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Abbreviations  

PLOC =Perceived locus of causality 

SDT =Self-determination theory 

DI =Direct instruction 

IBL  = Inquiry based learning 

CAR  = Competence, Autonomy, Relatedness  

ISP =Ioniserende stralen practicum (ionizing radiation practical) 

IM = Intrinsic motivation 

RAI =Relative Autonomy Index 

QSG =Quick start guide 

SRQ-A = Self-regulation Questionnaire-Academic 
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Abstract  
The motivation of high school students towards science has been declining significantly over the past 

decade. This study investigates quantitatively what the effects of guided are IBL on the motivation 

profile of high school students, when compared to a DI variant of the same physics practicals around 

ionizing radiation. Previous research on the same practical demonstrated the importance of 

scaffolding in the IBL context for supporting the perceived competence of the students while 

retaining their sense of autonomy.   

Using convenience sampling, four different types of motivation (extrinsic, introjected, identified and 

intrinsic) were measured on DI (N=173) and IBL (N=176) variants of the practicals, with a pretest and 

posttest based on the SRQ-A questionnaire. On the basis of the different types of motivation, the 

Relative Autonomy Indexes were calculated. The gain in autonomous motivation is described as the 

difference in the RAI from pretest to posttest. 

Results proved that the motivation profile of students who performed an IBL practical do not change 

significantly (p = .159) in comparison to DI when the whole data sample is analysed together. 

However, when taking into account the different approaches for the ISP, a significant difference in 

the gain of autonomous motivation in favour of IBL is found. Students with both no prior preparation 

for the practical and no assessment for their work, show a significant preference for IBL (p = .009). 

Additionally, students with enough time to perform their practical are more autonomously motivated 

for IBL (p = .036).  

The results show that the approach in terms of preparation, time constraints and assessment of the 

practical is decisive for a significant change in the motivation profile to become evident. This 

significant preference for IBL is predominantly caused by a significant decrease in the external 

regulation in case of no preparation and no assessment (p =. 004). Students who have no time 

constrains are also significantly less externally regulated (p = .043).  
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Introduction  
The attitude towards science of fifteen year old students from the Netherlands has declined 

significantly over the last twelve years. This decline in the Netherlands has even led to one of the 

lowest scores of students’ attitude towards science in Europe and the world (OECD, 2016). According 

to Ryan and Deci  (2000), a person is intrinsically motivated when he or she is doing an activity for its 

inherent satisfactions. Additionally, this implies that the person is eager to know more about a 

specific topic. Attitude is described as the  interest of students for learning about different topics 

from their own interest and therefore is closely related to intrinsic motivation (IM) (Sjøberg & 

Schreiner, 2010). Potvin and Hasni (2014) demonstrated this decline in interest, motivation and 

attitude toward science has been found as well. The decline is especially visible in students who 

make the transition between elementary school to secondary school (grade 6 to 7). 

The mentioned crisis around the motivation for and attitude of students towards science could in 

theory be remedied by stimulating students’ autonomous motivation. Motivation is a multi-faceted 

concept and can be described as a spectrum within the Self-Determination Theory (SDT) (Ryan & 

Deci, 2000). The central distinction in motivation is autonomous motivation versus controlled 

motivation (Ryan & Connell, 1989). The Perceived Locus Of Causality (PLOC), refers to the extent to 

which individuals perceive their own actions as a result of either external (controlled) or internal 

(autonomous) reasons (Turban et al., 2007). The most autonomous type of motivation is intrinsic 

motivation. Intrinsic motivation is the force that shapes what humans want and will learn and comes 

from the learner itself (Deci & Ryan, 2010). This translates to interest, enjoyment, active participation 

and self-regulation in and outside the classroom (Ryan & Deci, 2000). Extrinsic motivation is the most 

controlled type motivation where autonomy is the least at play.  

By using proper motivators, autonomous motivation can be stimulated, with intrinsic motivation 

being the most autonomous. A large body of research has shown that the facilitating of intrinsic 

motivation has beneficial effects on both learner well-being and academic results (e.g., E. Deci & 

Ryan, 2017; Edward L. Deci & Ryan, 2010; Niemiec & Ryan, 2009; Ryan & Deci, 2000). Despite the 

conclusions of these studies, intrinsic motivation is not always stimulated in education. Many 

teachers use extrinsic motivators, such as threats, punishments or receiving extra points for a test as 

a method to get a student to work. Harde & Reeve (2003), Vallerand, Fortier & Guay (1997), shows 

that students who are extrinsically motivated are more likely to stop their education and not to 

pursue their careers. This adds to the importance of fostering intrinsic motivation in students.  
Despite these promising hypotheses, directly instructed (DI) teaching styles are still widely used in 

physics education, and also in practicals. This way of teaching is teacher-directed. The control and 

direction of the teachers starts with choosing the specific learning tasks for the students. During the 

class, the teacher explains the theory and presents some examples of how problems should be 

solved (Joyce et al., 2000). The effect of this way of learning is that critical thinking, problem solving 

and decision making skills are not stimulated. Instead, students learn from memorization and 

recitation techniques (Carnine et al., 2004; Vlassi & Karaliota, 2013). This form of education 

stimulates the perceived level of competence by explaining the theory from beginning to end. 

Moreover, students get explained how to work out an exercise. However, the perceived amount of 

autonomy is significantly less supported.  
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This teaching style differs from inquiry based learning (IBL). With IBL the teachers presents a problem 

to the students. In order to be able to solve this problem or explain what happens, the students need 

some kind of information that has not been introduced in the previous lessons. The students have to 

gather this information by doing research on their own with help of the teacher (Capps & Crawford, 

2013). With IBL the students will be more conscious of the importance of problem solving, in 

comparison to DI. With IBL students are invited to investigate and analyse a problem with a problem-

solving approach and students get trained to solve the problem based on the received data. This is 

one of the benefits of IBL in comparison to direct instruction (DI) (Bruder & Prescott, 2013; Yuliati et 

al., 2018). Additionally, the student will be more freely to choose what to do and how to approach a 

problem. Creating an IBL setting therefore highly supports the students’ sense of autonomy. And by 

following the SDT (Ryan & Deci, 2000) a theoretical link between IBL and the motivation spectrum 

can be created. 

According to the SDT (Ryan & Deci, 2000) the three basic needs should be catered for, in order to be 

able to stimulate the autonomous motivation of a human. These three basic needs are competence, 

autonomy and relatedness (CAR). The SDT states that all people, no matter their age, gender, 

socioeconomic status, nationality or cultural background strive to personally develop and achieve 

these needs (E. L. Deci & Ryan, 1985; Reeve, 2012). Turning to possibilities to support CAR in science 

education, by introducing IBL in a learning-environment, students have (a degree of) control on their 

own process and how they want to understand the problems they are facing (autonomy). Because of 

this students are picking theoretical tasks that lie within their field of proximal development 

(competence) (Chaiklin, 2003; Vygotsky, 1980). Relatedness is facilitated in IBL as well because the 

students are learning within a social context: students are not only in contact with and receive peer-

feedback from their fellow students but also receive feedback from their teacher.  

Previous research has primarily focused on whether or not IBL has a positive effect on the conceptual 

understanding or academic results (Furtak et al., 2012). These benefits mainly focus on the fact that 

IBL makes sure the students know how a theory can be used within a problem solving context. 

Additionally, research has shown that IBL accomplishes deeper learning (Froyd, 2008; Hake, 1998). 

However, research that directly investigates the link between IBL and motivation is noticeably less 

extensive. 

Several preliminary studies have tried to improve the students’ intrinsic motivation on science 

education with the help of IBL practicals. The first quantitative study showed a significant effect on 

the IM of students by introducing IBL in a physics practical (Nooijen, 2017). Later and more extensive 

quantitative work however, failed to replicate this effect (Nikandros, 2020; Van Asseldonk, 2019). By 

looking at the way IBL supports the three basic needs (autonomy, competence and relatedness), it 

was found that IBL in these practicals increased the feeling of autonomy, but decreased the feeling of 

competence. Hence, no change in intrinsic motivation was found and just integrating IBL in a 

classroom does not appear to affect the intrinsic motivation (Blekman, 2020; Nikandros, 2020). The 

most recent study has attempted to prevent the decrease in perceived competence by implementing 

scaffolding to the IBL task. This study suggests that proper scaffolding indeed increases the level of 

autonomy without decreasing the level of competence in IBL physics practicals (Meulenbroeks & 

Reijerkerk, 2020). 
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The present study will further look at the question if IBL, with proper use of scaffolding, has a 

significant positive significant effect on the autonomous motivation on high school students. The 

context of this study is the Ionizing Radioation Practical (“ioniserende stralen practicum”(ISP)). 

Scaffolding is implemented in these IBL practicals by providing a student worksheet and quick-start-

guides for the instruments. To asses if this form of IBL has an effect on autonomous motivation, the 

following research question has to be answered:  

To what extent does IBL with proper scaffolding affect students’ motivation profile in a physics 
practical, in comparison to the direct instruction variant?  
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Theoretical background 
Self-determination theory and the basic needs theory  
The self-determination theory (SDT) (Ryan & Deci, 2000) is a macro theory about motivation, 

consisting out of six mini-theories. These theories were created in order to be able to explain several 

motivational phenomena. According to Reeve (1991), motivation is a feeling that energizes and 

directs behaviour. The energy gives strength, intensity and persistence to behaviour. Direction gives 

purpose and goal-directedness to behaviour. A lot of aspects influence the motivation of a person, 

such as emotions, cognitions, needs and environment. Reeve (2012) states that motivation is 

equated with students’ psychological need of satisfaction. Students, who act with a sense of 

competence, autonomy and relatedness during a learning activity, experience a high level of intrinsic 

motivation. These three needs are described as the basic psychological needs in the basic needs 

theory. Every human being strives to achieve these psychological needs (E. L. Deci & Ryan, 1985; 

Reeve, 2012).  

Deci ( 1975) explains competence as the need of being successful and feeling confident and effective 

in relation to whatever it is you are doing. A person who expects to successfully complete a task and 

exercise its capacities, experiences a high level of competence.  By doing so this person wants to seek 

out and overcome environmental challenges. 

According to Reeve, Nix and Hamm (2003) autonomy is the psychological need to have the idea to be 

in control of your own process. This process could be school related, but could also mean a person is 

in control of their own process in society. Being autonomous for student’s means to be in control of 

its own learning by making its own choices, have the sense of psychological freedom and experience 

effect of these choices.  

Relatedness is the need to establish close emotional bonds and secure attachments with others. It is 

closely related to the feeling to be accepted, have the idea to be connected to others and feel like 

you belong to various groups that are important to you. Being connected to others can be described 

in the extent to which a person is authentic and caring with others (Ryan, R, 1993).  

These three psychological needs directly affect the type of motivation, as well as the intrinsic 

motivation. Furthermore, the three basic needs regulate the tendency to seek out novelty, pursue 

optimal challenge, exercise and extend their capabilities, explore, and learn (Reeve, 2012). Because 

of the inseparability of motivation and the three psychological needs, the basic needs theory 

contributes to the overarching theoretical framework of the SDT. Additionally, the three needs 

provide the basis for predicting a priori which aspects of the class-room environment will be 

supportive versus undermining of students’ engagement—namely, those conditions that affect 

students’ perceptions of autonomy, competence, and relatedness (Deci, Koestner, & Ryan, 1999). 

Because of this the basic needs theory, one of the mini-theory of the SDT, will be the focus of this 

research in order to measure the degree of intrinsic motivation of high school students. 
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Intrinsic motivation  
Ryan and Deci (2000) described the different types of motivation with its features per type of 

motivation.  In this research three types of motivation are distinguished: amotivation, extrinsic 

motivation and intrinsic motivation. The more autonomous the type of motivation is the more it is to 

the left of the spectrum. The rate of the three basic needs a person experiences directly influences 

the type of motivation according to Deci and Ryan (2000). Figure 1 shows the different types of 

motivation and the amount of autonomy that is paired with that type of motivation. 

Amotivation is described as disgust towards starting and completing a given task. This is because of 

not valuing an activity (Ryan, 1995), not feeling competent (Bandura, 1986) or not gaining any joy out 

of the task.  

Extrinsic motivation is sub-divided in four types of motivation, all suggested to be driven by external 

sources. For example, a person who is externally regulated is working on a task for gaining rewards 

or avoiding punishment. No inherent joy is obtained out of the task. The most autonomous form of 

extrinsic motivation is integrated regulation. Integrated regulation can be described as behaviour is 

fully integrated into personal values and beliefs, such that the action is accepted or owned as 

personally important (Ryan & Deci, 2000). This type of motivation has a lot of the same qualities as 

intrinsic motivation. The difference is that intrinsically motivated behaviour is executed explicitly for 

enjoyment, pleasure and fun. The person is fulfilling a task exclusively because of joy. No reward or 

someone else’s interests is connected to this behaviour.  

In between integrated regulation and external regulation are identified regulation and introjected 

regulation. Introjected regulation is a relatively controlled form of regulation, in which behaviours 

are performed to avoid guilt or anxiety or to attain ego enhancements such as pride. Put differently, 

introjection represents regulation by contingent self-esteem (Deci & Ryan, 1985). Regulation through 

identification is a more autonomous form of regulation. Identification reflects a conscious valuing of 

a behavioural goal or regulation, such that the action is accepted or owned as personally important. 

Several studies have shown the effects of the three basic needs on intrinsic motivation (Deci & Ryan, 

2017; Niemiec & Ryan, 2009; Vansteenkiste et al., 2010). Competence and autonomy are described 

as the two basic needs that have the most influence on intrinsic motivation.  

Figure 1: spectrum of motivation (Ryan & Deci, 2000) 
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(1) 

The level of autonomy a student experiences, can be influenced by the type and amount of limits the 

student experiences during a task. Koestner et all (1984) found that the intrinsic motivation of a 

student drops as soon as the teacher is more in control. Whereas the measured intrinsic motivation 

increases when the student is more in control. According to Ryan and Deci (2000), the intrinsic 

motivation could be enlarged by effectance-promoting feedback and the absence of degraded 

feedback. It is important to mention that competence and autonomy depend on each other. That is 

why the student worksheet of Meulenbroeks and Reijerkerk (2020) is designed in such a way that the 

perceived amount of autonomy is catered for while the amount of competence is kept high.  

Relative Autonomy Index 
The Relative Autonomy Index (RAI) is a method to assign a value to the motivation spectrum. This 
score says something about the degree of autonomous (intrinsic) or controlled (extrinsic) motivation 
(Grolnick & Ryan, 1989). The RAI can be calculated with (1) 
 

                                                   
 
The four different construct can be measured with the help of the SRQ-A questionnaire. This 

questionnaire expresses each construct with a value ranging from 1 to 5.  The average score on the 

different types of motivation are calculated and are plugged into the equation. The controlled 

subscales are weighted negatively and the autonomous subscales positively. Furthermore, external 

motivation is considered more controlled than introjected regulation and therefor is weighted -2. 

Similarly, intrinsic motivation is more autonomous that identified regulation and is therefore 

weighted +2 in the RAI. The higher the RAI score is, the more autonomous the students feels while 

participating in an exercise. The RAI can differ from 15, which is fully autonomous, to -15 which 

corresponds to a completely controlled feeling.  

Inquiry based learning  
With inquiry based learning (IBL) the teacher is not the main source of information for the students. 

The idea with IBL is that the teacher collaborates with the students to achieve the students’ goals.  It 

is also describes as ‘student-centered’ or ‘active learning’. With direct instruction the teacher tells a 

story about a specific topic. However, with IBL the students are actively and intentionally working on 

a given problem. The students are more autonomous because they are invited to pose, investigate 

and answer question by themselves (Inspired Teaching, 2008).  Besides autonomy, competency is 

facilitated in IBL as well. Students can choose what problems to face and pick their own approach of 

solving the problem. This ensures that learners can choose problems within their level of skill, which 

gives the learner a feeling of competence (Chaiklin, 2003; L.S. Vygotsky, 1980). With IBL the learners 

are working in a social context. This means the learners are working together to complete a task. This 

provides a feeling of relatedness. 

Several studies have shown improvement on the learning of students in science and other fields 

while implementing IBL (Ambrose et al., 2010; Capps & Crawford, 2013; Froyd, 2008; Hake, 1998; 

Prince & Felder, 2007; Springer et al., 1999). Additionally, IBL has been reported to provide a deeper 

engagement of the students (Ernst et al., 2017). By using IBL, students learn to pose difficult question 

and have the tools to find the solution for their own. Because of the fact the students learn to take 

ownership, they are actively aware of their own learning curve. These skills are not only useful for 

their time in high school and the study they want to pursue. According to Boekaerts (1999) these 

skills actually pertain to a ‘lifelong learner’, which also applies for their future career.  
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Capps and Crawford (2013) employ a matrix (appendix A), which describes to what extent the inquiry 

in a design is student or teacher-initiated (The National Research Council, 2000). Each aspect in this 

matrix has a 4 point scale. A 4 on this scale is fully student-initiated inquiry and a 1 corresponds to 

the most teacher-initiated form of inquiry. It is also an option to score a 0, which means there is not 

any sign of student-initiated inquiry, and thus this correlates to direct instruction from the teacher. 

The eight key aspects in the matrix are:  

1. be involved in science-oriented questions;  

2. design and conduct an investigation; 

3. determine what constitutes evidence and collect it;  

4. use this evidence to develop an explanation;  

5. connect their explanation to scientific knowledge; 

6. communicate and justify their explanation;  

7. use tools and techniques to gather, analyse, and interpret data;  

8. use mathematics in all aspects of inquiry. 

According to the research of Nooijen (Nooijen, 2017), the ISP practicals have an overall score of 3 

when the framework of Capps and Crawford (2013) is applied to find out the amount of teacher-or 

student-initiated inquiry. This score means that the IBL practicals in the ISP can be categorized as 

‘guided inquiry-based learning’. 

Thus far, research mainly focused on the rate of understanding curriculum content and to what 

extent the academic success improves because of IBL (Edelson et al., 1999; Furtak et al., 2012; 

Gormally et al., 2009). Only a few small studies tried to research the link between IBL and intrinsic 

motivation, with only possible empirical links as a result (Crow, 2011; Gallagher et al., 1992). 

However with the three psychological needs of the SDT, a theoretical link between IBL and intrinsic 

motivation can be constructed. Van Asseldonk (2019) came up with a model (figure 2) that describes 

the theoretical link between IBL and IM.  

Figure 2: Hypothetical guiding frame of the effects that IBL have on the basic psychological need support 
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The three needs are catered for because a student can come up with his own question (aspect 1) and 

how to design and conduct that question (aspect 2). Along the way of the research they come up 

with a method to find evidence and an explanation for their posed question (aspect 3 and 4). These 

aspects ensure the perceived feeling of autonomy. Additionally, the student is able to pose a 

question that fits their own level of competence which leads to a high sense of competence. This 

means that students’ ownership makes sure the feeling of competence maintains. Relatedness is 

established by communicating and justifying the explanation the student came up with (aspect 6).  

This support of basic psychological needs theoretically fosters autonomous motivation, following the 

SDT framework (Ryan & Deci, 2000).  

Scaffolding 

Within IBL and other types of problem-based learning, guidance of students is being used in different 

forms. These styles of student’s guidance, plus several other features of scaffolding that are 

important to implemented in inquiry-based learning, have been described in the research of Hmelo-

Silver, Duncan and Chinn (2007). 

Scaffolding is a teaching style a teacher can use to guide a student in tackling a problem that 

normally would be too difficult to solve. Scaffolding makes sure students learn within their zone of 

proximal development (Vygotsky, 1980). This is done by making a task accessible and manageable. 

Another important aspect of scaffolding is to let the learner see why the approach that is being used 

actually works (Hmelo-Silver et al., 2007). In addition to these features, Hmelo-Silver et al. (2007) 

proposed three tasks that can complete scaffolding. The three tasks are: 

- Sense making 

- Management of investigations and problem-solving processes 

- Encouraging students to articulate their thinking and reflect on their learning 

With these tasks, some scaffolding strategies are described which will achieve the tasks. The goal of 

the strategies is reducing the cognitive load; provide expert guidance and helping students gain a 

disciplinary way of thinking. Besides the different tasks scaffolding can serve for in IBL, Quintana et 

al. (2004) also tried to define the challenges of each task. Furthermore, guidelines have been 

composed to tackle the challenges. Scaffolding does not only take the form of teacher support. E.g. 

written support on a worksheet is also a form of scaffolding. Rijerkerk and Meulenbroeks (2020), 

showed in a case study that implementing written scaffolding indeed supports the level of 

competence and autonomy. Figure 3 summarizes the theoretical scaffolding design framework 

(Quintana et al., 2004).  

There might be several advantages of IBL on the CAR support. Figure 2 shows that the three needs 

could theoretically be supported with the use of IBL. However, qualitative studies suggest that, in 

spite of the fact that IBL does support autonomy, the lack of support in competence causes intrinsic 

motivation to be sub-optimally supported (Meulenbroeks & Reijerkerk, 2020). Schunk and 

Zimmerman (2012) supports this by describing that the students’ autonomy will decrease if the 

scaffolding will influence the competence too much because cognitive challenges are taken away. 

Similarly, if the scaffolding is too open or too little, there could be a lack in the support of the 

perceived competence. Meulenbroeks and Rijerkerk (2020) researched the cause of the drop in 

competence by using the theoretical framework of Hmelo-Silver et al. (2007) and Quintana et al. 

(2004). The perceived causes of the drop in competence (non-salient tasks and process knowledge)  
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have been taken into account in the redesign of the ISP practicals. By implementing scaffolding 

correctly the non-salient tasks and process knowledge are taken care of. Meulenbroeks and Rijerkerk 

(2020) found that the redesign assures that the level of autonomy increases and that the level of 

competence that the students experience during the practical is preserved.  

 

Figure 3: Guidelines scaffolding  
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External factors   
External factors can either support or thwart the basic psychological needs and, consequently, 

influence the motivation profile of students. For example, assessing students work with a grade is an 

external motivator. The motivation of students who are getting assessed for their work is thus 

expected to shift to the controlled side of the spectrum, or a decrease in the RAI.  

Besides this, the available time for an assignment might influence the competence of the students. 

Students who experience problems with the given amount of time might assume they are working to 

slow or are not capable in finishing the assignment in time. This negatively affects their perceived 

competence and may also be expected to lead to a more controlled form of motivation, decreasing 

the RAI.  

A last external factor that might have effect on the autonomous motivation is prior preparation. 

Preparing a practical right before it takes place, with the required guidance available of the 

instructors, could have positive effects on the perceived competence compared to when the 

preparation has been done a few days on beforehand. This might support a more autonomous form 

of motivation and thus increase the RAI (E. Deci & Ryan, 2017). 

Hypotheses 
The first hypothesis of this research is that implementing scaffolding on procedure and non-salient 

tasks in the ISP practicals will result in a significant increment of the students autonomous 

motivation (as measured by the RAI) between the IBL and the DI-practicals of the ISP.  

Additionally, both an assessment of the practical and a shortage of time to perform it are expected to 

lead to a more controlled form of motivation, thus lowering of the RAI. On the basis of SDT, we 

expect prior preparation to lead to a more autonomous form of motivation. 
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Methodology  
Context (Ionizing radiation laboratory (ISP)) 
Due to the safety policy around ionized radiation, high schools are not allowed to facilitate practical 

assignments with ionizing radiation themselves anymore. Therefore, since 1972, the so-called 

ionizing radiation practical (ioniserende stralen practicum (ISP)) is available for high schools at 

Utrecht University. Schools are also able to choose to perform the practicals at their own school. The 

ISP contains 23 practicals. Over the last few decades, the ISP has been changed a lot. In the beginning 

all the practicals would follow the traditional approach with direct instruction. Over the years, some 

of the practical’s changed to a more open-ended approach by implementing IBL. Currently ten of the 

practicals are available in IBL form. These IBL practicals are also still available in the DI form. Thanks 

to the ISP, students have the possibility to do small scale research on ionizing radiation.   

Difference in approach  
The practicals are thus offered in a DI and an IBL variant. On top of that, schools can choose different 

approaches to the entire ISP practical. First of all, differences in grading exist. Some schools choose 

to let the students write a full report about the practicals and assess the students’ work with a grade. 

Some other schools decide that the students only have to participate in the practical and can ask for 

feedback on their work if they wish so.  

Secondly, differences in preparation may occur. Some schools choose to prepare the students a few 

days before the ISP actually begins. When students are prepared before the ISP, they normally will 

read through the practical they will perform, come up with a research question, a work plan, a 

measuring plan and a hypothesis. Other schools will not prepare the students before the practicals: 

they will perform these steps at the beginning of the ISP.  

The third and last big difference in approach is the available time students have per practical. Most 

schools have two hours scheduled for the ISP. In previous years some schools expected the students 

to complete four or even five practicals while others expects students to perform only two practicals 

in the same amount of available time. Students who filled in their posttest right after their 

measurement are considered as students who are limited in time. These students are not able to 

work out their practical before starting their next practical. Most students who filled in their posttest 

right after the measurement did so because the teacher instructed the students to move on to their 

second practical right after their measurement was done, or when the teacher told the students to 

move on within thirty minutes after the start of the ISP. 

Table 1 gives an overview of the schools that participated in this study. The last two columns in table 

1 show the approach schools opted for. The ‘p/a’ column stands for Preparation and Assessment. 

The schools that are coloured green did not have prior preparation for the practicals and did not 

assess the students work. The blue coloured had prior preparation and did get assessed. It turns out 

that the schools around the approach of preparation and assessment are the exact same groups. 

Therefore, these two approaches are put together as just one; (no) prior preparation and (not) 

getting assessed. The last column, the ‘t-column’, is the Time the students have available. The green 

coloured schools had enough time available to work on the practicals while the blue coloured schools 

had not allotted enough time to finish their practical before moving on to their second practical.  
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Figure 4: First, de remaining IBL practicals were redesigned following Meulenbroeks and Rijerkerk (2020). Data collection of the 

DI and IBL practicals were collected in different classes over a period of seven weeks. Once this data collection was finished, the 

data of the two groups were analysed using SPSS. After analysing this data conclusion could be drawn of the effect of the used 

IBL with scaffolding on the effect on the motivation profile of the students. 

Table 1: Information of the schools that participated in the data collection 

School Province of school Number of students Class(es) IBL/DI p/a t 

1 Utrecht 23 Vwo6 DI    
2 Noord-Brabant 59 Havo5/vwo6 DI    
3 Drenthe  32 (DI) +31 (IBL) Havo5/vwo6 DI + IBL    
4 Gelderland 43 Vwo6 IBL    
5 Noord-Holland 31 (DI) + 45(IBL) Vwo 6 DI + IBL    
6 Gelderland 5 (DI) + 24 (IBL) Vwo6+havo5 DI + IBL    
7 Noord-Brabant 23(DI) +33 (IBL) Havo5 + vwo6  DI + IBL    

 
Participants  
Students from all across the Netherlands, with a large variety of schools, are able to join the ISP. The 

students who participate in the practical’s are from upper secondary (4 en 5 havo) school to pre-

university education (4, 5 en 6 vwo).  

The advantage of collecting data from this practical is the high number of students who participate; 

up to 20.000 students per year.  These students execute different forms of the practical, since the 

school can decide whether their students make use of the open experiments (IBL) or the closed (DI) 

experiment. The students that perform the open practical will make use of the redesigned practicals 

where IBL and scaffolding are implemented. Because the school teachers choose which students 

perform which practicals, it is not possible to randomly assign the participants to an experiment 

Data is collected from the beginning of November till half of December. All the schools that 

participate in the ISP and perform the IBL form of the practicals are included in the data collection, 

which mean this is convenience sampling. All the school that decided to perform the DI practical got 

an email with the question to switch to the IBL form. The schools who decided to switch to the IBL 

practicals are included in the dataset as well.  

In the period from November till half December 176 students performed the IBL form of the practical 

and are all included in this research. About the same size 173 of students are gathered for the DI 

practicals. For this data a total of seven different schools participated. These schools are from 

different parts of the Netherlands and differ in level of education. Both the IBL and the DI form have 

students from havo and vwo. Table 1 shows the information of the different schools and number of 

students that participated in the data collection.  

Approach of the research  
The global process of the research is schematically represented in figure 4 
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Redesigning the remaining IBL practicals 
Before actually gaining data, the eight remaining IBL assignments were redesigned analogous to the 

approach chosen in  Meulenbroeks and Rijerkerk (2020) . This transformation not only means a 

redesign of the existing instruction sheet, but also adding a quick-start guide (QSG) for the 

instrumentation and a template for a measurement report for the students.  

This QSG is one of the scaffolding methods, i.e., automation of non-salient tasks. The non-salient 

tasks turned out to be the second most important reason for the drop in the perceived level of 

competence (Meulenbroeks & Reijerkerk, 2020). These designed QSG gives tips on how to handle the 

equipment that will be used within the practical. The equipment being used is mostly new for the 

students and contains a lot of buttons and sliders that should not be used. Furthermore, a short 

description on how to start the measurement is included as well. Because of the development of the 

QSG, the instruction sheets of the practicals need some changes as well. The description about the 

set-up within the instruction sheet is now presented on the QSG and can be removed from the 

instruction sheet. The renewed instruction sheets are presented in appendix C. 

Besides the problems students have with the equipment, Meulenbroeks and Rijerkerk (2020) found 

that some of the students had some difficulties with drawing graphs on logarithmic paper. This 

obstacle belongs to non-salient tasks as well.  A short manual about using this type of graphs is 

added to the QSG of the experiments. This manual is also expected to diminish problems related to 

the non-salient tasks. See appendix B for the adapted QSG’s.   

Process knowledge turned out to be the biggest cause of the drop in perceived competence 

(Meulenbroeks & Reijerkerk, 2020). Within the design of the student worksheet, the scaffolding 

guidelines are taken account of to restore the problem in process knowledge of the students. 

Assisting questions are added to the worksheet so the students will use these questions as soon as 

they cannot continue their assignment, before asking an instructor or teacher. These questions are 

located at the sides of the student worksheet in little text clouds. Students who do not need the 

assisting question will be able to continue the practical without any support. By answering these 

questions and independently solving their problem, the feeling of competence is stimulated as well.  

See appendix D for the student worksheet of the IBL variants of the ISP. 

Collecting data 
Schools who participate in the ISP have to pick an option for rotating in the experiments. These 

options differ in length and form of the practical (DI of IBL). If the school chooses to do the DI 

practicals, the students will execute two or more DI practicals. However, if the IBL practicals are 

chosen, a combination of IBL and DI practicals will be set up. This is because of the fact that there are 

not enough set ups available to let a full class perform an IBL practical all at once. If chosen for the 

IBL practical, students always perform one IBL practical and in addition to that they will perform at 

least one DI practicals, depending on the chosen length of the ISP. In view of these limitations, we 

chose to only gather the pre-and post-test of the students’ first experiment. By doing this, the data 

that is collected is not affected by any previously executed practicals and ensures that the pretest 

actually is independent of any experiences with the ISP.    

Four different datasets are gathered by collecting data as described in figure 5. Every student will fill 

in a pretest and a posttest, resulting in four groups of data. The four groups can be described as the 

following: 
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1. Pretest on DI practical 
2. Pretest on IBL practical 
3. Posttest on DI practical 
4. Posttest on IBL practical 

 
Significant fewer students perform IBL practicals. Because of this, students who are executing both 

IBL and DI practicals are asked to start with the IBL practical so the number of students who start 

with this form is being increased. This ensures a higher amount of data points for the research. 

The data is collected via a questionnaire. The questionnaire that is used is called the Self-Regulation 

Questionnaire-Academic (SRQ-A) (Connell & Ryan, 1986). The SRQ-A is mainly used for determining 

the shift in autonomous and controlled motivation and the effect on it by changing an essential part 

of the lesson approach. This difference can be measured by executing a pre-and posttest.  

The SRQ-A questionnaire has been used in many studies related to motivation (Gomes et al., 2019; 

Kröner et al., 2017). Ryan and Connell (1989) validated this questionnaire. The SRQ-A assesses 

participants’: 

- Intrinsic motivation 

- Identified regulation 

- Introjected regulation 

- External regulation 

Integrated regulation and Amotivation are excluded from the SRQ-A questionnaire. Fully integrating 

a behavioural is very unlikely to have occurred during childhood or adolescence and is mainly 

observed among adults (Liu et al., 2008). Additionally, it is difficult to distinguish intrinsic motivation 

and integrated regulation within a self-reported questionnaire (Ryan & Connell, 1989b). The concept 

of amotivation is considered as not relevant to the ISP and therefore is not included in this study. The 

remaining questions measure the different four remaining constructs of the RAI. The questions have 

been slightly modified to the context of the ISP. A 5-point Likert-scale was used. With four different 

Figure 5: Different rotations of practicals and when pretest and posttest are executed 
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questions per construct, an average score per construct can be calculated, ranging from one to five. 

With these average scores, the RAI can be calculated. At the end of the questionnaire, the students 

have to fill in the last four digits of their phone number, making pairing possible. See appendix E for 

the complete questionnaire. 

Before collecting the data, all of the students have to sign a declaration of consent. The informed 

consent is included underneath the pretest (Appendix E). The students have to check the box to 

accept the terms of the research. Students are not obligated to participate in the research and have 

the option at all times to quit the research if they want to.  

Reliability  
Cronbach’s alpha describes the internal consistency of a questionnaire.  The consistencies of each of 

the different constructs are expressed in a number between 0 and 1. Constructs with a value  higher 

than α > .7 are considered as an acceptable level of self-consistency when dealing with research in 

science education (Taber, 2018).  The results of the Cronbach’s alpha within this research are given in 

Table 2 (DI) and Table 3 (IBL) 

Table 2: Chronbach's alpha DI 

Construct Chronbach’s alpha 

Pretest posttest 
Intrinsic motivation 0,902 0,898 
Identified regulation 0,815 0,842 
Introjected regulation 0,654  0,770 
External regulation 0,735 0,769 

 
Table 3: Chronbach's alpha IBL 

Construct Chronbach’s alpha 

Pretest posttest 
Intrinsic motivation 0,915 0,908 
Identified regulation 0,743 0,767 
Introjected regulation 0,608  0,685 
External regulation 0,730  0,747 

 

Question 5 on the pretest and question 7 on the posttest are not taken into account. After reading 

this question again, the sentence could be read in two ways. The question is: I’m trying my best for 

this type of practical because I am supposed to do this. This could be read either as 

- I’m trying my best because I’m supposed to 
Or: 

- I’m doing the practical because I’m supposed to 
 

, and was therefore excluded post hoc. Removing this question increased the Cronbach’s alpha of the 

construct external regulation. For example, the Cronbach’s alpha of the pretest on the DI practical, 

increased from .688 to .735. Because of the increase in the alpha value, the questions are excluded 

from the questionnaire.  Three out of the four different constructs have values with scales above α > 

.7.  The construct Introjected regulation varies from .608 to .770. According to Taber (2018), the 

reliability of the used questionnaire could be described as adequate to high/strong.  
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Quantitative data analysis 
The analysis of the data is conducted in SPSS. The gains from pretest to posttest on the RAI and the 

four different constructs of the DI practicals are compared to the gains from pretest to posttest on 

the IBL practicals. The test that will be used to compare the gains depends of the distribution of the 

data. When both the gain on the DI and the IBL practical is normally distributed a t-test will be used. 

If one of the two distributions isn’t distributed normally, the Mann-Whitney U test will be conducted.  

This latter test is resistant to non-normality. The normality tests of the group that had enough time 

for the practicals (green group in table 1) are given below in table 4 and 5. Following the Shapiro-Wilk 

normality tests, a t-test should be used for the gain in the RAI for the schools who have enough time 

to work on their practical. Both the DI and the IBL gain show a significance p > .05, which means that 

both data sets are distributed normally. Within the different constructs either the DI or IBL gain show 

a value below p < .05 which indicates that the data isn’t distributed normally. Because of this, a 

Mann-Whitney test has been used throughout.   

 

 

The normality tests of the other approaches are presented in appendix F. It turns out that all the 

other normality tests show that either the DI or the IBL practical has a significance p < .05 which 

indicates that the data are not distributed normally. As a result, the Mann-Whitney U test is used 

throughout. 

Data storage 
The questionnaires have been distributed on paper and collected after the first experiment of the 

students. After each session the questionnaires were scanned and stored at an encrypted hard disc, 

just like the SPSS files arising from the questionnaires. The original filled in questionnaires are stored 

in a locked room. The data is stored at Betastor where the data will be kept save and backed up for 

ten years. To prevent data of the participants will leak out, SURF file sender with encryption was used 

when data had to be transported, 

  

 statistics df Sig. 

IBLgainRAI ,975 88 ,089 
IBLgainInM ,938 88 ,000 
IBLgainIdR ,969 88 ,034 
IBLgainInR ,976 88 ,094 
IBLgainExR ,981 88 ,217 

 statistics df Sig. 

DIgainRAI ,982 83 ,284 
DIgainInM ,965 83 ,024 
DIgainIdR ,976 83 ,118 
DIgainInR ,967 83 ,030 
DIgainExR ,949 83 ,002 

Table 4: Normality test gain DI. Students had enough time 
to work on their practical 

Table 5: Normality test gain IBL. Students had enough 
time to work on their practical 
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Graph 1: The gain in RAI and its different constructs all the schools are together 

 

(2) 

Results  
Total sample of schools 
The first part of the results is about the dataset when all results are grouped together.  This will give 

an overview of the students’ motivation profile when IBL with scaffolding is implemented without 

taking account the approach of the practical. Table 6 shows the results for the RAI and different 

constructs on the pretest and posttest for the DI and IBL practicals. Underneath the pretest and 

posttest are the gains. The score on the posttest and pretest are the average scores of the students. 

The gains can be calculated (2) for the RAI and its different constructs of motivation.  

                        

Table 6: Results of all the schools together. Pretest and posttest with its gains on DI and IBL 

 

 

 

 

 

 

 

 

 

 

 

The data has been visualized in graph 1. The red bars are the gains on the DI practicals and the blue 

bars represent the gain in IBL practicals. It is important to keep in mind that a lower value on 

introjected and external regulation results in the RAI becoming more positive. The first set of bars 

show the gain in the RAI and is built up out of the four different constructs shown next to is. The 

intrinsic motivation and the identified regulation have a higher score on IBL and the introjected and 

external regulation score lower on IBL.  

 

DI IBL 

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Pretest 
(SD) 

2,289 
(3,411) 

3,448 
(0,854) 

2,967 
(0,785) 

2,413 
(0,770) 

2,580 
(0,957) 

1,967 
(3,487) 

3,416 
(0,859) 

3,057 
(0,707) 

2,608 
(0,745) 

2,657 
(0,950) 

Posttest 
(SD) 

3,010 
(3,320) 

3,632 
(0,870) 

2,816 
(0,862) 

2,237 
(0,839) 

2,416 
(0,925) 

3,091 
(3,449) 

3,672 
(0,828) 

2,966 
(0,750) 

2,391 
(0,741) 

2,414 
(0,898) 

Gain  
(SD) 

0,721 
(2,481) 

0,184 
(0,746) 

-0,150 
(0,545) 

-0,176 
(0,594) 

-0,164 
(0,672) 

1,125 
(2,585) 

0,256 
(0,653) 

-0,091 
(0,469) 

-0,217 
(0,570) 

-0,243 
(0,803) 
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Graph 2: The gain in RAI and its different constructs when students have no prior preparation and do not get assessed 

The results of the Mann-Whitney test are presented in table 7 

Table 7: Mann-Whitney test with all the schools together 

 gainRAI gainInM gainIdR gainInR gainExR 

Mann-
Whitney U 

13895,5 14145,0 14234,5 14222,5 14463,5 

Wilcoxon W 28946,5 29196,0 29285,5 29789,0 30039,0 
Z -1,410 -1,154 -1,065 -1,075 -,817 
Asymp. Sig. 
(2-tailed) 

,159 ,249 ,287 ,282 ,414 

 

The Mann-Whitney test indicates that none of the changes are statistically significant. The statistics 

show that there is no proof of any significant change in the RAI or its different constructs when the 

total sample is analysed.   

Preparation and assessment 
The first approach that will be further looked into is preparation/assessment. One group did not have 

prior preparation and did not get assessed. The other group was prepared and did get an 

assessment. The descriptive statistics of the group who had no prior preparation and did not get 

assessed are shown in table 8 and visualized in graph 2. The extended version of the table, with the 

pretest and posttest scores are presented in appendix G 

Table 8: Results of no preparation/no assessment. Pretest and posttest with its gains on DI and IBL. 

DI IBL  

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Gain  
(SD)      

0,794 
(2,358) 

0,151 
(0,745) 

-0,142 
(0,561) 

-0,210 
(0,522) 

-0,212 
(0,576) 

1,622 
(2,790) 

0,215 
(0,712) 

-0,012 
(0,467) 

-0,199 
(0,542) 

-0,503 
(0,763) 

Again, the blue bars are for the gains in DI practicals and the red bars for IBL. It is clear to see that all 

the averages scores of the RAI and the different constructs, aside from introjected regulation, change 

in favour of IBL.  
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Graph 3: The gain in RAI and its different constructs when students have prior preparation and do get assessed 
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Again, a Mann-Whitney test was conducted to determine if any of the changes from DI to IBL are 

significantly different from each other.  The results of the test are given in table 9. 

Table 9: Mann-Whitney test no prior preparation and no assessment 

 gainRAI gainInM gainIdR gainInR gainExR 

Mann-
Whitney U 

3382,5 3915,0 3697,5 4292,5 3290,5 

Wilcoxon W 12835,5 13368,0 13150,5 6372,5 5370,5 
Z -2,607 -1,230 -1,808 -,241 -2,884 
Asymp. Sig. 
(2-tailed) 

,009 ,219 ,071 ,809 ,004 

 

The Mann-Whitney test indicates that the difference in the gain in RAI is statistically significant 

favouring the IBL variant, U(NDI= 137,NIBL = 64,) = 3383, z = -2.61, p =.009 (two-tailed). The score 

changes from .794 on DI to 1.622 on IBL. Furthermore, the difference between the gains of the 

extrinsic regulation is statistically significant as well, U(NDI=137,NIBL = 64,) = 3291, z =-2.88, p =.004 

(two-tailed), again in favour of IBL. This construct has a value of -.212 on DI and a value of -.503 on 

IBL. The rest of the construct do not have statically different scores on the IBL practical in comparison 

to the DI variant. 

The second group (prior preparation and assessment). The table with the gains on DI and IBL are 

shown in table 10 (see appendix H for extended version). The bar diagram of this group can be seen 

in graph 3.  

Table 10: Results of students with prior preparation and assessment. Pretest and posttest with its gains on DI and IBL. 

  

DI IBL 

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Gain  
(SD) 

0,442 
(2,886) 

0,306 
(0,736) 

-0,181 
(0,481) 

-0,049 
(0,799) 

0,019 
(0,929) 

0,840 
(2,413) 

0,279 
(0,615) 

-0,136 
(0,465) 

-0,228 
(0,586) 

-0,095 
(0,787) 
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A quick view on this graph shows that there is a positive change in the average scores for the RAI 

value from DI to IBL. The intrinsic motivation decreases slightly and the other constructs change 

positively for the RAI score. The Mann-Whitney test is conducted to see if these changes are 

significantly different from each other. The results of this test are presented in Appendix G. Neither 

the RAI nor any of the construct has a p-value  < .05, which implies that none of the differences in the 

gains from DI to IBL are statistically different when student do have prior preparation and do get 

assessed for their practical. 

Available time 
The first group that will be shown is the group with enough available time for the practical. The 

means and standard deviations of the pre and posttest of the students are presented in table 11 and 

visualized in graph 4. See appendix I for the complete descriptive statistics of this approach. 

Table 11: Results of students with enough available time. Pretest and posttest with its gains on DI and IBL. 

 

 

 

 

 

 

 

 

 

All the average scores of the constructs change positively for the RAI score. Both the intrinsic 

motivation and the identified regulation have a higher gain on the IBL practical. The introjected and 

external regulation both score lower on IBL, which works out positively for the gain in the RAI. 

Because all the constructs change positively from DI to IBL, the RAI shows an increase in the average 

score from DI to IBL as well. 

Table 12 shows the results of the independent t-test for the RAI. This t-test shows that there is a 

significant difference between the RAI scores on the DI (M=2,9, SD-3,407) and IBL (M=2.650, 

SD=3.253) practicals, t(169) = -2.118, p = .036. 

  

DI IBL 

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Gain  
(SD) 

0,687 
(2,299) 

0,102 
(0,726) 

-0,151 
(0,561) 

-0,223 
(0,499) 

-0,205 
(0,493) 

1,552 
(2,801) 

0,261 
(0,700) 

-0,026 
(0,483) 

-0,256 
(0,540) 

-0,400 
(0,763) 
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Graph 4: The gain in RAI and its different constructs when students have enough time to work on their practical 
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Table 12: independent t-test for students who have enough time to work on practical 

  Levene’s Test for Equility 
of Variances 

t-test for Equility of Means 

 F Sig. t df Sig. (2-tailed) 
Gain RAI Equal variances 

assumed 
3,835 ,052 -2,118 169 ,036 

Equal variances 
not assumed 

0,305 ,581 -2,131 165,487 ,035 

 

The Mann-Whitney test has been conducted on all the different constructs. The results of this test 
are shown in table 13. 

Table 43: Mann-Whitney test enough time to work on practical 

 gainInM gainIdR gainInR gainExR 

Mann-
Whitney U 

3050,0 3110,0 3492,5 3004,5 

Wilcoxon W 6536,0 6596,0 7408,5 6920,5 
Z -1,879 -1,694 -,499 -2,025 
Asymp. Sig. 
(2-tailed) 

,060 ,090 ,618 ,043 

 

This test shows that there is a significant difference in the gain of the extrinsic regulation U(NDI= 

83,NIBL = 88,) = 3005, z = -2.03, p =.043 (two-tailed) of the students. The extrinsic regulation changes 

from -.205 on DI to -.400 on IBL. Besides the significant change in the extrinsic regulation, there is no 

significant change in any of the other constructs.  

The second group within the approach of available time is the group that did not have enough time 

to work on their practical. Table 14 shows the gains on the RAI and its different constructs for DI and 

IBL. The complete descriptive statistics of this approach is presented in appendix J. Graph 5 shows an 

overview of the gains of the students when the ISP is performed with little available time.  

Table 14: Results of students with enough available time. Pretest and posttest with its gains on DI and IBL. 

 

 

 

 

 

 

 

DI IBL 

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Gain  
(SD) 

0,752 
(2,638) 

0,258 
(0,756) 

-0,150 
(0,531) 

-0,133 
(0,667) 

-0,126 
(0,801) 

0,697 
(2,269) 

0,250 
(0,602) 

-0,156 
(0,446) 

-0,179 
(0,597) 

-0,087 
(0,811) 
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In comparison to the students who have enough time available there are some differences present 

when students are limited in time for their practical. The complete test result has been presented in 

Appendix H. The first important difference is that the RAI score U(NDI = 83,NIBL= 88,) = 3839, z = -.352, 

p =.725 (two-tailed) and the external regulation U(NDI = 83,NIBL= 88,) = 3721, z = -.706, p =.480 (two-

tailed ) is not significantly different for this group.  

A Mann-Whitney test has been conducted to see if any of the changes in favour of DI are significant. 

It turns out that none of the changes are statistically different, with the lowest p-value for introjected 

regulation U(NDI = 83,NIBL= 88,) = 3629, z = -.364, p =.331 (two-tailed). This means that there is no 

statistical prove of a preference for either DI or IBL when little time is available. 
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Graph 5: The gain in RAI and its different constructs when students do not have enough time to work on their practical 
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Conclusions  
The aim of this research was to investigate what the effects of IBL with specific chosen scaffolding 

techniques are on the motivation profile of students. The research question was: “To what extent 

does IBL with proper scaffolding affect students’ motivation profile for a physics practical, in 

comparison to the DI variant?”. The first hypothesis of this research was that the motivation profile 

of students who are performing an IBL practical with implemented scaffolding on process knowledge 

and non-salient tasks would be more autonomously motivated when compared to a DI practical. 

Furthermore, the expectation was that the different approaches would have effect on the motivation 

profile of the students. Assessment of the practical and a shortage of time to perform it, would lead 

to a more controlled form of motivation. Prior preparation on the practical was expected to lead to a 

more autonomous form of motivation. 

A Mann-Whitney test was conducted to investigate if there was a significant difference between the 

students who performed the IBL practicals in comparison DI. This test showed that there is no 

significant gain from DI to IBL on the RAI or on any of the different constructs. 

The first difference in approach is about the preparation and the assessment students have for the 

practicals. It turns out that students who have no prior preparation and are not getting assessed for 

their work, do score significantly higher on the RAI when an IBL practical is performed. This indicated 

that these students are more autonomously motivated. Statistics showed that the external 

regulation decreased significantly as well for the students who are not prepared and do not get 

assessed from DI to IBL. The group of students that did have prior preparation and got assessed for 

their work show no significant change on the RAI or on any of the constructs.  

It turns out that students who had enough time available for their practical are significantly more 

autonomously motivated when the IBL practicals are performed. Along with it, a Mann-Whitney test 

showed that the external regulation of students who have enough time for their practical decreases 

significantly when IBL is performed. All the other constructs of the RAI do not change significantly. 

The group of students that did not have enough time available did not show any significant changes 

in the RAI or its different constructs.  

In conclusion, changing a physics practical from DI to IBL with proper scaffolding can indeed change 

the motivation profile of a student to being more autonomous. However, it turns out that it is not 

only important to carefully support the perceived competence of the students within this IBL setting 

as described by Meulenbroeks and Reijerkerk (2020), but that the approach of the ISP plays an 

important role in whether or not there is a significant change in the motivation profile of the 

students to being more autonomous. The conclusions of this research support the stated hypotheses. 

This research showed that the students with no prior preparation, no assessment and enough time 

to work on their practical demonstrate a significant increase in their RAI. This significant increase in 

the RAI is mainly caused by the drop in the external regulation of the students. Students with 

preparation, assessment and a lack of time, show no significant results in the RAI or in any of the 

constructs from DI to IBL. 
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Discussion  
Limitations 
There are several limitations to the methodology and the conclusions of this research. One of the 

methodological limitations is that a quasi-experimental setting was used for this research. As the 

school teachers choose to perform either the DI or IBL practicals, randomly assigning the practicals to 

the students was not possible. Thus the only option was convenience sampling. All the schools that 

chose to perform an IBL practical within the window of data collection are included. Two schools that 

performed DI practicals are added to make the sample size similar. The quasi-experimental setting 

and convenience sampling limits the generalizability of this research.  

Secondly, splitting the complete sample into the different approaches reduced the number of 

students and amount of schools that are analysed per approach. For example, due to the approach 

‘no preparation and no assessment’ the number of students is reduced from 179 to 64 and the 

number of schools from five to two. Although the results are in line with the expectations of the 

effect of this approach, it could be possible that these two schools just happened to score higher on 

IBL because of other reasons than preparation and assessment. With an increase in the number of 

schools this issue can be mitigated. 

Another limitation is the fact that the approaches around perpetration and assessment are merged 

together as one approach (table 1). Therefore it is still unclear what the effect of one of these 

separate approaches would be on the motivation profile of the students. Even though there is a 

significant difference in the approach ‘no preparation and no assessment’, it does not automatically 

lead to the conclusion that the separate approaches would show the same results. For example, it is 

theoretically possible that the difference in gain comparing DI to IBL is large when students are not 

prepared but is actually made smaller because students are not getting assessed. The net result of 

the ‘not prepared and not assessed’ approach would then be an increase in the RAI value, leaving 

open the possibility that it is better to not prepare the students and actually do assess their work. 

Beyond these limitations, the Chronbach’s alpha value of the introjected regulation was low on the 

pretest of both the DI and IBL practical with scores of .654 and .608 respectively. Removing one 

question of the pre and posttest did not increase the alpha value. Removing two questions slightly 

increased the value but the value was still under the benchmark of α < .7. Additionally, there were 

only two questions remaining at the introjected regulation construct when these two questions got 

deleted. This, in combination with the small increase led to the decision to accept the slight low α-

value.  

Finally, the ISP has some unique features, which makes it difficult to generalize these conclusions to 

the rest of high school domains. The usage of QSG’s and student worksheet seem to support the 

perceived competence of a student within this IBL physics practical. However, this does not 

automatically mean that the solution for this physics setting is the same for other school subjects. It 

is possible that there are other problems at play than the non-salient tasks and process knowledge 

within an IBL practical for biology or an IBL project for history. Research has to show if implementing 

IBL as described in this research works out for other teaching environments.  

Implications  
Previous research showed multiple times that an increase in intrinsic motivation is not guaranteed 

when IBL is randomly implemented. In general, research on IBL and motivation within the ISP context 
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concluded that the lack of perceived competence is the problem in this IBL setting and that this could 

be supported by implementing scaffolding correctly (Meulenbroeks & Reijerkerk, 2020). However, 

this research shows once again that implementing these scaffolding methods also does not mean per 

se that the motivation profile changes to more autonomous. Besides the scaffolding methods, the 

approach of IBL is decisive whether or not the students’ motivation profile changes positively when 

switching from DI to IBL within this physics practicals.  This result shows once more that using IBL 

within a classroom is complex and should be thought trough thoroughly before using in a learning 

context. 

This research also has practical implications. Supervisors of the ISP should advice the school teachers 

in how to approach the practicals when IBL is chosen. There are varies good reasons for schools to 

choose for the IBL practicals. Whether it is to train problem solving skills of students or deeper 

learning by IBL, it is beneficial for every teacher to trigger the autonomous motivation of their 

students. In order to be able to do this, this research demonstrates that is it important for schools to 

not prepare the students for the practical. The instructor of the ISP makes sure that there is time 

available to work on the preparation at the beginning of the session. Additionally, the teachers 

should not assess the students work. This stimulates the controlled motivation instead of the 

autonomous motivation. Finally, the students must have enough time to work on the practical when 

the measurement is finished. Teacher need to be aware that most students can only perform one IBL 

and one DI practical from start to finish in 2 hours of time.  

Another practical implication applies for the teacher in high schools itself. Not only do the 

supervisors of the ISP should advice the teachers how to approach the ISP, teachers themselves 

should know how to implement IBL as well. The teachers that want to make use of IBL within their 

own lessons must know that simply implementing IBL will not directly lead to a more autonomous 

type of motivation. They should think about the approach of IBL and how they want to make use of 

scaffolding in order to achieve the advantage of IBL.  

Although it is difficult to generalize this research to all domains in high school, the findings of this 

research might have implications on the view of what IBL implementation should look like in the 

future. If future research can prove the effect of scaffolded IBL with the right approach in other 

subjects, it might not only alleviate the problem around the motivation of students. This concept 

could also be implemented in future education of teachers.  

Recommendations (future research) 

Future research can try to set up a controlled group of students that meet the advised approaches 

(enough time, no preparation and no assessment) to obtain the gain in the autonomous motivation 

from DI to IBL. By doing this, the results of this research can be checked in a more controlled setting. 

In addition, it is interesting to research what the results of the preparation and assessment will do 

separately on the motivation profile of the students.  

The lack of competence support could have been a contributing factor why Verburg (2018) 

concluded that there is no difference in conceptual understanding of students performing the IBL 

practical in comparison to the DI variant. A similar quantitative research could be conducted to show 

if there is a change in the conceptual understanding when IBL with proper scaffolding and the 

advised approach will be used.  



The effects of an IBL practical on intrinsic motivation 
 

29 
 

Finally, the student worksheet of the IBL practicals remained unchanged. Meulenbroeks and 

Reijerkerk (2020) described that there could be made some slight modifications to this device in 

order to support the process knowledge during the practical. Guiding questions or suggestions can be 

made on the frequency and time span of measurements. This helps to set boundaries and prevent 

students from being distracted by these tasks. This modification focuses on the guideline 4a of 

Quintana et all (2004)  
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Appendix A: Matrix Crapps and Crawford 

Table A1 shows the matrix Crapps and Crawford created to score the 8 key aspects of inquiry and to 

what extent it is teacher or student-initiated. 

 

  

Table 5: Matrix for scoring the extent to which a certain design is teacher or student-initiated 
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Appendix B: QSG’s of the IBL variants of the ISP
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on the back of the QSG’s, the following tool around the logarithmic paper is added:  
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Appendix C: New IBL instruction sheet of the ISP practicals 
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Appendix D: Student worksheet 
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Appendix E: SRQ-A questionnaire 
Geef voor de volgende stellingen aan in hoeverre jij het er mee eens bent. Geef slechts één antwoord per stelling door 
het te omcirkelen. Foute antwoorden kunnen worden doorgestreept 

Stelling  
Helemaal 
mee 
oneens 

Een 
beetje 
oneens 

Neutraal 
Een 
beetje 
eens  

Helemaal 
mee eens 

Ik vind dit soort practica persoonlijk zeer waardevol 1 2 3 4 5 

Ik vind dit soort practica leuk om te doen 1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik wil dat anderen denken dat 
ik verstandig ben 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik dit een belangrijk levensdoel 
vind 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik verondersteld word dit te 
doen 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik me zou schamen als ik het 
niet zou doen 
 

1 2 3 4 5 

Ik vind het doen van dit soort practica een aangename bezigheid 1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik anderen (ouders, vrienden, 
leerkrachten, …) me hiertoe verplichten 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik nieuwe dingen wil bijleren 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik anderen (ouders, vrienden, 
leerkrachten, …) dit van mij verwachten 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik anderen de indruk wil geven 
dat ik een goede leerling ben 
 

1 2 3 4 5 

Ik ben geïnteresseerd in dit soort practica  1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat ik me schuldig zou voelen als ik 
het niet zou doen 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat anderen (ouders, vrienden, 
leerkrachten, …) me dwingen om dit te doen 
 

1 2 3 4 5 

Ik doe mijn best bij dit soort practica omdat dit voor mij een persoonlijk 
belangrijke keuze is 
 

1 2 3 4 5 

Dit soort practica vind ik boeiend om te doen 1 2 3 4 5 

Omcirkel welke variant van het practicum je zo gaat doen: Open variant Gesloten variant 

Laatste 4 cijfers van je telefoonnummer om pre- en posttest te kunnen 
matchen. 

Cijfercode: ___________ 
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Geef voor de volgende stellingen aan in hoeverre jij het er mee eens bent. Geef slechts één antwoord per stelling door 
het te omcirkelen. Foute antwoorden kunnen worden doorgestreept 

Stelling  
Helemaal 
mee 
oneens 

Een 
beetje 
oneens 

Neutraal 
Een 
beetje 
eens  

Helemaal 
mee eens 

Ik deed mijn best tijdens dit practicum omdat ik nieuwe dingen wilde 
bijleren  
 

1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat anderen (ouders, vrienden, 
leerkrachten, …) dit van mij verwachtten 
 

1 2 3 4 5 

Ik was geïnteresseerd tijdens dit practicum  1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat ik wilde dat anderen denken 
dat ik verstandig ben 
 

1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat ik anderen de indruk wilde 
geven dat ik een goede leerling ben 
 

1 2 3 4 5 

Ik vond het doen van dit practica een aangename bezigheid 1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat ik verondersteld werd dit te 
doen 
 

1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat dit voor mij een persoonlijk 
belangrijke keuze is 
 

1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat anderen (ouders, vrienden, 
leerkrachten, …) me hiertoe verplichtten 
 

1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat ik me schuldig zou voelen als 
ik het niet zou doen 
 

1 2 3 4 5 

Ik vond dit practicum boeiend om te doen  1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat ik dit een belangrijk 
levensdoel vind 
 

1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat anderen (ouders, vrienden, 
leerkrachten, …) me dwongen om dit te doen 
 

1 2 3 4 5 

Ik vond dit practicum persoonlijk zeer waardevol 1 2 3 4 5 

Ik vond dit practicum leuk om te doen  1 2 3 4 5 

Ik deed mijn best tijdens dit practicum omdat ik me zou schamen als ik het 
niet zou doen 
 

1 2 3 4 5 

Omcirkel welke variant van het practicum je net hebt gedaan: Open variant Gesloten variant 

Laatste 4 cijfers van je telefoonnummer om pre- en posttest te kunnen 
matchen.  

Cijfercode: ___________ 
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Appendix F: Normality Tests  
 
Whole sample: 

 
Are prepared for the practical and get assessed: 

Are not prepared for the practical and do not get assessed: 

 

did not have enough time for the practical: 

did have enough time for the practical: 
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Appendix G: Full data on approach: “no prior preparation and no 
assessment” 
 
Table A: Results of no preparation/no assessment. Pretest and posttest with its gains on DI and IBL. 

DI IBL  

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Pretest 
(SD) 

2,227 
(3,431) 

3,453 
(1,011) 

3,004 
(0,862) 

2,422 
(0,786) 

2,630 
(0,952) 

2,306 
(3,193) 

3,520 
(0,790) 

3,094 
(0,721) 

2,598 
(0,740) 

2,615 
(0,890) 

Posttest 
(SD) 

3,021 
(3,293) 

3,604 
(0,883) 

2,861 
(0,863) 

2,212 
(0,835) 

2,418 
(0,918) 

3,928 
(3,233) 

3,734 
(0,850) 

3,082 
(0,803) 

2,398 
(0,738) 

2,112 
(0,702) 

Gain  
(SD)      

0,794 
(2,358) 

0,151 
(0,745) 

-0,142 
(0,561) 

-0,210 
(0,522) 

-0,212 
(0,576) 

1,622 
(2,790) 

0,215 
(0,712) 

-0,012 
(0,467) 

-0,199 
(0,542) 

-0,503 
(0,763) 
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Appendix H: Full data on approach: “prepared and assessed” 
 

Table B: Results of students with prior preparation and assessment. Pretest and posttest with its gains on DI and IBL. 

 

 

Table C: Mann-Whitney test with prior preparation and assessment 

 gainRAI gainInM gainIdR gainInR gainExR 

Mann-
Whitney U 

1960,0 1972,5 1896,0 1644,0 1932,0 

Wilcoxon W 2626,0 8300,5 2562,5 7972,0 8260,0 
Z -,250 -,196 -,544 -1,679 -,380 
Asymp. Sig. 
(2-tailed) 

,802 ,945 ,587 ,093 ,704 

 

  

DI IBL 

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Pretest 
(SD) 

2,528 
(3,324) 

3,431 
(0,824) 

2,826 
(0,684 

2,382 
(0,706) 

2,389 
(0,954) 

2,496 
(3,193) 

3,327 
(0,907) 

2,750 
(0,741) 

2,316 
(0,742) 

2,342 
(0,957) 

Posttest 
(SD) 

2,970 
(3,420) 

3,736 
(0,810) 

2,646 
(0,836) 

2,333 
(0,848) 

2,407 
(0,905) 

2,613 
(3,487) 

3,636 
(0,813) 

2,900 
(0,710) 

2,386 
(0,743) 

2,586 
(0,952) 

Gain  
(SD) 

0,442 
(2,886) 

0,306 
(0,736) 

-0,181 
(0,481) 

-0,049 
(0,799) 

0,019 
(0,929) 

0,840 
(2,413) 

0,279 
(0,615) 

-0,136 
(0,465) 

-0,228 
(0,586) 

-0,095 
(0,787) 



The effects of an IBL practical on intrinsic motivation 
 

73 
 

Appendix I: Full data on approach: “enough time for the practical” 
 
Table D: Results of students with enough available time. Pretest and posttest with its gains on DI and IBL. 

 
 
 
  

DI IBL 

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Pretest 
(SD) 

2,924 
(3,407) 

3,645 
(0,789) 

3,045 
(0,741) 

2,383 
(0,752) 

2,514 
(1,012) 

2,650 
(3,253) 

3,565 
(0,775) 

3,159 
(0,691) 

2,602 
(0,760) 

2,519 
(0,867) 

Posttest 
(SD) 

3,610 
(3,453) 

3,747 
(0,837) 

2,895 
(0,875) 

2,160 
(0,805) 

2,309 
(0,976) 

4,202 
(3,167) 

3,827 
(0,802) 

3,134 
(0,745) 

2,347 
(0,761) 

2,119 
(0,742) 

Gain  
(SD) 

0,687 
(2,299) 

0,102 
(0,726) 

-0,151 
(0,561) 

-0,223 
(0,499) 

-0,205 
(0,493) 

1,552 
(2,801) 

0,261 
(0,700) 

-0,026 
(0,483) 

-0,256 
(0,540) 

-0,400 
(0,763) 
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Appendix J: Full data on approach: “not enough time for the practical” 
 
 
Table E: Results of students with enough available time. Pretest and posttest with its gains on DI and IBL. 

 
Table 6: Mann-Whitney test with prior preparation and assessment 

 gainRAI gainInM gainIdR gainInR gainExR 

Mann-
Whitney U 

3839,0 3945,5 3837,0 3629,0 3720,5 

Wilcoxon W 7755,0 7861,5 7753,0 7545,0 7815,5 
Z -,352 -,042 -,364 -,973 -,706 
Asymp. Sig. 
(2-tailed) 

,725 ,966 ,716 ,331 ,480 

 

DI IBL 

 RAI InM IdR InR ExR RAI InM IdR InR ExR 
Pretest 
(SD) 

1,705 
(3,308 

3,267 
(0,871) 

2,894 
(0,817) 

2,442 
(0,786) 

2,641 
(0,900) 

1,284 
(3,582) 

3,267 
(0,914) 

2,955 
(0,709) 

2,614 
(0,730) 

2,795 
(1,006) 

Posttest 
(SD) 

2,456 
(3,091) 

3,525 
(0,886) 

2,744 
(0,843) 

2,308 
(0,864) 

2,515 
(0,864) 

1,981 
(3,381) 

3,517 
(0,828) 

2,798 
(0,719) 

2,435 
(0,719) 

2,708 
(0,946) 

Gain  
(SD) 

0,752 
(2,638) 

0,258 
(0,756) 

-0,150 
(0,531) 

-0,133 
(0,667) 

-0,126 
(0,801) 

0,697 
(2,269) 

0,250 
(0,602) 

-0,156 
(0,446) 

-0,179 
(0,597) 

-0,087 
(0,811) 


