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Abstract

Hypothesis generation is an important but difficult process for students. This study

investigated the effects of providing students with support for hypothesis genera-

tion, with regard to the testability and complexity of the generated hypotheses, the

quality of the subsequent inquiry learning processes and knowledge acquisition.

Fifty-two secondary school students completed three prior knowledge tests and

worked on an inquiry task in the domain of force and motion, concerning the topic of

Newton's first law of motion. They received either a set of terms (variables, condi-

tions and relations) to help them generate hypotheses (T condition, n = 23) or the

same set of terms plus a partial hypothesis to start from (T + PHy condition, n = 29).

Results showed that students in the T + PHy condition generated more complex

hypotheses, performed better at data collection and acquired more domain knowl-

edge than students in the T condition. No effects of prior knowledge were found.
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1 | INTRODUCTION

Inquiry learning is an instructional method for science education that

emphasises the active involvement of students. In an inquiry context,

students are expected to actively explore problems or phenomena in

a way that resembles what scientists do – asking questions, generat-

ing hypotheses, designing experiments and drawing conclusions.

Computer simulations, or online laboratories, are receiving increasing

attention from the educational field because of their potential to pro-

vide a feasible learning environment for inquiry learning (Blake &

Scanlon, 2007; Lai, Hwang, & Tu, 2018; Rieber, Tzeng, & Tribble,

2004; van Joolingen & de Jong, 1991). Compared with hands-on

inquiry learning, simulation-based inquiry learning has the advantages

that it can provide a relatively harmless inquiry environment for stu-

dents (de Jong, 2006), can make normally invisible phenomena visible

(Olympiou, Zacharias, & de Jong, 2013; Windschitl, 2000) and can

simplify or emphasise certain aspects of the domain to facilitate

students' understanding of the phenomenon (van Joolingen, de Jong, &

Dimitrakopoulou, 2007).

Despite the widespread belief that simulation-based inquiry

learning is a promising learning method (de Jong, 2006; Rutten, van

Joolingen, & van der Veen, 2012; Woolf et al., 2002), use of

simulation-based inquiry does not by itself guarantee effectiveness in

facilitating learning (de Jong & van Joolingen, 1998; Eslinger, White,

Frederiksen, & Brobst, 2008; Keselman, 2003). Empirical studies have

found that students often lack the inquiry skills needed to complete

systematic scientific investigations (Arnold, Kremer, & Mayer, 2014;

Edelson, Gordin, & Pea, 1999; Krajcik et al., 1998). It is, therefore,

widely agreed that inquiry with minimal guidance or even no guidance

is less effective and less efficient than guided inquiry learning (Hmelo-

Silver, Duncan, & Chinn, 2007; Kirschner, Sweller, & Clark, 2006;

Mayer, 2004), which has also been confirmed in a number of overview

studies (Lazonder & Harmsen, 2016; Rutten et al., 2012; Smetana &

Bell, 2012).
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1.1 | Importance and difficulty of hypothesis
generation

Students can encounter problems during different inquiry learning

processes, and dedicated supports are needed for these processes.

The current study focused on support for the hypothesis generation

process in a simulation-based inquiry learning environment. The first

reason for this focus is that this process and its product are crucial for

the entire inquiry learning process. The hypothesis generation process

activates students' prior knowledge and forces students to mindfully

consider variable selection as well as the relationships between the

variables involved in the domain (Windschitl & Andre, 1998). The ten-

tative relations between variables stated in the hypotheses that are

generated then serve to direct and guide the process of experiment

design (de Jong, 2006; Swatton, 1992). During experimentation,

hypotheses can direct the data collection (de Jong, 2006; Klahr &

Simon, 1999; Swatton, 1992). After completion of the data collection,

hypotheses can guide interpretation of data and drawing of conclu-

sions (Piekny & Maehler, 2013).

The second reason is that generating a testable hypothesis is

commonly regarded as a difficult process for students (Chang, Chen,

Lin, & Sung, 2008; Gijlers & de Jong, 2009; Keselman, 2003; Njoo &

de Jong, 1993; Swatton, 1992). A testable hypothesis is a statement

that indicates a relation between two or more relevant variables and

that is falsifiable. The three main elements of a testable hypothesis

are variables, conditions of the variables and relations between the

variables (van Joolingen & de Jong, 1991). One often-mentioned

problem in hypothesis generation is that students do not know what a

testable hypothesis should look like (de Jong & van Joolingen, 1998;

Swatton, 1992). In addition, students find it hard to identify

relevant variables that require investigation (de Jong, 1991; van

Joolingen & de Jong, 1991), they have problems in differentiating

between dependent, independent and controlled variables and they

frequently fail to identify potential relations between variables

(Njoo & de Jong, 1993).

1.2 | Support for hypothesis generation

In spite of the importance and difficulty of hypothesis generation, a lim-

ited body of studies has focused on supporting this process. Kim and

Pedersen (2011) investigated the effectiveness of metacognitive sup-

ports for strengthening hypothesis generation. In their study, students

in the treatment condition had access to three types of metacognitive

supports during the hypothesis generation process, including reflective

prompts, self-questioning and a self-checklist. All of these supports

were aimed at reminding students to reflect on their hypothesis gener-

ation process. The results revealed that the presence of the three

metacognitive supports together promoted students' hypothesis devel-

opment performance and domain knowledge acquisition.

Interpretative support was investigated by Reid, Zhang, and Chen

(2003) as another way to help students with their hypothesis genera-

tion. In their study, multiple-choice questions and concept descriptions

provided prior to the inquiry process were the main elements of the

support offered, with the aim of activating students' relevant knowl-

edge, prompting students to make a general analysis of the problem,

and providing a knowledge base for students. The effectiveness of this

interpretative support was confirmed in the sense that students who

received this support had better conceptual understanding of the

domain, performed better on transferring the knowledge to new situa-

tions and associated their prior knowledge better with the rules they

discovered (Reid et al., 2003; Zhang, Chen, Sun, & Reid, 2004).

The above two types of supports are less directive forms of

support that aim at prompting or preparing the students to state

their own hypotheses; there is another, more directive type of sup-

port that focuses more on hypothesis generation itself. Based on

the consideration that students often do not know what a testable

hypothesis looks like, this type of directive support takes the form

of a hypothesis scratchpad, initially designed by van Joolingen and

de Jong (1991), which aims to facilitate students' hypothesis gener-

ation by providing the hypothesis elements or structure for stu-

dents to use in completing their hypotheses. This type of support

has been further developed into two supporting measures with dif-

ferent levels of directiveness. One of these (first version of the

hypothesis scratchpad) provides students with a template giving

the three main elements (variables, conditions and relations) of a

hypothesis (van Joolingen & de Jong, 1991). Students can write

their own hypotheses by filling in and combining these three ele-

ments. The results of the empirical study using this version showed

that with the support of the given template, students used a larger

number of different variables in their hypotheses (van Joolingen &

de Jong, 1991). Another more directive form of support is to offer

students a specific number of ready-made hypotheses to use in their

inquiry process (Njoo & de Jong, 1993). The results here revealed

that students who were provided with pre-defined hypotheses got

higher scores for valid learning processes and completed more of the

given tasks (Njoo & de Jong, 1993).

Despite their identified advantages, these directive supports were

also shown in the studies cited above to have limitations. One is that

neither form of support resulted in better performance on domain

knowledge acquisition. Another limitation is that the completely pre-

defined hypotheses limited students' freedom to express their own

ideas and forced students to inquire in certain directions. A question

therefore arises: how can we optimise the hypothesis scratchpad to

take into account both the effectiveness of the support for facilitating

students' knowledge acquisition and students' amount of freedom?

What makes inquiry learning differ from traditional instruction is that

students are supposed to be actively engaged in the learning process.

Students need enough freedom to become cognitively active in the

process of sense making (Mayer, 2004). Although not specifically about

inquiry learning, an empirical study on encouraging online active learn-

ing found that offering students with instructor-assisted freedom of

choice motivated students to actively engage and achieve more in their

online studies (Radenski, 2009). There is strong agreement that when

designing a support for inquiry learning, it is important to balance

between the amount of guidance provided and the amount of freedom
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allowed for (Bell, Urhahne, Schanze, & Ploetzner, 2010; Njoo & de Jong,

1993). Considering all these, a promising direction for optimizing the

effectiveness of the hypothesis scratchpad could be to provide stu-

dents with a partial sentence that begins the statement of a testable

hypothesis, leaving students to complete the hypothesis.

1.3 | Providing partial solutions as supports

Offering partial hypotheses is related to what van Merriënboer (1990)

called the completion strategy. A completion strategy uses a special

form of a worked-out example, in which a partial solution is provided

that must be completed by the students. The partial solution limits the

task the students need to do, potentially directing their attention to

more productive parts of the task (Paas, 1992). In this way, the partial

solution that is offered reduces the students' extraneous cognitive

load, which is not essential for attaining the learning goals. The partial

solution given also contains important information that can enable

students to proceed with the learning process, especially those who

lack the necessary schemas or skills (Frerejean, van Strien, Kirschner, &

Brand-Gruwel, 2016). With regard to hypothesis generation, the par-

tial hypotheses given to students in this study include a stated condi-

tion of an independent variable, which may direct students to figure

out a related dependent variable and a relationship between them. It

was assumed that the given half-hypothesis can provide a referent

example for students to start their hypothesis generation. For

instance, when asking about the factors that can affect friction, the

given half-hypothesis could be: If the mass of an object increases,

then____. With such a support, there is a good likelihood that a stu-

dent can follow the logic and structure to complete a testable and

informative hypothesis. Moreover, by allowing students the freedom

to express their own ideas when completing the incomplete parts, it

does not constrain students too much.

The effectiveness of the completion strategy has been examined

in a number of empirical studies. Van Merriënboer (1990) used the

completion strategy as an intervention for an introductory computer

programming course for high school students. Compared with design-

ing and coding a complete program from scratch, the completion

strategy involved providing the students with completion assignments

that consisted of a problem specification and a partial program to be

modified or completed. The results showed that use of the completion

strategy effectively facilitated students' use of the programming tem-

plates as well as improved their learning and transfer performance.

These findings were replicated in a study by Paas (1992), who found

that compared with traditional instruction of basic statistics for sec-

ondary school students, both partly and completely worked-out exam-

ples were less effort-demanding and led to better transfer

performance on solving additional problems that differed from the

problems presented during instruction.

The completion strategy has also been used in studies in which stu-

dents had to create a concept map or a model (Chang, Sung, & Chen,

2001). In that case, an expert concept map with some nodes and links

reserved as blanks was offered to the students, leaving them to

complete the framework by filling in the blanks. This partial support

was assumed to reduce mental load and to provide a referent knowl-

edge structure for novice students. Results indicated that this kind of

partially completed concept map led students to produce more accu-

rate concept maps, and had a more positive effect on students' learning

than generating a concept map from scratch. More recently, Mulder,

Bollen, de Jong & Lazonder (2016) investigated the effects of partially

worked-out models. They compared the effectiveness of two kinds of

partial supports versus building models completely from scratch. One

was providing students with the overall structure of the model, the

other was providing both the structure of the model and a list of vari-

ables that should be included in the model. Results demonstrated that

students in both partial model conditions built better models, per-

formed better model testing activities and gained more knowledge than

those in the no support condition. In addition, the more extensive sup-

port (partial model + variable list) improved students' knowledge acqui-

sition, model quality and model testing activities more as compared to

the support in which only the partial model was given.

1.4 | Impact of prior knowledge

Prior knowledge is a factor that has been shown to have an effect on

hypothesis generation. A hypothesis holds a student's tentative idea

of the relations between the variables in a domain. Hypothesis gener-

ation relies on activating students' prior knowledge and mapping this

onto the problem or question to be addressed (Reid et al., 2003). Stu-

dents' prior knowledge of a domain can prepare them with a knowl-

edge base from which to select relevant variables, and familiarity with

variables may invoke probable inferences about the relationship

between variables. Lavoie and Good (1988) found that learners' prior

knowledge of a domain can help them to generate more accurate

hypotheses concerning the relationship between the independent and

dependent variables in the domain. Having prior knowledge of the

domain could also benefit students as far as generating better hypoth-

eses. Lazonder, Wilhelm, and Hagemans (2008) compared students'

hypothesis generation performance when completing a concrete task

and an abstract task. The results demonstrated that learners knew

more about the relations between the variables in the concrete task

than the abstract task, and their initial hypotheses for the concrete

task were more specific than those for the abstract task.

Although not specifically focused on the hypothesis generation

process, many studies have found that prior knowledge affects the

effectiveness of inquiry learning, and most of these studies have

focused on its impact on domain-specific knowledge (Kalyuga, 2008;

van Riesen, Gijlers, Anjewierden & de Jong, 2018; Wang, Wang, Tai, &

Chen, 2010). Domain-specific knowledge, conceptual knowledge

about a specific topic within the larger domain, is the target type of

knowledge to be increased through the inquiry learning process as a

whole. But it is not the only kind of prior knowledge that students

bring to the learning situation. There is general domain knowledge

that is not currently the object of study, but which can act as back-

ground knowledge for making sense of the domain and the inquiry
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question. There is also knowledge about the inquiry process that is

not exclusively related to the domain, but which can equip students

with appropriate methods for knowledge acquisition.

1.5 | Purpose of the current study

The current study aimed to detect whether providing students with a

partial hypothesis can facilitate their inquiry learning. To this end, the

effectiveness of two versions of a hypothesis scratchpad as a support

for students' knowledge acquisition and inquiry process was com-

pared. One version involved providing students with terms rep-

resenting the three main elements of a testable hypothesis (T); the

other involved providing students with the same terms plus half a sen-

tence giving the start of a hypothesis (T + PHy). Since a hypothesis

plays an important role in guiding subsequent inquiry processes,

including data collection and drawing conclusions, we examined the

effect of the partial hypothesis not only on generating hypotheses,

but also on the other inquiry processes. In addition, we were also

interested to know if different types of prior knowledge influence the

effect of the given hypothesis generation supports.

Specifically, the research questions examined in the study were

as follows:

1. What effect does providing students with partial hypotheses have

on their hypothesis generation?

2. What effect does providing students with partial hypotheses have

on their subsequent inquiry processes?

3. What effect does providing students with partial hypotheses have

on their specific domain knowledge acquisition?

4. What influence do three different types of prior knowledge

(knowledge about the inquiry process, general domain knowledge

and specific domain knowledge) have on the effect of the given

hypothesis generation supports?

2 | METHOD

2.1 | Participants

In total, 52 students from two secondary schools (20 students from

School 1 and 32 students from School 2) completed all three sessions

of the experiment. There were 25 boys and 27 girls, with a mean age

of 13.87 years (SD = 0.99). To prevent a gender difference between

the two experimental conditions, participants from each class were

first grouped by gender and then randomly assigned to either experi-

mental condition. This resulted in 23 students (11 male, 12 female) in

the T (terms) condition, and the other 29 students (14 male, 15 female)

in the T + PHy (terms + partial hypothesis) condition.

The experiment was carried out first at School 1, where it turned

out that most students were not able to finish all of the inquiry

phases. Hence, at School 2, students were offered more time to work

in the provided learning environment. The main arrangement and

content of each session were identical for both schools; only the time

allowed for each session differed. At School 1, each session lasted for

45 min, and at School 2, each session lasted for 60 min.

2.2 | Design

A quasi-experimental pre-test/post-test design was used to examine

the relative effectiveness of the two different versions (T; T + PHy) of

the hypothesis scratchpad, a hypothesis generation support. The qual-

ity of students' hypotheses generated, their performance on subse-

quent inquiry processes and their knowledge acquisition about the

domain of force and motion addressed in the learning environment

were the dependent variables, and the version of the hypothesis

scratchpad was the independent variable.

2.3 | Materials

In the following section, the supporting method, the learning environ-

ment and the measuring instruments used in present study will be

introduced. All the materials were presented in English to the

participants.

2.3.1 | Terms and partial hypotheses

Terms and partial hypotheses were the two main supports for students'

hypothesis generation in this study. Students were provided with terms

representing the three main aspects of a testable hypothesis: variables,

relations and conditions. The terms were based on the topic of New-

ton's first law of motion and the current situation being simulated by a

virtual lab on force and motion. For example, the terms provided for

force variables were: the resultant force, the left force and the right

force, which included all types of forces that could be observed in the

virtual lab. Based on these force variables, all relations that could occur

between them were also offered as terms, such as larger, smaller, bal-

anced and unbalanced. For the condition terms, the possible states of

motion of an initially stationary object were provided: remains station-

ary and will move. Apart from the given terms, students were also

offered an editable and reusable term box, in which students could type

their own terms. They then needed to combine all of the chosen terms

to form a complete hypothesis (Figures 1 and 2).

For the T + PHy condition, the first half-sentence of a hypothesis

was provided. Based on the ‘If…then…’ format of a hypothesis, the

partial hypothesis in this study provided the ‘if’ part of a hypothesis.

This half-sentence clarified the condition of the independent variable,

leaving students to complete this hypothesis by predicting the result

of a relevant dependent variable (see an example in Figure 2). We pro-

vided the first half of the hypothesis rather than the predicted conclu-

sion because it is logically more constrained to deduce a possible

effect from a cause than the other way around. We assumed that it is

easier for students to complete a hypothesis by stating a possible
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effect from the cause we provided in the first half-hypothesis, espe-

cially for those who do not know much about the domain being stud-

ied. The participants in the present study were assumed to have

limited prior knowledge of the learning topic addressed in the present

study, as this had not yet been taught in their physics course.

2.3.2 | Simulation-based learning environment

In this study, students worked in a simulation-based online learning

environment. The inquiry learning environment was designed with an

authoring platform named Go-Lab (Gillet, Rodriguez-Triana, de Jong,

Bollen & Dikke, 2017). An inquiry learning environment in Go-Lab is

called an inquiry learning space (ILS); this term will be used in what

follows. An introductory ILS and a main ILS were designed for both

conditions. The introductory ILS was intended to familiarise students

with the structure and the methods of operation of an ILS, while the

main ILS was the main learning environment for the students. The

introductory ILS had the same structure and the same form of hypoth-

esis support as the main ILS, but addressed a different physics domain

– electricity. Since the introductory ILS was designed mainly to offer

practical guidance on how to operate in an ILS but not to give instruc-

tion on inquiry skills, students' performance in the introductory ILS

was not further analysed.

In the main ILS, students were intended to learn about Newton's

first law of motion by working through 5 phases – Orientation, Prepa-

ration, Investigation 1, Investigation 2 and Reflection. The Orientation

phase began by presenting an overview of the tasks to do in the ILS

and providing basic knowledge about the domain. In a novel inquiry

learning context, if the learning environment does not provide proper

guidance and content information, even skillful and competent stu-

dents will find difficulties in generating hypotheses. This phase aimed

to prepare students with basic content information about the domain

so that they could understand the research questions to be answered

when writing their hypotheses. The information in this phase was

mainly offered by text and pictures. A quiz with multiple-choice ques-

tions was included after each of several concept explanations. Both

the correct answer and its explanation were provided as feedback for

each of the answer options. These quizzes were presented to stimu-

late students to read the text and pictures carefully and were not used

for evaluation purposes. At the end of this phase, the learning goal of

this ILS was clarified, and students were prompted to proceed to the

next phase.

The Preparation phase gave students background information on

how to generate hypotheses and how to use the simulation – a Force

and Motion lab (a PhET lab designed at the University of Colorado,

retrieved from https://phet.colorado.edu/sims/html/forces-and-

motion-basics/latest/forces-and-motion-basics_en.html). Multiple-

choice questions were provided for students to review what they had

learned about the concept and the format of a testable hypothesis

from the introductory ILS (three items, for example, What is a hypoth-

esis? (a) A hypothesis is a research question about what you are inter-

ested in; (b) a hypothesis is a conclusion based on the results of an

experiment; (c) a hypothesis is a testable statement about your ideas

concerning a research question; (d) a hypothesis is an experiment

designed to answer a research question). Students were given the cor-

rect answer and answer explanation after their responses. A summary

of the main ideas concerning a hypothesis was given both in text and

F IGURE 1 Screenshot of the T
support in the hypothesis scratchpad

F IGURE 2 Screenshot of the T + PHy
support in the hypothesis scratchpad
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through a worked example of how to write a hypothesis (see Appen-

dix S1). After this, an instructional video about how to use the Force

and Motion Lab was shown to the student.

The Investigation 1 and Investigation 2 phases provided

opportunities for students to examine the relationship between

force and motion, with a focus on stationary objects and moving

objects, respectively. In the Investigation 1 phase, students first

watched an instructional video on how to use the hypothesis

scratchpad. After that, they were asked to generate one hypothesis

about the effect of force on the motion of a stationary object. The

T or T + PHy support was provided to students in the hypothesis

scratchpad (Figures 1 and 2). Then, in the Force and Motion lab,

students could carry out experiments to test their hypotheses. In

the Investigation 1 phase, students were asked to use the Net

Force lab (a subordinate lab in the Force and Motion lab; Figure 3)

to test their hypotheses about the effect of force on a stationary

object. In this lab, students could apply force and see how the

forces balance, how the resultant force keeps an object stationary

or makes it move. The quantitative value and direction of the force

were visible for students. While working with the labs, students

could record their observed data in a data recording table

(Figure 4). The aspects of information that should be recorded

were specified in the first column of this table, to give examples of

what data to record. After the data collection process, students

were asked to write down their conclusion about whether to

accept or reject their hypothesis in an input box presented right

after the data recording table. In the Investigation 2 phase, stu-

dents were asked to write a hypothesis about the effect of force on

a moving object and to use the Motion lab (Figure 5) to test their

hypothesis. This phase used almost the same structure as the Inves-

tigation 1 phase. Because specifying the aspects of information that

should be recorded might limit students' freedom in recording obser-

vations that were relevant to various hypotheses, the first column of

the table was left open for the students in the Investigation 2 phase.

F IGURE 3 Screenshot of the Net Force lab in the Investigation 1 phase

F IGURE 4 Screenshot of the data recording table in the Investigation 1 phase
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The last phase was the Reflection phase, where the students

reflected on what they had learned about the relationship between

force and motion. The conclusions written by the students at the end

of the Investigation phases were (automatically) shown to them. Based

on their findings from the previous phases, students were asked to

draw their final conclusion about the relationship between force and

motion. Prompts were also provided to motivate students to conclude

in a direction that was in line with Newton's first law of motion.

The ultimate goal for supporting hypothesis generation is to facili-

tate the whole inquiry process. However, hypothesis generation is not

the only challenging process for students in inquiry learning. Hence,

apart from the hypothesis support, some supports for the other inquiry

processes were also added in the ILS to guide students through the

whole inquiry process, such as the data recording table in Investigation

1 phase and the prompts in the Reflection phase. One thing that should

be noted here is that there could be an interaction effect between the

hypothesis support and the other forms of support.

2.3.3 | Knowledge tests

Different tests were used to assess students' different kinds of knowl-

edge, including their prior knowledge about the inquiry process, their

prior knowledge of the general domain (force and motion) and their

knowledge about the specific topic (Newton's first law of motion) cov-

ered in the learning environment. In the subsequent part, these three

tests will be introduced one by one.

Inquiry process knowledge test

In order to check students' prior knowledge about the inquiry pro-

cess, a paper and pencil test was used (see Appendix S2). This test

included eight multiple-choice questions (four options), which were

adapted from the Scientific Inquiry Literacy Test (ScInqLiT) by

Wenning (2007). The test was checked by a physics teacher to

make sure all of the questions were understandable for the stu-

dents. One point could be earned for each question. The reliability

of these eight questions was .25 (Cronbach's alpha).

General domain knowledge test

In order to check students' prior knowledge of the general domain of

force and motion, a paper and pencil test was used (see Appendix S2).

General domain knowledge refers to a general level of domain knowledge

that is related to the learning topic to be learned but does not address

the learning topic per se. To be more specific, in this general domain

knowledge test, nine multiple-choice questions (four options each) about

force and motion, but not specifically about Newton's first law of motion

(the learning topic in this study), were included to check students' general

domain-related prior knowledge. These nine questions were chosen and

adapted from the Force Concept Inventory test originally designed by

Hestenes, Wells, and Swackhamer (1992) and a knowledge test on force

and motion retrieved from https://www.warwicksd.org/files/uploads/

website/teacherweb/facultyfiles/alambert/Forces_and_Motion_Practice_

Test.pdf. The questions chosen from the Force Concept Inventory were

adapted into four-option questions, rather than the original five-option

format. Several pictures were added in the test to illustrate the questions.

Each item asked about a topic in force and motion, including gravity, fric-

tion, air resistance, action and reaction force, free-fall motion, uniform

motion, relative motion, inertia and projectile motion. The reliability of

these nine questions was .52 (Cronbach's alpha).

Specific domain knowledge test

To answer the first research question about whether providing stu-

dents with a partial hypothesis can facilitate their knowledge acquisi-

tion and to check students' prior knowledge of the specific domain

to be learned in the ILS, a specific domain knowledge test was

designed. This knowledge test was also a paper and pencil test,

F IGURE 5 Screenshot of the Motion lab in the Investigation 2 phase
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which contained 14 multiple-choice questions with four options for

each question (see Appendix S3). Both conceptual recall questions

(4 items, e.g., A ____is the sum of all of the forces acting on an object.

A. balanced force; B. activated force; C. resultant force; D. direction

of motion) and application questions (10 items, see Figure 6 for an

example) were covered in this test. The content of this test was also

checked and commented on by the physics teacher. Modifications

were made to make sure the questions were on the topic as well as

understandable for students. This test was administered right before

and after the intervention as a pre-test and post-test. The items on

these two versions of the test were the same, but the orders of

questions and options were changed. One point could be earned for

each question. The reliability of the 14 questions was examined with

Cronbach's alpha. The reliability results for the pre-test and the

post-test were 0.07 and 0.60, respectively. Specially, students' per-

formance on these three tests mentioned above was used to detect

whether these three different types of prior knowledge impact the

effect of the given hypothesis supports.

The reliability of the three knowledge tests mentioned above was

questionable, and the reliability of the specific domain knowledge pre-

test was even extremely low. One reason that might account for this

was that the tests did not measure one construct, but several sub-

constructs within a general construct. For instance, the eight items in the

test on knowledge of the inquiry process should all measure students'

knowledge of the inquiry process. But inquiry process knowledge is a

general construct that includes different sub-constructs, such as generat-

ing hypotheses, designing experiments, drawing conclusions and so forth.

The eight items in this case actually test different sub-constructs of the

same general construct, which might be the reason for the low

interrelatedness of the items. Another reason might be that a small num-

ber of items were used in each test. The number of test items can affect

the value of Cronbach's alpha (Tavakol & Dennick, 2011). Because of the

limited time allowed for the whole experiment, only a small number of

items were included in each of the tests. Although quite low, the reliabil-

ity, to some extent, matched the practical situation in this study.

2.4 | Coding and scoring

To answer the first and second research questions on whether provid-

ing students with a partial hypothesis can facilitate their hypothesis

generation and subsequent inquiry processes (data collection, drawing

conclusions and final reflection), a coding scheme (see Appendix S4)

was designed to transform qualitative data on student behavior in the

ILS into quantitative data. This scheme mainly covered the coding and

scoring rules for four learning processes: hypothesis generation, data

collection, drawing conclusions and final reflection.

2.4.1 | Coding for hypothesis generation

Testability

Four coding items were used to score the testability. Based on the

topic of Newton's first law of motion, as well as a tentative coding of

one-third of the hypotheses, a list of possible variables and relevant

conditions was developed. In the first half of a hypothesis, if a student

mentioned one of the variables on the list, one point was assigned for

the valid independent variable; if an observable or measurable

F IGURE 6 Example of the application
questions on the specific domain
knowledge test (correct answers are
shown in bold)
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condition of the variable was stated, another point was given for the

valid condition of the independent variable. In the second half of the

hypothesis, if a student mentioned one of the variables on the list and

this variable was not the same as the independent variable, one point

was allocated for the valid dependent variable; if an observable or

measurable condition of the dependent variable was stated, another

point was given for the valid condition of the dependent variable. For

example, a hypothesis from the T condition could be: If the left force is

larger than the right force, then the object moves to the left. In this case,

the independent variables are the left force and the right force. The

condition of the independent variables is that the left force is larger

than the right force. One point will be assigned for the valid indepen-

dent variables and another point will be assigned for the valid condi-

tion. The dependent variable is the motion of the object. One point

will be assigned for this valid-dependent variable. Besides, since the

hypothesis indicates the object's direction of motion, another point

will be given for the valid outcome condition. In particular, the compa-

rability of the score coded from the generated hypotheses between

conditions was also taken into consideration. Because the first half of

the hypothesis was already given for the students in the T + PHy con-

dition, the score on testability coded from the second half of the

hypothesis was additionally compared between conditions.

Complexity

Two coding items were used to score the complexity of hypotheses. One

item was about variable selection, concerning whether a relationship

between force and motion was stated in the hypothesis rather than focus-

ing only on either force or motion. Consider, for instance, Hypothesis 1: If

the left force is the same as the right force, then the sum of forces is 0; and

Hypothesis 2: If the left force is the same as the right force, then the object

will stay stationary. In Hypothesis 1, both the independent and dependent

variables are about force, while in Hypothesis 2, the independent variables

are about force, and the dependent variable is about motion. The variable

selection in Hypothesis 2 will be regarded as more complex than that in

Hypothesis 1. Hypothesis 2 and Hypothesis 1 will be assigned with one

and zero point, respectively, for the variable selection. The second item

was about the condition of the variable, concerning whether the hypothe-

sis focused on a more generalised condition of force (balanced/unbal-

anced condition). Consider, for instance, Hypothesis 1: If the left force is

larger than the right force, then the object will move to the left; and Hypothe-

sis 2: If the left force and the right force are unbalanced, then the object will

move in the direction of the larger force. The second hypothesis states a

more generalised condition of the variables, which covers more specific

situations. In this case, one point will be given to Hypothesis 2.

2.4.2 | Coding for data collection

Students' data recorded in the data recording table were coded for

three aspects. The main idea was to code whether the student actu-

ally recorded the data needed to test his or her hypothesis. One

aspect was whether the condition of the independent variable men-

tioned in the hypothesis was recorded (e.g. the condition of the force);

another aspect was whether the outcome condition of the dependent

variable was recorded (e.g. the outcome state of motion of the object);

the last aspect concerned an important pre-condition that determines

the correctness of the conclusion – the initial state of motion (station-

ary or moving) of the object. Each aspect accounted for one point. For

instance, if the hypothesis is: If the left force is larger than the right

force, then a stationary object will move to the left. If a student recorded

the amount of force towards the left and right sides, and the left force

is larger than the right force, then the student received one point. If

the direction of motion of the object was recorded, the student got

another point. In addition, if the student mentioned that object was

initially stationary, then another point was awarded.

2.4.3 | Coding for drawing conclusions

Students' conclusions were mainly coded for two aspects. One was

whether a student's conclusion was to accept a correct hypothesis or to

reject an incorrect hypothesis. Another was whether the student's con-

clusion could be inferred from the data he or she recorded. This second

aspect was added to take a closer look at whether the student drew a

data-based conclusion. A student could earn one point for each aspect.

2.4.4 | Coding for final reflection

The reflection was coded based on the student's final conclusion

about the effect of force on motion in the Reflection phase. Two cod-

ing aspects were included, in line with the two main conclusions of

Newton's first law of motion: force can change motion and motion

can be maintained by force. The students received one point if they

generally mentioned each aspect. And the students could get two

points if the condition in which force can change motion or in which

motion can be maintained by force was correctly mentioned.

A second rater was trained to code the quality of students' inquiry

process based on the coding scheme and coded the inquiry process of

12 students (23%). The interrater reliability coefficients for coding the

inquiry process in terms of hypothesis generation in the Investigation

1 phase reached .91 and in the Investigation 2 phase reached 1.00

(Cohen's kappa). The interrater reliability coefficient for coding the

data collection in the Investigation 1 phase reached .72 (Cohen's

kappa) and in the Investigation 2 phase reached .75 (Cohen's kappa).

The interrater reliability coefficient was .71 and .88 (Cohen's kappa),

respectively, for drawing conclusions in the Investigation 1 and Inves-

tigation 2 phases. And the interrater reliability for coding the final

reflection in the Reflection phase was .81 (Cohen's kappa).

2.5 | Procedure

This study was conducted over three sessions on separate days. All of

the participants followed the same sequence in the procedure (see

Figure 7). The first session started with a brief introduction to the
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study, after which students were allowed 15 min to complete the

knowledge of the inquiry process test and the general domain knowl-

edge test. After the test, a short presentation took place to introduce

some general operational skills for working with the ILS and guide stu-

dents in logging into the introductory ILS. This introductory ILS had

similar phases and hypothesis supports as the main ILS, but it was

about another topic: electricity. Students were expected to get used

to the main phases of inquiry learning as well as to practice their oper-

ational skills by exploring the learning environment in the remainder

of this session. Students worked on their own computer, and they

were informed that they were free to ask questions if they came

across any technical problems and that they should complete working

in the ILS individually.

During the second session, students were first given 10 min to com-

plete the specific domain knowledge pre-test. Then they were allowed

to log into the main ILS about force and motion. During this session, only

the first three phases (Orientation, Preparation and Investigation 1) were

visible for students. They were informed that they should go through the

information carefully and complete the tasks in each phase one by one.

In this session, they were allowed to ask questions about operational

issues, but not about the learning domain.

In the last session, all five phases were visible for the students.

They were first asked to take 5 min to look back at what they had

done in the previous main ILS phases. Then they were allowed to start

from where they had stopped last time and finish all of the phases in

this session. The last 10 min were left for the specific domain knowl-

edge post-test.

The physics teachers were present in the classroom to control the

discipline of the classroom during all sessions. They were informed not to

answer any questions about the learning domain or the inquiry task dur-

ing the experiment. The experimenter was in charge of guiding the whole

procedure and answering students' questions about technical issues.

3 | RESULTS

3.1 | Impact of condition on knowledge acquisition

Table 1 summarises the descriptive statistics for the main tests in this

study. The normality of students' scores on the specific domain

knowledge pre-test and post-test was checked. The results of the

Shapiro–Wilk test were non-significant for both tests (D[52] = 0.96,

p = .08 and D[52] = 0.97, p = .13, respectively), indicating that the nor-

mality of scores on these two tests was confirmed. Therefore, para-

metric tests were used to analyse the results of the pre-test and

post-test.

Students' post-test score significantly increased from the pre-test

in both the T + PHy condition (t[29]= −6.21, p < .001, r = .76) and the

T condition (t[23]= −2.44, p = .02, r = .46), indicating that students in

both conditions acquired domain knowledge from the ILS. The SD of

the post-test score also increased compared to that of the pre-test

score (see Table 1), which means that the heterogeneity among stu-

dents in specific domain knowledge level increased after the interven-

tion. This finding suggests that the provided support did not benefit

students equally; it impacted students' knowledge acquisition differ-

ently for different students.

To examine whether condition influenced knowledge acquisition,

an analysis of covariance (ANCOVA) with the post-test score as the

dependent variable and the specific domain knowledge pre-test score,

the score on knowledge of the inquiry process and the score on gen-

eral domain knowledge as the covariates was performed. Students'

specific domain knowledge (t[50]= −1.12, p = .27), knowledge about

the inquiry process (t[50]= 0.41, p = .69) and their general domain

knowledge (t[50]= −0.95, p = .35) were roughly the same between

conditions, which showed that the assumption on the independence

of the covariates was met. No significant interaction between condi-

tions and specific domain knowledge (F[1, 48] = 0.49, p = .49), knowl-

edge about the inquiry process (F[1, 48] = 3.26, p = .08) and general

domain knowledge (F[1, 48] = 0.65, p = .42), respectively, were found,

indicating that the assumption about the homogeneity of regression

slopes was met. The ANCOVA results revealed that there was a sig-

nificant effect of different support conditions on students' post-test

score after controlling for the effect of specific topic knowledge,

knowledge about the inquiry process and general domain knowledge

(F[1, 47] = 6.45, p = .01, partial η2 = 0.12). Planned contrasts revealed

that having the partial hypothesis significantly increased students'

mean post-test score compared to having only the terms (t[47] = 2.54,

p = .01, r = .35). These results indicated that providing students with

T + PHy compared to only terms facilitated students' acquisition of

specific domain knowledge, with a medium effect size.

F IGURE 7 An overview of the experimental procedure
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3.2 | Impact of condition on the inquiry process

The quality of students' inquiry processes was also compared

between conditions. Table 2 shows the descriptive statistics for stu-

dents' scores coded from their hypothesis generation, data collection

and drawing of a conclusion. Specially, to take a closer look at stu-

dents' hypothesis generation performance, as well as to make the

coded score on hypothesis generation comparable between condi-

tions, the testability and complexity of the full hypothesis and the

score coded only from the second half hypothesis are both shown in

Table 2. Because these scores were not normally distributed, Mann–

Whitney tests were used to evaluate the differences in these pro-

cesses between conditions.

It can be seen in Table 2 that the students did not differ much on

their mean scores for the inquiry process between conditions. In

terms of hypothesis generation, the results of Mann–Whitney tests

revealed that students in the T + PHy group scored significantly

higher on the complexity of the full hypothesis than students in the T

group (U = 222.00, z = −2.42, p = .02), but non-significant differences

were found on the testability of the second half of the hypothesis

(U = 307.00, z = −0.82, p = .41) and the full hypothesis (U = 307.00,

z = −0.82, p = .41). With regard to data collection (U = 296.00,

z = −0.81, p = .42) and drawing conclusions (U = 305.50, z = −0.64,

p = .53), no significant differences were found.

Since few students (6 out of 20) from School 1 managed to com-

plete the inquiry process in Investigation 2, and nobody wrote the

final reflection in the Reflection phase, students' inquiry process in

the Investigation 2 phase and their final reflection were analysed sep-

arately for School 2. Table 3 shows the means and SD of students'

scores for the main inquiry process in the Investigation 2 phase. There

was a trend that students in the T + PHy condition performed better

on all of the listed process variables. Besides, students in the T + PHy

condition earned all the points on hypothesis generation. The statisti-

cal results showed significant differences between conditions on the

complexity of the full hypothesis (U = 8.5, z = −5.17, p < .001) and

data collection (U = 63.50, z = −2.55, p = .01). No significant

differences were found on the testability of the second half of the

hypothesis (U = 110.50, z = −1.53, p = .13) and the full hypothesis

(U = 110.50, z = −1.53, p = .13), on drawing conclusions (U = 87.50,

z = −1.75, p = .08), and on the final reflection (U = 100.00,

z = −1.08, p = .28).

In addition, since we assumed that hypotheses can be important

references and guidance for the subsequent inquiry processes, the

moderating effect of students' score for hypothesis generation on the

relationship between conditions of support and students' scores for

data collection and drawing conclusions were also examined. Since it

was the probable cause and effect relationship conveyed by a full

hypothesis that may guide the data collection and drawing conclu-

sions processes, students' score coded from the full hypothesis (sum

of score on testability and complexity) was examined as the modera-

tor variable.

Linear regression based on the data from the Investigation 1 phase

showed a significant interaction effect of condition and hypothesis

generation on students' data collection score (β = 2.39, SE = 0.27,

t = 3.01, p = .00), but a non-significant interaction effect on students'

score for drawing conclusions (β = 1.28, SE = 0.26, t = 1.42, p = .16).

These results indicated that there was a significant moderation by

hypothesis generation of the effect of condition on students' data

collection.

The same method was used on the data from the Investigation

2 phase, which yielded a non-significant interaction effect of condi-

tion and hypothesis generation on students' data collection (β = −.21,

SE = 0.06, t = −1.31, p = .20) and drawing conclusions (β = .09,

SE = 0.18, t = 0.38, p = .71).

3.3 | Impact of prior knowledge

To check whether students' prior knowledge influenced the effect

of the different versions of hypothesis support, the moderating

effect of the three types of prior knowledge (knowledge about the

inquiry process, general domain knowledge and specific domain

TABLE 1 Means and SD for knowledge test scores

Condition

T (n = 23) T + PHy (n = 29)

Data source
Maximum
score M (SD) M (SD)

Inquiry process

knowledge test

8 4.70 (1.43) 4.86 (1.51)

General domain

knowledge test

9 5.22 (1.70) 4.72 (1.96)

Specific domain

knowledge test

(pre-test)

14 6.17 (1.70) 5.69 (1.42)

Specific domain

knowledge test

(post-test)

14 7.22 (2.04) 8.34 (2.53)

TABLE 2 Descriptive statistics for students' coded scores for
each inquiry process in the Investigation 1 phase

Condition

T (n = 23) T + PHy (n = 29)

Main variables
Maximum
score M (SD) M (SD)

Hypothesis generation 1

Testability (second half

of hypothesis)

2 1.83 (0.58) 1.72 (0.65)

Testability (full

hypothesis)

4 3.83 (0.58) 3.72 (0.65)

Complexity (full

hypothesis)

2 1.22 (0.42) 1.55 (0.51)

Data collection 1 3 2.30 (0.97) 2.48 (0.87)

Drawing conclusions 1 2 1.43 (0.84) 1.59 (0.73)
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knowledge) on the strength of the relationship between the pre-

dictor variable (condition) and the dependent variables (specific

domain knowledge post-test score and total score for the inquiry

process) were examined. Table 4 shows the descriptive statistics

for students' total score for the inquiry process in each Investiga-

tion phase, which was the sum of students' scores for the com-

plexity and testability of hypotheses, data collection and drawing

conclusions.

Table 5 presents the correlations (Pearson correlation) bet-

ween the different test results. The correlational results indicate

that students' knowledge about the inquiry process and their

specific domain knowledge before the intervention significantly

correlated with students' specific domain knowledge after the

intervention; there was no significant correlation between general

domain knowledge before the intervention and specific domain

knowledge at post-test.

The results of a simple linear regression between conditions and

the specific domain knowledge post-test score indicated that condition

was not a significant predictor of the post-test score (β = −.24,

SE = 0.65, t = −1.74, p = .09). When adding students' knowledge

about the inquiry process as a second predictor, and the interaction

between condition and knowledge about the inquiry process as the

third predictor, the interaction variable was also a non-significant

predictor of the post-test score (β = −1.01, SE = 0.42, t = −1.81,

p = .08). Similar results were found for students' general domain

knowledge (β = .47, SE = 0.36, t = 0.81, p = .42) and specific domain

knowledge (β = −.48, SE = 0.39, t = −0.70, p = .49). There was also

no moderating effect on the relationship between condition and

students' post-test score.

The same tests were used to check prior knowledge as a moderator

of the relationship between condition and students' total score for the

inquiry process in each Investigation phase. No significant moderating

effect of students' knowledge about the inquiry process (β = −.45,

SE = 0.39, t = −0.76, p = .45), general domain knowledge (β = .83, SE =

0.31, t = 1.45, p = .15) and specific domain knowledge (β = .25, SE = 0.39,

t = 0.32, p = .75) was found on the relationship between condition and

students' inquiry process scores in the Investigation 1 phase. The results

for the Investigation 2 phase were also non-significant (β = −1.16,

SE = 0.55, t = −1.58, p = .13; β = .63, SE = 0.34, t = 1.02, p = .32; β = .76,

SE = 0.47, t = 0.86, p = .40, respectively).

4 | DISCUSSION

The present study investigated whether providing students with a

partial hypothesis is an effective way of promoting their knowledge

acquisition, the quality of their hypotheses and their performance on

other subsequent inquiry processes, over and above providing them

with a set of terms in the hypothesis scratchpad. The impact of three

types of prior knowledge on the effect of the given partial hypothesis

on knowledge acquisition and the inquiry process were also examined.

The participants either received as support a set of terms representing

the three main elements (variables, conditions and relations) that

could be used to write hypotheses (T), or received an identical set of

terms plus the start of a partial sentence stating a hypothesis

(T + PHy). We assumed that students who worked with T + PHy

would outperform students who worked only with T on knowledge

acquisition, hypothesis generation, data collection, drawing conclusion

and final reflection.

Although the reliability of the knowledge tests is worth further

consideration, differences regarding knowledge acquisition were

found between conditions as expected, suggesting that providing stu-

dents with partial hypotheses indeed fostered students' knowledge

TABLE 3 Descriptive statistics for the coded scores for each
inquiry process in the Investigation 2 phase and the final reflection in
the reflection phase, for students from School 2

Condition

T (n = 15) T + PHy (n = 17)

Main variables
Maximum
score M (SD) M (SD)

Hypothesis generation 2

Testability (second half

of hypothesis)

2 1.80 (0.56) 2.00 (0.00)

Testability (full

hypothesis)

4 3.67 (0.90) 4.00 (0.00)

Complexity (full

hypothesis)

2 1.00 (0.38) 2.00 (0.00)

Data collection 2 3 1.27 (0.70) 2.06 (0.90)

Drawing conclusions 2 2 0.27 (0.46) 0.88 (0.99)

Final reflection 4 1.33 (1.45) 1.94 (1.52)

TABLE 4 Descriptive statistics for students' total score for the
inquiry process in the Investigation 1 and Investigation 2 phases

Condition

T T + PHy
M (SD) M (SD)

Main variables Maximum score (n = 23) (n = 29)

Inquiry process 1 11 8.78 (2.26) 9.34 (1.93)

Inquiry process 2 11 (n = 15) (n = 17)

6.20 (1.74) 8.94 (1.68)

TABLE 5 Correlations between the knowledge test scores
(Pearson correlation)

Variables 1 2 3 4

1. Knowledge about the inquiry process 1

2. General domain knowledge .18 1

3. Specific domain knowledge (pre-test) .03 .17 1

4. Specific domain knowledge (post-test) .34* .26 .36** 1

Note: N = 52 for all knowledge tests.

*p < .05; **p < .01.
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acquisition. This is in line with the previous findings that providing

partial supports can facilitate students' learning performance (Chang

et al., 2001; Mulder et al., 2016). One possible explanation may be

that the presented partial hypothesis potentially directed students'

attention to more important and more productive parts of the learning

task, which may have deepened students' understanding of the

domain. This suggestion is supported by the difference found

between conditions on the quality of hypotheses.

To be more specific, a difference was found in the complexity but

not in the testability of the hypothesis between conditions. In the T con-

dition, students could write down their first tentative ideas about force

and motion as their hypothesis, which can be quite simple and testable.

This can be inferred from the fact that almost half of the students wrote

very simple, similar hypotheses, such as, ‘If the left force is larger than

the right force, the stationary object will move to the left’, which was

probably too easy as a starting point for the inquiry process. In contrast,

in the T + PHy condition, students first needed to make sense of the

condition provided for the independent variable in the first partial

hypothesis, and then predict a possible outcome condition of a relevant

dependent variable in the domain, which can be more challenging but

also more meaningful than writing a hypothesis from scratch. In this

study, the provided partial hypothesis in both Investigation phases speci-

fied a balanced state of forces, forcing students to consider the state of

motion of an object when the applied forces are all balanced. A com-

pleted hypothesis example from the T + PHy condition was ‘If the resul-

tant force on a stationary object is 0, then the stationary object remains

stationary’. Hence, it is not surprising that students differed on the com-

plexity but not on the testability of hypotheses. These findings may also

account for why providing partial hypotheses assists students to have

better knowledge acquisition. With the help of the partial hypothesis,

students were likely to start their learning from a more meaningful point,

thus promoting their knowledge acquisition. In this study, students were

allowed limited chances to write hypotheses, which may have hindered

them from exploring the specific domain more thoroughly. In future

research, if we offer more partial hypotheses for students to complete,

we can also fade the hypothesis support and detect the transfer effect

of the given support.

The hypothesis that providing students with a partial hypothesis can

further facilitate students' subsequent inquiry processes was partially

supported by the results. Only the score on data collection in the Investi-

gation 2 phase was found to differ significantly between conditions. In

the Investigation 1 phase, no significant differences were found. An

explanation could be that the data recording table provided in the Inves-

tigation 1 phase compensated for the missing support in the T condition.

In the Investigation 1 phase, prompts were provided in the first column

of the data recording table to offer an example of what data to record. In

the Investigation 2 phase, though, students were asked to decide what

to record in a blank data recording table, having seen the examples in

the table from the Investigation 1 phase. Students' data collection perfor-

mance differed between conditions when there was a blank data record-

ing table, but not with the guided data recording table, suggesting that

the inquiry direction offered by the given partial hypothesis can offer

guidance on what to record for data collection. It should be noted that

since only a few students from School 1 finished the Investigation

2 phase, the analysis of the inquiry process in Investigation 2 phase was

based on the participants from School 2 only. Further research with a

larger sample size should be implemented to examine the generalisability

of the conclusion.

The impact of prior knowledge on the effect of the experimental

conditions was also checked, but no significant moderating effect of

any of the three types of prior knowledge (knowledge about the

inquiry process, general domain knowledge and specific domain

knowledge) was found.

Regarding students' knowledge about the inquiry process, a

potential explanation is that the extra process supports in the ILS

might narrow the effect of prior knowledge of the inquiry process

between conditions. Apart from the hypothesis support, students

were also provided with prompts before working with the data

recording table to guide students to record their data and before

responding to the conclusion input box to guide them to write their

conclusions. The extra support in the current study might have com-

pensated for students' inadequate knowledge about inquiry, especially

those with lower knowledge, which might to some extent attenuate

the effect of the level of knowledge about the inquiry process

assessed at the very beginning.

As for general domain knowledge, one explanation might be that

the general domain knowledge tested in the knowledge test was not

the very important knowledge needed for students to make sense of

the specific domain in this study. The fundamental goal of inquiry

learning is that students need to develop knowledge of an unfamiliar

task or domain (Lazonder, Wilhelm, & van Lieburg, 2009). Students

can construct scientific conceptions if the new domain first makes

sense to the students, and then encourages students to question their

own conceptions and build their own perspectives. Hence, it was

assumed that students with less general domain knowledge about

force and motion (such as gravity, friction, free fall motion) might be

struggling more with the specific domain that concerning the relation-

ship between force and motion, so there is more chance that they

might benefit from the direction offered by the given partial hypothe-

sis. Yet, the results indicate that this was not the case. The measured

general domain knowledge might not be the prerequisite knowledge

that would influence students' need for extra hypothesis support. In

the future, it may be helpful to specify and reliably assess the type or

level of prior knowledge that can facilitate students' inquiry learning.

Concerning students' specific domain knowledge, the domain

knowledge provided in the ILS might account for the nonsignificant

results. The development of domain knowledge and scientific reason-

ing skills requires students to have at least a basic understanding of

the inquiry domain (Lanzonder, Hagemans, & de Jong, 2010). Hence,

in the Orientation phase of the ILS, students were provided with some

domain-specific knowledge, aiming to prepare students with some

background information to understand the question to be inquired

about. Yet, students' specific domain knowledge was tested before

students started to work in the main ILS. There is a chance that stu-

dents' prior knowledge level changed after the Orientation phase,

which would not be reflected in the pre-test used in the present
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study. In future research, more attention should be paid to the poten-

tial influence of the given domain knowledge provided in the ILS on

the level of prior knowledge being tested.

To sum up, with the support of the given half-hypotheses, students

can generate more complex hypotheses, perform better in data collec-

tion and acquire more specific domain knowledge. The present study

helps to advance educational design science one step further and offers

a concrete suggestion on how to support students' hypothesis genera-

tion. Apart from this, this study successfully applied the completion

strategy promoted by prior researchers in a new situation, which also

contributes to testing the generalisability of this support strategy.
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