aspects. 
With the designation Thinking-Back-and-Forth (TBF)we present a 
framework with a taxonomy of TBF activities.
Purpose: Aim was to gain insight how teachers stimulate and 
support their students in TBF. Detailed information about what 
teachers do and what limitations they experience, provides insight 
into how they pay attention to TBF and how this can be improved.
Sample: Nineteen Dutch physics and chemistry teachers in grades 
8 and 9.
Design and Methods: Based on the TBF framework an observation 
instrument was developed to analyse activities and teacher beha
viour. 19 practical science lessons were observed and teachers were 
interviewed about their behaviour and the learning activities they 
pursue regarding TBF.
Results: Overall, teachers seem to consider practical work primarily 
from the point of view of conducting an experiment. They encou
rage TBF predominantly by having their students draw conclusions 
or generate explanations. Assigning tasks to design experiments or 
generate predictions is less common and activities fostering discus
sions are rarely observed. Insufficient hands-on and minds-on stu
dent abilities as well as limited time available are seen as 
impediments. Another major impediment is teachers’ lack of cog
nizance of possible TBF activities while designing practical lessons.
ConclusionS: Teachers have a positive attitude towards TBF. They 
indicated that the TBF framework with the taxonomy of activities 
functioned as a reflection tool to think moreconsciously about their 
lessons and offers the possibility to improve existingpractical work. 
This indicates that the TBF framework can be used by teachersand 
teacher-educators to provide more diverse student activities to 
connecthands-on to minds-on. This study also showed that cogni
zance about designingand implementing TBF activities in practical 
work needs to be improved in bothpre-service and in-service tea
cher training.
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Introduction

Practical work has a long history in science curricula and is widely considered as distin
guishing science from other subjects (Abrahams 2005; Hodson 1993; Hofstein and Lunetta 
1982). It is a much-used educational activity typically taking place in a school laboratory. 
As a definition of practical work, we use ‘any science teaching and learning activity in 
which the students, working individually or in small groups, observe and/or manipulate 
the objects they are studying’ (Millar 2010, 109). Central to practical work are the hands- 
on-activities the students perform as they manipulate or observe a phenomenon regard
ing the world around them. Pedagogically, the distinctive characteristic of practical work 
is the unique possibility that students ultimately make a clear connection between their 
measurements, manipulations, observations and the underlying theoretical concepts or 
ideas (Abrahams and Millar 2008; Hodson 2014; Osborne 2015). These underlying con
cepts or ideas constitute the minds-on-aspects of the practical work. We use the term 
Thinking-Back-and-Forth (TBF) to refer to activities during practical work that require 
students to make connections from hands-on to minds-on and/or vice versa.

Many authors consider creating opportunities for TBF, as a central purpose of practical 
work (e.g. Hofstein and Lunetta 2004; van den Berg 2013). Reiss (2018) emphasizes that 
the role of practical work in science curricula should be one in which students think about 
why they are doing what they are doing. Osborne (2015) advocates the view that practical 
work can only play a meaningful role in science teaching if it contains both a hands-on 
and a minds-on component, which inevitably means creating opportunities for TBF.

Paradoxically, teachers use practical work relatively ineffectively because they seem 
not to provide their students with many opportunities to engage in TBF (Abrahams and 
Millar 2008; Abrahams and Reiss 2012; Hofstein and Lunetta 2004; van den Berg 2013). 
Despite the growing body of research into practical work, actual practice has not gained 
much in this respect (Hofstein and Kind 2012). In one study, Ian, Reiss, and Sharpe (2014) 
concluded that classroom practice benefited only slightly and only in specific circum
stances from a professional teacher development program specifically designed to 
increase the focus on mind-on aspects during practical work. For research findings to 
become used in the classroom, it is imperative that teachers are provided with the means 
to create tangible teaching materials based on the research findings (Ratcliffe et al. 2005; 
Loi, Nadelson, and Nadelson 2020). To improve practical work, more information is 
needed to what extent teachers allow their students to carry out TBF activities, how 
teachers try to stimulate TBF, what guidance they provide and what impediments they 
perceive in stimulating TBF activities as their current practice is the starting point of any 
training intervention for improvement.

Based on the TBF concept, we developed a taxonomy of TBF activities, building upon 
an observational instrument from Millar (2009) aimed at distinguishing activities that 
relate to the domain of objects and observables (hands-on) and activities that relate to the 
domain of ideas (minds-on). Such a taxonomy of TBF activities provides the opportunity to 
investigate teacher practices with respect to connecting hands-on to minds-on in detail.

In this study, we used our developed taxonomy of TBF activities to gain insight into 
how TBF activities are performed in the classroom and what limitations may arise for 
teachers. We will do this by performing an exploratory observational study into the actual 
practice of practical work in Dutch secondary schools and by interviewing teachers. First, 
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a theoretical framework is discussed with an overview of TBF activities with which we 
observed teachers’ activities and behaviour during practical work. After the observation, 
the teacher was interviewed about the design of the practical work and their classroom 
behaviour. The main research questions to be answered were as follows: 1) What activities 
do teachers use to stimulate TBF, 2) How often is attention allocated to TBF, 3) In which 
way are TBF activities guided and supported by teachers, and 4) Which impediments or 
opportunities for TBF do teachers identify?

A close observation of practical work provides a lot of information about what teachers 
are already doing in class, but also about what they are not yet doing or what can be 
improved. A detailed picture of the impediments and opportunities will provide focus on 
how to support teachers to realize improvement. The developed framework and observa
tion tool may be applicable in future research but can also serve as reflection tools to 
support teachers with suggestions and recommendations for improving practical work, in 
alignment with calls for such a focus in teacher professional development programs 
(Akuma and Callaghan 2019).

Taxonomy of TBF activities

In this study, we elaborate on the distinction between the domain of observables and the 
domain of ideas as used in previous studies (Abrahams and Millar 2008; Abrahams and Reiss 
2012) and teacher training programs (Ian, Reiss, and Sharpe 2014) by explicitly mentioning 
the linking of these two domains as defining criteria for TBF. In doing so, TBF is defined as 
any reasoning activity in which a student uses at least one aspect from both domains.

The concept of TBF is a functional translation intended for classroom use of the dual- 
space search model of scientific inquiry as developed by Klahr and Dunbar (1988) who 
consider connecting hands-on and minds-on to be at the heart of scientific discovery. 
They argue that scientific discovery and reasoning consist of connected searches in two 
related problem spaces: ‘the hypothesis space, consisting of the hypotheses generated 
during the discovery process, and the experiment space, consisting of all possible experi
ments that could be conducted’ (p. 32). Translated to classroom practical work, this means 
students should be encouraged to use concepts and ideas they already know to guide 
their experimentation and use the results from these experiments to refine or extend 
these concepts and ideas. A concrete classroom example is a practical activity that asks 
students to device a simple experiment to determine the ratio in which two reactants 
react in a chemical reaction based on their knowledge of pH-scale and subsequently use 
the outcomes to learn new concepts about acid-base-reactions, creating a lot of oppor
tunities for TBF.

TBF is directly related to scientific reasoning. More specifically, some of the activities 
involved in scientific reasoning explicitly link hands-on to minds-on or vice versa, such as 
planning and conducting experiments well, drawing conclusions when warranted and 
properly assessing the quality of an argument, including its reasons, assumptions, evi
dence, and degree of support for the conclusion (Bailin 2002; Dunbar and Fugelsang 2005; 
Hager et al. 2003; Zimmerman and Croker 2014). When applied to science education, the 
role of practical work and TBF is emphasized in activities such as hypothesis testing, 
analysing evidence and the evaluation of inferences (e.g. Vieira, Tenreiro-Vieira, and 
Martins 2011).
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Many inquiry-based learning or discovery learning approaches also use practical work 
extensively (e.g. Abd-El-Khalick et al. 2004; Alfieri et al. 2011; Pedaste et al. 2015), and 
many of the inquiry-activities students have to perform in those approaches constitute 
TBF activities. Therefore, inquiry or research skills have been a valuable source for our TBF 
taxonomy, like those mentioned in the Next Generation Science Standards (NGSS). 
Because of the emphasis on inquiry in the NGSS, TBF also plays a pivotal role as many 
scientific practices require TBF, e.g. developing and using models, analysing and inter
preting data, constructing explanations, engaging in argument from evidence and TBF 
can aid in developing crosscutting concepts like cause and effect, system models, stability 
and change (National Research Council 2012).

For this study, we regard the four ways of linking the domain of observables to the 
domain of ideas as the main categories of TBF activities: explain, conclude, predict and 
design an experiment (see Figure 1). The sources for distinguishing activities within these 
main categories vary from the literature on pedagogy of practical work (Chinn and Brewer 
1993; Harrison 2016; Hofstein and Lunetta 2004; Lunetta, Hofstein, and Clough 2007; 
Millar 2010; Tamir and Lunetta 1981) to learning about the nature of science and learning 
inquiry skills (Etkina et al. 2006; Hart et al. 2000; Hofstein and Lunetta 2004; NRC 2012), to 
activities from authentic science feasible to attain in school science (Chinn and Malhotra 
2002). The Practical Activity Analysis Inventory (Millar 2009) has been a valuable source as 
well.

The category Explain includes activities aimed at giving a scientific reason for an 
observed phenomenon by generating a possible explanation for the data or describing 
it with appropriate scientific terminology. In both cases, the starting point of thinking- 
back-and-forth is observations or measurements. The interpretation of anomalous data 
merits its separate mention as an activity as it can serve as an important way to stimulate 
cognitive change (Chinn and Brewer 1993). It is a crucial part of the practice of scientists 
(Chinn and Malhotra 2002) and it has proven to be a successful activity in the classroom 
(Gunstone 1990). A discussion of the validity of the explanation can take different forms. 
Millar (2009) mentions two related ways explicitly: 1) ‘Decide if a given explanation applies 
to the particular situation observed’ and 2) ‘Decide which of two (or more) given 
explanations best fits the data’ (p. 14). Both ways can provide students with scaffolds, 
when generating their own explanation is too difficult or undesirable given the possibility 
of misconceptions. A third activity that discusses the validity of an explanation involves 
a discussion of discrepancies with other research, possibly of fellow students. Chinn and 
Malhotra (2002) identify this as an activity that is rarely used in classrooms, but it is an 
essential part of scientific practice.

Figure 1. Four categories of thinking-back-and-forth.
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The category Conclude contains activities aimed at finding a general rule of nature by 
generating a conclusion or obtaining a value for a quantity that cannot be measured 
directly (Millar 2009). On some occasions, the conclusion can take the form of 
a mathematical description for the data. In all cases, the observations or data form the 
starting point of TBF. Scientists often generalize a conclusion to other contexts or 
a general rule and this can also be part of school science, albeit it is often used implicitly 
(Chinn and Malhotra 2002). Again, it is possible to discuss the validity of a conclusion in 
different ways. The same activities as mentioned before can be applied, such as: 1) decide 
if a given conclusion applies to the particular situation observed, 2) decide which of two 
(or more) given conclusions best fits the data and 3) discuss discrepancies with other 
research (Chinn and Malhotra 2002; Millar 2009).

The category Predict involves different types of predictions generated by the students as 
well as discussions about these predictions in order to substantiate them (Chinn and 
Malhotra 2002; Millar 2009). Scientists will use predictions in conjunction with testing 
a hypothesis and using a comparison between results and predictions to judge the status 
of the hypothesis. In a classroom, the prediction primarily serves pedagogical purposes like 
enhancing engagement and promoting critical analysis (Gunstone 1990; Sinclair 1994). In 
the case of classroom demonstrations, the positive effect of making and justifying predic
tions on the learning of concepts has been well established (Catherine et al. 2004).

The category Design an experiment contains activities aimed at designing the research 
method in the broadest sense. This can range from having the students almost comple
tely design an experiment to having the students only choose a small part of the method 
or a single parameter (Millar 2009). When designing the research method, the quantities 
to be measured or the hypothesis to be tested is the starting point for TBF. Steps 
necessary to design a research procedure vary widely, e.g. from identifying the variables 
to be measured or controlled to constructing a testing procedure for lab equipment 
(Chinn and Malhotra 2002; Wieman 2015). Chinn and Malhotra (2002) note that scientists 
often perform a selection when designing a research method. In principle, it is also 
possible to have students select (parts of) the research method (Chinn and Malhotra 
2002) and engage them in more realistic science (Karelina and Etkina 2007). As a final 
activity within this category, students can discuss the method they used (Etkina et al. 
2010).

Table 1 presents an overview of the main distinguished TBF activities in the literature 
within the four main categories. It is important to emphasize that to constitute an instance 
of TBF there must be a link between the domain of ideas and the domain of observables. 
A student who only reasons within the domain of ideas has not used TBF. This is the case, 
for example, when a student formulates a hypothesis based on scientific ideas learned 
previously. Only when a student transforms this hypothesis into a prediction or uses this 
hypothesis to guide the design of an experiment, minds-on ideas are connected to hands- 
on observables or experiments.

Method

Given the aim to describe actual classroom practice and investigate opportunities and 
impediments for TBF during practical work, observations have been conducted in physics 
and chemistry classrooms in grades 8 and 9 followed by interviews with the teachers. 
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Ethical approval was granted by the Ethics Review Board of the Faculty of Social and 
Behavioural Sciences, University of Amsterdam, The Netherlands (file number 2018-CDE 
-9417). All participating teachers have given active informed consent to participate.

Participants

Teachers were recruited at different types of meetings (e.g. conferences) and via 
Facebook and LinkedIn. An agreement was made to attend one lesson with conceptual 
understanding or gaining research abilities as its purpose. A total of 19 teachers from 13 
different schools participated.1 They decided on the content of their lesson and were 
asked not to change anything just because of the researcher’s visit. In Table 2, the main 
characteristics are listed of the participating teachers and the lessons observed (gender, 
number of years of experience, grade, subject and lesson content). Generally speaking, 
there is a considerable spread of teacher experience and gender, subject, lesson content 
and school level.

Measures

Observations
All 19 lessons were videotaped and observed in person. Lessons took place in the school 
laboratory and the duration depended on the school schedule. This eventually led to 
observing 15 lessons of 50 minutes, 1 lesson of 60 minutes and 3 lessons of 100 minutes.

The video-taped classroom practices were analysed in two steps. Firstly, the excerpts 
containing teacher-action aimed at stimulating TBF were identified. An excerpt was 
identified for further analysis as soon as a teacher took any action to link the domain of 
observables to the domain of ideas. For this identification, two researchers analysed seven 
videos of practical lessons independently. After the first three videos, they compared their 
identified excerpts and reached agreement on any differences. They then analysed the 
remaining four videos. Interrater agreement was 81%. Given this sufficient reliability, the 
12 remaining videos were scored by the primary researcher only.

Table 1. Overview of TBF activities per main category.
Explain
Generate a possible explanation for the data
Describe an observation of the data using scientific terminology
Interpret anomalous data
Discuss the validity of an explanation
Conclude
Generate a conclusion based on an observation or measurement
Obtain a value for a derived quantity (which cannot be measured directly)
Obtain a mathematical description for the data
Generalize a conclusion
Discuss the validity of a conclusion
Predict
Generate a prediction for the data
Predict a mathematical relation between two or more measured variables
Discuss a prediction
Design an experiment
Design (part of) the research method
Select (part of) the research method
Discuss the research method used
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The second step involved an in-depth analysis of the type of intended or modelled TBF 
activity according to the overview in Table 1. For this analysis, two researchers analysed the 
identified excerpts of two lessons independently and discussed any differences. An example 
concerned an activity to discuss the validity of the conclusion that had overlap with the 
activity to discuss the research method used. Such doubtful scorings led to an addition or 
a clarification in the coding rules. Next, both researchers scored all identified excerpts from 
five more lessons using the updated rules. Cohen’s kappa was determined to be .87 on main 
category level. Some coding differences arose in making a distinction between ‘design (part 
of) the research method’ and ‘discuss the research method used’. If a teacher gives an 
assignment aimed at designing the research method and the students have to respond to 
questions in order to show their thinking, this strongly resembles a discussion about the 
research method. Also, the distinction between ‘describe an observation of the data using 
scientific terminology’ and ‘generate a conclusion’ was sometimes difficult to establish.

The scoring of all identified TBF-excerpts led to two instances of a TBF-activity that was 
difficult to classify in one of the four main categories. Both are related to the teacher 
giving an assignment to create an electrical circuit with a specified desired property, 
without a clear connection to some measurements having to be made with this circuit. 
Therefore, there was some doubt whether this could be classified under design an 
experiment, but we decided to do so, nevertheless. However, the vast majority of all 
excerpts identified in step 1 could be assigned to one of the four categories, providing an 
indication that the developed TBF-taxonomy is rather complete.

For each identified TBF activity the initiator (teacher or student), target group (whole 
class or small group) and nature of interaction was determined. The nature of the 
interaction had three scoring possibilities: 1) a student had to perform some kind of TBF 
activity and the teacher offers guidance, 2) the teacher offers an explanation or models 
TBF whereby the student remains passive, and 3) the teacher only announces TBF, for 

Table 2. Overview of participants.
Lesson Grade School level Experience (years) Subject (physics/chemistry) Content of lesson

1 8 voc >5 P Kinematics
2 8 gen 3–5 P Mechanics
3 8 gen 1–2 P Electricity
4 8 com >5 P Electricity
5 9 voc >5 C Material properties
6 9 voc >5 C Separating mixtures
7 9 gen >5 P Inquiry skills
8 9 gen 3–5 P Mechanics
9 9 gen >5 P Radiation
10 9 gen >5 C Synthesis
11 9 aca >5 P Digital electronics
12 9 aca >5 P Optics
13 9 aca >5 C Reactions
14 9 aca >5 P Optics
15 9 aca 3–5 C Reactions
16 9 aca >5 P Mechanics
17 9 aca >5 C Solutions
18 9 com >5 P Mechanics
19 9 com >5 P Heat
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example, during the introduction of the practical work. Scoring the nature of the interac
tion provides information on to what extent teacher behaviour is aimed at actively 
stimulating TBF at the student level.

For each observed lesson, the number of identified TBF activities was deter
mined specified per main category (explain, conclude, predict and design). The 
overall scores were then calculated for all 19 lessons, giving a detailed overview of 
the number, type and way the participating teachers use TBF in their practical 
work.

Based on the recordings, it was possible to establish at what point in a lesson a certain 
TBF activity was performed and in what order the activities were presented within 
a lesson. This provided the opportunity, in combination with the detailed scores per 
TBF activity in terms of initiator, target group and nature of interaction, to determine to 
a certain extent how substantial the role of a particular TBF category had been in the 
lesson as a whole. A TBF category was analysed as ‘substantial’ when at least three TBF 
activities within this category were well distributed throughout the lesson and were 
initiated by the teacher while students had to perform an activity and the teacher 
provides support and guidance.

Interviews
After each observed lesson, the teacher was interviewed. The interviews with an average 
duration of 45–60 minutes were recorded and transcribed verbatim. Interview guideline 
was based on the Practical Activities Analysis Inventory (PAAI; Millar 2009). Twenty cards 
with conceivable student activities related to our TBF taxonomy were presented to the 
teachers. The descriptions on the cards were derived from the PAAI and from Chinn and 
Malhotra (2002). Examples are as follows: ‘Decide whether a given explanation/hypothesis 
is applicable to the data’ (related to the TBF-activity discuss the validity of an explanation) 
and ‘Identify and/or select relevant variables’ (related to TBF activity select part of the 
research method). Teachers were asked which TBF activities were part of their observed 
lesson. For all chosen cards, the teachers were asked how they had planned the activity in 
question and whether there were any impediments. Then, the unselected cards were 
presented again with the question which of these activities they might consider as an 
opportunity for practical work.

The scoring of activities mentioned (cards chosen) and activities considered as an 
opportunity (cards selected) was straightforward. Qualitative analysis of the mentioned 
impediments was done by three researchers. They jointly defined broad categories of 
possible impediments first and used open coding to score all mentioned impediments in 
four interviews. This has resulted in some refinements in labelling. Next, the primary 
investigator scored all interviews, and the scorings of four of these were also checked by 
the other two researchers. Finally, all three researchers decided on the final categories of 
impediments together and the number of teachers that mentioned an impediment in 
a certain category was counted.
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Results

Frequencies and type of activities observed

Table 3 shows that in some lessons (2, 13) barely any attention is paid to TBF, while in 
others relatively many TBF activities can be observed (3, 12, 15, 18). TBF activities related 
to Explain and Conclude are more common than activities related to Predict and Design. 
Generating or discussing predictions is almost absent. Despite these differences, the 
overview indicates that all teachers pay more or less attention to TBF and that this 
attention is also substantial in most lessons.

An instance of a teacher frequently using an activity from the category Explain is 
teacher 15, asking the students to explain the mass gain in the oxidation of iron. The 
same teacher has the students obtain a value for a derived quantity, an activity from the 
category Conclude, when they have to calculate how many moles of iron-oxide they have 
produced. A case in point for the category Predict is teacher 18 whose students have to 
predict where they should place a mass to balance a lever, before actually doing so and 
thus checking their answers. Finally, teacher 7 delivers an example of discussing the 
research method used, in the category Design an experiment, by raising the question 
whether the students have indeed made valid measurements to determine which is the 
best scotch tape.

Table 4 shows in detail how often different types of TBF activities were observed. The 
total number of observed activities within the categories Explain and Conclude exceeds 
the number of activities concerning Predict and Design an experiment. For all four TBF 
categories, only a small number of activities focus on discussions.

The number of teacher-initiated TBF activities is included in the table, separately 
showing the target group (whole class or small group). On average, less than one-third 
of the total number of identified TBF activities is aimed at the whole class. About a quarter 

Table 3. Overview of characteristics of individual lessons observed.
Lesson Grade Level Explain Conclude Predict Design

1 8 voc 3* 4* - 1
2 8 gen 1 1 - -
3 8 gen 4 7* 3 1
4 8 com 18* - - 4
5 9 voc 3 5* - 4*
6 9 voc 6 - - 5
7 9 gen - 1 - 11*
8 9 gen - - 1 4*
9 9 gen - 12* - 1
10 9 gen 2 1 - 1
11 9 aca 1 10* - -
12 9 aca 6* 10* 1 1
13 9 aca - - 1 -
14 9 aca - 6* - 1
15 9 aca 13* 11* - -
16 9 aca 2 8* - -
17 9 aca - 10 - -
18 9 com 6* 2 10* -
19 9 com 1 - - 9*
Total number of lessons 13 14 5 12
Number of lessons with substantial role for category 5 9 1 4

Note. Columns show school level (pre-vocational, general, academic and combination); grade (8, 9); and absolute number 
of TBF activities observed per main category (asterisk denotes substantial role of the category).
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of all identified TBF activities are teacher-initiated small group interactions (usually two 
cooperating students). An example is teacher 8 who asks cooperating students what they 
need to measure in order to be able to perform a calculation (of the mechanical work 
done on a lever). In doing so, the teacher stimulates TBF by having the students ‘select 
part of the research method’ (category Design), as the students have to determine what 
distance to measure.

Subtracting the teacher-initiated activities from the total number of TBF activities 
yields the number of student-initiated activities. Less than half of all activities occur at 
the initiative of students, as they ask a question or request some guidance. Almost two- 
thirds of the activities require a student response to the teacher’s assignment as part of 
the interaction. An example is teacher 15 reacting to student questions, during practical 
work on the origin of the mass gain in the oxidation of iron. They ask for more guidance 
on the TBF-activity ‘obtain a value for a derived quantity’ in the category Conclude (in 
this case, the amount of iron-oxide formed, calculated from the measured mass gain). 
The teacher responds by giving a small part of the explanation and by pointing to the 
primary error in the students’ calculations. This pattern is fairly consistent across all 
categories. In all other cases, there is less interaction as the teacher models the TBF 
activity or announces it as something that the students must perform during practical 
work. Such an announcement is typically made during the introduction, e.g. teacher 12 

Table 4. Total number of TBF activities observed.
Observed activities Interview

Total Teacher initiated Interaction Opportunity
Whole Small Resp. Mod. Ann.

Explain
Generate 24 3 5 7 8 9 5
Describe 39 7 16 27 12 - 5
Interpret 2 - - 2 - - 2
Discuss - - - - - - 6
Otherwise 1 1 - - 1 - -
Explain total 66 11 21 36 21 9 18
Conclude
Generate 30 15 3 15 11 - 1
Obtain a value 32 4 2 22 1 5 2
Obtain a relation 4 2 - 3 1 1 5
Generalise 3 - 1 1 - 1 6
Discuss 6 4 - 6 - 2 13
Otherwise 13 2 10 5 1 5 -
Conclude total 88 27 16 58 14 14 27
Predict
Generate 15 3 5 10 3 1 9
Predict relation - - - - - - -
Discuss 1 1 - 1 - - -
Predict total 16 4 5 11 3 1 9
Design
Design procedure 21 10 3 12 6 4 8
Select method 9 3 5 5 4 - 7
Discuss 10 4 4 9 1 - 2
Otherwise 3 1 1 2 1 2 -
Design total 43 18 13 28 12 6 17
Total 213 60 55 133 50 30 71

Note. Absolute numbers of activities are shown, broken down by target-group teacher-initiated activities (whole class or 
small group), nature of the interaction (student response required, modelling or announcement) and number of 
teachers who considered an activity as an opportunity.
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who announces that the students are going to find a relationship between the angle of 
incidence and the angle of refraction in the upcoming practical work during practical 
work aimed at discovering Snell’s law, amounting to the activity ‘obtain a mathematical 
description of the data’ in the category Conclude. Modelling most often occurs in 
a small group, e.g. teacher 12 providing the correct description of refraction using the 
appropriate scientific terminology (category Explain). Most teachers model implicitly, 
without mentioning what they actually do and why this is an important activity to 
perform.

We have observed TBF activities across the continuum ranging from largely recipe- 
driven practical work to a more open approach with opportunities for students to 
deliver their own contribution. An example is teacher 5 whose recipe-driven practical 
work was aimed at learning the difference in material properties between metals and 
non-metals. The teacher had the students think about ways to measure properties like 
conductivity (heat and electrical) during the introduction (‘design part of the research 
method’ in the category Design). This stimulated TBF on student level before handing 
out clear instructions on how to carry out the task. During task execution, the teacher 
engaged students in TBF by asking questions and prompting them to draw conclusions 
from their observations. An example of TBF (design part of the research method) in 
a more open approach is teacher 19, who provided only the instruction to use 
a calorimeter and had the students prepare detailed descriptions of a possible measure
ment for their peers.

The interview results presented in Table 4 show that teachers recognize many 
activities as opportunities to their practical lessons (cards selected). This concerns 
activities in all categories. In particular activities, least observed were identified as 
opportunities. This applies at the main category level where Predicting and Designing 
an experiment are considered possible additions, as well as at TBF activity level where 
the discussion activities are often seen as an opportunity. An example considering 
Predicting is teacher 15 who is interviewed considering the practical work about the 
mass increase for the oxidation of iron and recognizes the option to have the students 
calculate what the maximum increase in mass could be if all of the iron provided would 
oxidize completely, when prompted by the card about making a prediction. Without 
intervention by the interviewer, the teacher then automatically recognizes the possibi
lity of asking the students why they think the increase is smaller than the maximum. 
This teacher had not thought about this possibility until during the interview. A second 
example is teacher 18 who had performed practical work aimed at finding the condition 
under which a simple lever is in equilibrium. Prompted by the card about generalising 
a conclusion, this teacher mentioned the opportunity to have students compare their 
rules to another situation than the one in class with a ruler and mass pieces, e.g. 
a seesaw and have them draw a picture comparing the two situations and deciding 
whether the rules found, could be applicable. The teacher had not thought about this 
possibility while the potential pedagogical value was immediately recognised during 
the interview. As a final example, we consider teacher 6 who had done practical work on 
separating sand and sawdust. During the interview, this teacher suggested that it would 
be more instructive for students if they would propose part of the research method 
themselves.

RESEARCH IN SCIENCE & TECHNOLOGICAL EDUCATION 229



Impediments for implementing TBF

The interviews have provided insight into impediments teachers experience implement
ing TBF activities in their lessons. These impediments can be arranged on student and 
educational level (see Table 5).

At student level, teachers most often mention students’ insufficient minds-on abilities 
and learning attitude as major barriers to TBF activities. They emphasize that students 
mainly struggle with reading skills, mathematical skills, drawing adequate conclusions 
and designing (parts of) an experiment. The inability to properly handle lab-equipment 
was mainly referred to as a poor practical skill of students. Teachers also list a wide variety 
of obstacles related to students’ learning attitude, such as: low level of self-efficacy, little 
involvement in class discussions, choosing the easiest solution and giving up quickly. 
Some teachers associate this with the features of practical work, stating that it may not be 
challenging or interesting enough.

Teachers mention educational preconditions as a major concern while designing 
practical work. The most important aspect concerns the time available during the lesson. 
Teachers often worry that there is not enough time to let students design an experiment 
themselves or to involve students in a meaningful discussion of conclusion(s) drawn from 
an experiment. The availability of laboratory equipment is also a worry for many teachers, 
as well as getting lesson support from technical assistants during the preparation of the 
practical work. This leads to the same practical lessons being taught year after year, while 

Table 5. Frequencies of impediments mentioned by teachers (N = 19) in relation to specific TBF 
activities.

Student level Educational level

Minds- 
on

Hands- 
on

Learning 
attitude

Lesson 
time

Lab 
material

Lesson 
support

Class 
size Cognizance

Explain
Generate 2 - 2 1 - - - 1
Describe 1 - - 1 - - - 1
Interpret - - - - 2 - - 1
Discuss 4 - - 1 - - - 5
Conclude
Generate 6 1 1 1 4 - 1 1
Obtain a value 3 - - - - - - -
Obtain 

a relation
2 1 - - - - - 1

Generalise 2 - - 3 1 - - 3
Discuss 2 2 1 5 1 - 1 3
Predict
Generate 1 1 2 1 1 - - 6
Predict relation - - - - - - - -
Discuss - - - - - - - -
Design
Design 

procedure
7 - 4 5 3 3 - 1

Select method 1 - 2 1 - - - 3
Discuss - - - - - - - 1
Nonspecific 6 1 11 5 4 5 2 -
Total 37 6 23 24 16 8 4 27

Note. Columns specify the category of the impediment: student level (insufficient abilities for minds-on or hand-on 
activities or poor learning attitude) or educational level (constraints regarding available lesson time, lab materials, 
insufficient support during lesson preparation, class size, cognizance of the teacher).
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teachers realize that there is room for improvement. Last but not least, most teachers 
indicate that by participating in the study they realized that they were unaware of the 
educational opportunities regarding TBF in their practical work. This insufficient cogni
zance applies to almost all distinguished TBF activities, but especially for discussing an 
explanation and generating a prediction.

Discussion

The aim of this study was to gain insight into how TBF activities are implemented in 
practical work and the way in which teachers stimulate and support their students in 
making the connection between hands-on and minds-on and to identify opportunities for 
and impediments to improving practical work by implementing TBF.

Our first research question concerned the type of activities teachers use to stimulate 
TBF. From the scoring of TBF activities observed during practical work, the pattern 
emerged that activities concerning Explain and Conclude occur more than Predict and 
Design an experiment. Apparently, most teachers place emphasis on connecting hands- 
on to minds-on, using the domain of observables to infer something about the domain of 
ideas instead of using the domain of ideas to guide the practical work. This one-sided 
emphasis on Explain and Conclude is in contrast with recommendations of earlier 
research that activities related to Predict and Design an experiment are desirable or 
even necessary during practical work in order to gain conceptual understanding 
(Dekkers 1997; Hodson 2014; Hofstein and Lunetta 2004). Especially, the value of predict
ing an outcome is well established for both classroom-demonstrations (Catherine et al. 
2004) and students’ practical work (Gunstone 1990). Scientists use ideas to design their 
experiments and generate predictions before engaging in hands-on-activities. In omitting 
this during practical work, the inquiry goal of ‘doing science’ is inadequately represented.

Activities such as discussing explanations, conclusions, predictions or experimental 
designs were hardly performed, in contrast to the fact that they can significantly accel
erate linking hands-on to minds-on because they encourage students to critical reflection 
(Harrison 2016; Watson, Swain, and McRobbie 2004). When asked if these activities form 
an opportunity in their practical lessons, teachers identify them as such, but they are 
concerned about the time-consuming nature and often had not thought about the 
possibility of including them when designing their practical lesson.

The second research question concerned how often teachers give attention to TBF 
during practical work. Although the number of TBF activities per class can vary greatly, 
TBF plays a substantial role in almost all observed lessons. It may therefore be concluded 
that teachers pay relatively much attention to linking hands-on to minds-on. Previous 
research by Abrahams and Millar (2008) showed that the focus on TBF in the lessons they 
observed was much less. The substantial role of TBF observed in this recent study may 
therefore mark a positive development. The general debate in the literature, which also 
took place among science teachers in the Netherlands, about the feasibility of reducing 
recipe-like practical work has probably contributed to this (Di Fuccia et al. 2012; Millar 
2010).

The third research question concerned the way in which TBF activities are guided and 
supported. Analysis of lessons in which TBF has a substantial role showed that teachers 
use a wide variety of interaction and guidance from modelling to providing scaffolds. This 
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ranged from an announcement of TBF activities at the beginning of a lesson to guiding 
students during experimental work and a central exchange at the end, although most 
lessons did not contain either the introduction or the final whole class exchange.

Teacher-initiated and student-initiated interactions each comprised approximately half 
of the interactions, albeit there were lessons with very few or no teacher-initiated inter
ventions at all. Student-initiated interactions tend to be more coincidental and less 
focussed on the purpose of the practical work as they may arise from a wide variety of 
issues encountered by the students. This makes the efficiency of the lessons in which 
student-initiated interactions dominate vulnerable to students’ behaviour. While practical 
work invites students to seek interactions with the teacher, well-structured teacher- 
initiated interactions may enhance the function of TBF activities to ideally challenge 
students to synthesize hands-on and minds-on.

The final research question considered opportunities and impediments to TBF from the 
teacher’s perspective. Most teachers mentioned the insufficient hands-on and minds-on 
ability of students and the limited time available. At the same time, some observations 
showed that it is certainly possible to immerse students in TBF activities that are con
sidered time-consuming, such as designing (part of) an experiment. This finding is con
sistent with descriptions of feasible TBF activities in previous studies (e.g. Keogh and 
Naylor 1999; Pols, Dekkers, and de Vries 2019). Teachers’ belief that some activities are not 
executable in their classes, when they are, may therefore be a major barrier. This conclu
sion is further supported by the finding that approximately half of the teachers lack 
cognizance of possible TBF activities while designing their practical work, in particular, 
activities that link minds-on to hands-on or offer possibilities to engage students in 
discussions. These teachers would probably benefit from good practices that illustrate 
how adequate and feasible attention can be paid to TBF.

Overall, most teachers seem to consider practical work primarily from the point of 
view of conducting an experiment: the teacher has a well-functioning experiment and 
uses it to identify a number of phenomena, relationships, patterns or obtain values. 
However, teachers should be expected to consider all possible aspects of practical work 
as opportunities to stimulate and support TBF. The positive attitude towards the frame
work of TBF during the interviews indicates that tangible and workable examples will 
probably find fertile soil with teachers, potentially leading to real improvements in 
practical work.

Limitations and suggestions for future research

Considering the design of this study, several limitations need to be mentioned. A first 
limitation concerns the relatively small number of observed lessons. Although a decent 
spread of teacher experience and gender, subject, lesson content and school level was 
established, generalizations should still be made with caution. The recruitment procedure 
may have resulted in an underrepresentation of teachers who feel uncomfortable in 
performing practical lessons as a result of which they were unwilling to participate. It is 
therefore plausible that the present study overestimates both the number and variety of 
TBF activities as compared to the general population of physics and chemistry teachers. 
And since we have only observed one lesson per teacher, we should also be careful with 
conclusions about the total amount of TBF activities covered within a given teaching 
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period. Furthermore, it must be taken into account that observing lessons in grades eight 
and nine may have had an impact on the observations in the sense that more demanding 
TBF activities (e.g. comparing results to other research) could be observed less.

It should also be noted that the perceptions and behaviour of students has been 
disregarded. Moreover, the quality of the interaction between teacher and students is not 
included in the current study. For example, a teacher can initiate all kinds of TBF activities, 
but it remains to be seen whether their chosen approach is effective in stimulating TBF at 
student level. Consequently, the learning process of students should be a major focus of 
future research.

Practical implications

When designing practical work, teacher may broaden their perspective on its pedagogical 
possibilities. Teacher training, both pre-service and in-service, should provide a wider 
perspective on practical work, such that all types of TBF activities get ample attention. In 
order to achieve this, the cognizance about activities from predict and design an experi
ment and activities aimed at fostering discussions should be raised.

During the interviews, the teachers indicated that they found the taxonomy of TBF 
activities and the small cards used in the interviews with descriptions of these 
activities very helpful for designing their own lessons. Together they provided 
a valuable scaffold to reflect on their activities during practical work. By using the 
developed TBF framework in this study as a reflection tool, teachers can start improv
ing their practical work by carefully selecting which TBF activities are best suited in 
a particular practical lesson and by subsequently designing lessons by explicitly 
planning 1) the pre-work-introduction in which the TBF purpose of the lesson should 
become clear (Hart et al. 2000), 2) the scaffolds that the students need and the 
questions to be submitted to students during the execution phase and 3) the post- 
work-discussion in which the TBF purpose of the practical work is revisited. The 
connection between the TBF framework and current classroom practice is probably 
conducive to the positive reception among teachers since the TBF concept offers the 
possibility to improve existing practical work in small tangible steps. It will be of 
interest to examine whether the promising signs of self-reflection combined with 
teachers’ demonstrated enthusiasm for TBF activities will indeed lead to improve
ments in practical work when they are trained in lesson design using the TBF taxon
omy to have students make connections from hands-on to minds-on more often. As 
such, the framework discussed in this study can also further complement existing 
programs, such as ‘Getting Practical’ aimed at improving the effectiveness of practical 
lessons by, among other things, better connecting hands-on to minds-on (Ian, Reiss, 
and Sharpe 2014).

Note

1. Dutch secondary education is organized in three different tracks, preparing for distinct 
tertiary education: pre-vocational track lasts from grades 7 to 10 and prepares for vocational 
education, general track lasts from grades 7 to 11 and prepares for college and academic (or 
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pre-university) track lasts from grades 7 to 12 and prepares for university. In grades 7, 8 and 9 
sometimes combinations occur.
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