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Abstract: This symposium explores multiple perspectives on integrating virtual experiments in 

science education. The papers report on virtual experiments as replacements for physical 

experiments or as supplements to physical experiments at several educational levels (i.e., 

preschool, middle school, and university) and for varied learning objectives. The six papers in 

the symposium analyze ways to design guidance and scaffolding for virtual laboratories; 

illustrate how virtual experiments could supplement physical experiments in a school science 

lesson; and assess how a combination of virtual and physical experiments affects learning. The 

symposium includes an interactive discussion of the implications of virtual experiments for the 

future of science education. 

 

Acquiring knowledge and skills in the subject area of science is essential for full participation in today’s 

knowledge society. The ability to understand and use scientific concepts and methods is a fundamental aim of 

science education (NRC, 2015). Implementing laboratory experiments in science education following inquiry-

based learning scenarios can foster this understanding. To succeed, inquiry learning processes need adequate 

support (Lazonder & Harmsen, 2016). Recently, technological advances have entered classrooms. Digital 

technologies provide new possibilities and perspectives for virtual experimentation and interactive simulations. 

Typical experimentation in physical (hands-on) laboratories can be enhanced by virtual experiments that have 

both practical advantages and unique affordances for learning, e.g., faster manipulation of variables than in 

physical experiments, integration of multiple representations, the possibility to perform accurate measurements 

and the opportunity to make abstract or invisible objects and constructs observable for students. In order to 

effectively use virtual experiments for science learning, it is important to gather a deep understanding of learning 

with experiments, physical and virtual. This symposium provides a comprehensive overview of research on 

science learning with virtual experiments from multiple perspectives. Following the conference theme “Reflecting 

the Past and Embracing the Future”, we consider learning with typical physical experiments as well as learning 

with virtual experiments. We report on high quality studies using qualitative and quantitative data. The six studies 

in this symposium deal with implementation, scaffolding, and combining physical and virtual experiments. They 

show how well-designed learning settings with virtual experiments can improve science education courses in the 

future. 

First, Yvoni Pavlou, Marios Papaevripidou, and Zacharias Zacharia investigate the development of 

conceptual understanding in preschool children before, during, and after learning with either physical or virtual 

manipulatives using semi-structured interviews and combining quantitative and qualitative findings. They found 

no differences in conceptual understanding between students’ learning with physical or virtual manipulatives. 

These results extend research with virtual manipulatives to preschoolers. Second, Sadhana Puntambekar and Dana 

Gnesdilow explore how virtual labs, in comparison to physical labs, support seventh and eighth grade students’ 

ability to apply their knowledge to a real-world scenario and set up a subsequent, more complex physical lab. 
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 They found that students working with virtual labs were better able to apply their knowledge and were also 

successful in setting up the subsequent physical lab. Third, Hasan Ozgur Kapici, Hakan Akcay, and Ece Ebrar 

Koca compare virtual and physical laboratories in the context of written argumentation of pre-service science 

teachers. They found that pre-service science teachers working with virtual or physical laboratories did not differ 

in their writing quality. Fourth, Yoana Omarchevska, Andreas Lachner, and Katharina Scheiter focus on 

supporting university students’ inquiry learning using video modeling examples and monitoring prompts. They 

found that video modeling examples were beneficial for improving participants’ hypothesis and argumentation 

quality and had no additional benefit from prompts. Fifth, Xiulin Kuang, Tessa H. S. Eysink, and Ton de Jong 

investigate how providing secondary school students with adaptive domain information can support their 

hypothesis generation and learning outcomes. Last, Salome Wörner, Jochen Kuhn, and Katharina Scheiter focus 

on how best to combine virtual and physical labs. In their study, seventh grade students worked with virtual and 

physical labs on the same topic in a different sequence, whereas the control group only worked with the physical 

lab. The discussant Marcia C. Linn will identify themes across the presentations and suggest next steps. 

 

Comparing the impact of virtual and physical manipulatives on preschoolers’ 
understanding in the domain of balancing a scale 
Yvoni Pavlou, Marios Papaevripidou, Zacharias Zacharia 

Introduction 

Numerous studies have focused on investigating the impact of experimentation on learners’ conceptual 

understanding (e.g., Zacharia et al., 2012) in various science domains and contexts with the use of Physical and/or 

Virtual Manipulatives (PM and VM respectively). In the context of balancing a scale, two critical variables are 

involved: the mass of the objects placed on the scale and their distance from fulcrum. Understanding the impact 

of the combination of the variables on the balance of a scale can lead to a rule/third defining variable, namely 

torque, which can be used for predicting the behavior of a scale. Children’s performance with such type of activity 

provides insight into their complex thinking and how they combine variables (Pine & Messer, 2003). Despite the 

added value of experimentation, its integration in the learning process has not been investigated to the extent that 

researchers and educators could point to its optimum enactment, especially for early childhood education. 

Consequently, this study investigated whether the use of PM or VM during experimentation affects preschoolers’ 

learning in the domain of balancing scale, by addressing the following research question: How does preschool 

children’s development of understanding in the domain of balancing a scale compare before, during and after their 

exposition to PM and VM experimentation? 

Method 

The participants of this study were 88 preschoolers (age mean = 5,4) who were equally separated into two 

subgroups according to the type of experimentation (PM or VM) they used during a semi-structured interview. 

The interview followed the Predict-Observe-Explain (POE) strategy. The first part of the interview included an 

initial evaluation which was orally administered. The second part involved the experimentation with VM or PM 

and the third part was the oral re-administration of the same assessment items of the first part (final evaluation) 

for both groups. The PM experimentation involved the use of concrete instruments and objects (balance scale and 

weights). VM experimentation involved the same instruments and objects used in the PM condition, but in a 

simulation environment that retained the features and interactions of the subject domain of the study as PM did. 

The only difference between the two conditions was that only the PM condition offered actual, active touch 

sensory input, whereas in the VM condition only visual feedback was available. Data sources involved 

participants’ responses to the clinical interviews. The data were treated both qualitatively and quantitatively. Open 

coding was followed for the qualitative treatment of participants’ responses to identify their ideas. The quantitative 

treatment involved scoring through rubrics the pre- and post-test and participants’ responses during 

experimentation. Non-parametric tests were used for the analyses. 

Results and discussion 

Participants’ most frequent ideas during the three interview phases are summarized in Table 1 and are elaborated 

in the following. Comparisons within the conditions showed statistically significant (p < .05) variations (increase 

or decrease) of the use of an idea during the three phases. The most predominant idea during the initial evaluation 

concerned the mass of the objects (i.e. “the scale tilts towards the side of the heaviest weights”). In the 

experimentation phase there was a statistically significant decrease of the use of the mass-related idea, whereas 

the use of the distance-related idea (i.e. “the scale tilts towards the side in which the weights were placed in a 
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 greater distance from the fulcrum”) increased significantly before and after experimentation. These findings 

indicate an initial understanding of mass as a factor affecting the behavior of a scale and the development of 

understanding of the effect of distance as a result of experimentation. The more complex idea (torque) appeared 

during the experimentation and final evaluation in both conditions but not as frequently, indicating that children 

at this age tabletend to focus on one variable to predict and explain the behavior of the scale. The comparison 

between the conditions revealed that even though both VM and PM were conducive to student learning, no 

statistically significant differences were found learning-wise before, during and after the experimentation (p > 

.05). 

 

Table 1: Percentage of appearance of most frequently used ideas during the three phases of the interview and the 

statistical significance of the comparison of the impact of PM and VM 

 

Main ideas Initial evaluation Experimentation Final evaluation 

PM VM PM VM PM VM 

Mass 60% 47% 22% 42% 48% 39% 

Distance 16% 17% 42% 39% 39% 39% 

Torque 0% 0% 17% 13% 9,5% 7,6% 

 

Overall, the findings of this study designate that preschoolers can develop understanding through experimentation 

for each variable affecting the balance of a scale independently, whereas the understanding of the interaction 

between the variables (torque) is a much more complex process. Also, there was no prevalence of PM or VM on 

students' conceptual understanding in this domain, a finding which indicates that VM could be used as means for 

experimentation under certain conditions even at preschool level as well. 

The effect of physical and virtual labs in supporting middle school students' 
application of science ideas 
Sadhana Puntambekar, Dana Gnesdilow 

Introduction 

Research comparing students' learning from physical versus virtual labs has shown that engaging students in 

virtual labs supports their science conceptual learning as well as or better than physical ones (D'Angelo et al., 

2016). However, few studies have explored if there are any drawbacks from learning from virtual experiments 

when it comes to applying the ideas learned to new situations. Further, few physical versus virtual studies have 

assessed students' learning of practical skills, such as the ability to conduct subsequent physical labs (Brinson, 

2015), so that students can not only learn science ideas “but can also apply them to explain phenomena or solve 

problems” (NRC, 2015, p.20). We explored whether doing a virtual versus a physical lab supported students' 

ability to apply what they learned to a real-world scenario and to set up a subsequent, more complex physical lab. 

Our questions were: 1) Are students who conduct virtual labs able to apply what they learned to explain the science 

behind a novel, real-world scenario as well as students who conduct physical labs? and 2) If students conduct a 

virtual lab, are they able to set up a subsequent, more complex physical lab as well as students who conducted the 

first lab physically? 

Method 

Five hundred and fifty-two seventh and eighth grade students from two different school districts in the midwestern 

United States participated in this study. We randomly assigned each of the participating seven teacher’s in-tact 

classes to the Physical Lab (PL) or Virtual Lab (VL) condition. We used data from a total of 385 students (PL n 

= 180; VL n = 205) for this study. Students participated in a two week-long pulley unit. After taking a pretest, 

students were presented with a pulley challenge and engaged in cycles of inquiry to set up and test pulley systems 

with physical or virtual materials. They took a post-test at the end of the unit. We assessed students' learning of 

science concepts, as well as their ability to apply their knowledge to a new context or set-up a physical lab. First, 

we used a 15-question pulley content test to assess students' understanding of pulleys. We analyzed the test scores 

using an Analysis of Covariance (ANCOVA). Second, we assessed students' ability to apply what they learned 

during a physical or virtual lab to a new context using the real-world scenario application questions, which asked 

students to examine three pictures of a well with different pulley systems and explain which pulley system gave 

the most mechanical advantage. Students’ reasoning was coded based on a rubric of how pulley systems can affect 

mechanical advantage. Students earned one point for including any accurate reason (Cohen’s Kappa of .945 on 
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 20% of data). We then used Chi-Squared tests of homogeneity of proportions to understand if the number of 

students who provided the correct answer on the real-world scenario as well as the types of reasons provided were 

different by condition. Further, to see whether students in the VL or PL condition provided more or less reasoning 

in their answer, we calculated a total explanation score by condition and conducted an Analysis of Variance 

(ANOVA). Finally, we tracked how long it took 133 student groups (PL groups = 66; VL groups = 67) to set up 

a complex pulley system in our physical application task and averaged time data by condition and analyzed it 

using an ANOVA. 

Results and discussion 

We found that students in the VL condition learned more about the physics ideas related to pulleys than students 

in the PL condition with a small effect size (F(1,384) = 4.307, p = .039, η2 = 0.011). We also found that a 

significantly higher proportion of students in the VL condition answered the real-world scenario application 

question correctly (VL 91% vs. PL 80%, z = 8.16, p = 0.004). Further, a significantly higher proportion of students 

in the VL condition provided reasoning about the following: i) the pulley had more mechanical advantage because 

you would need to pull a greater distance, i.e., the force–distance trade off; (VL 7.3% vs. PL 2.2%, z = 5.45, p = 

0.02); ii) stated the correct amount of MA, (VL 5.4% vs. PL .6%, z = 5.84, p = 0.0016) and iii) included more 

reasons to back up their ideas than students in the PL condition (VL mean explanation score(SD) = 0.93(0.2); PL 

explanation score(SD) = 0.64(0.77); F(1,383) = 12.50, p < 0.000). Finally, the average time it took for student 

groups in the PL versus VL condition to set up a more complex pulley in our physical application task showed 

that there were no significant differences between the two groups (PL mean time(SD) = 20.64(8.49) minutes; VL 

mean time(SD) = 20.13(8.62) minutes; F(1,131) = .732, p = 0.732). 

Our findings further establish virtual experiments as effective instructional tools to support learning. In 

line with prior research we found that students who performed a virtual versus physical lab learned significantly 

more science content. However, we also found that conducting virtual labs may also better support students' ability 

to apply their ideas to a new real-world scenario as well as to provide scientifically accurate reasons in their 

explanations, without negatively affecting their ability to set up and conduct a subsequent physical experiment. 

While physical experiments are essential for helping students to truly learn science (Lehrer & Schauble, 2015), 

our findings may give practitioners greater confidence in using virtual simulations as meaningful and effective 

tools to support students' learning and application of scientific knowledge. 

Assessing the written arguments developed in hands-on and virtual 
laboratories 
Hasan Ozgur Kapici, Hakan Akcay, Ece Ebrar Koca 

Introduction 

The goal of the current study is to examine the characteristics of arguments (e.g., quality of claims, questions, 

evidence, and multiple representations) created by pre-service science teachers (PSTs) by using the science 

writing heuristic (SWH) approach in a virtual laboratory and comparing it to the hands-on laboratory. Based on 

the goal, the main research questions for the study were the following: (i) what are the features of PSTs’ written 

arguments based on the experiments in a virtual laboratory?, (ii) what are the features of PSTs’ written arguments 

based on the experiments in a conventional hands-on laboratory?, and (iii) What are the similarities and 

differences between PSTs' written arguments based on the experiments in a conventional hands-on laboratory and 

a virtual laboratory? 

Method 

A quasi-experimental research design was used in this study. Two groups were included in the current study: One 

of them designed and implemented their experiments in the conventional hands-on laboratory and wrote their 

arguments on the paper-based laboratory worksheet; the other group did their investigations through the virtual 

laboratory and used the online learning platform to write their arguments. The study was done with 52 PSTs (40 

female, 12 male; M = 21 years, SD = 1.30) from a public university in Turkey. There were 28 PSTs in the control 

group, where conventional hands-on laboratories were used to design and implement experiments and laboratory 

worksheets were used to write their arguments. In the experimental group, there were 24 PSTs, who used the 

virtual laboratories to design and implement their experiments, and the online platform was used to write their 

arguments. The writing template, developed based on the SWH approach by Choi (2008), was used in the study. 

The template involves five main elements as following: preparation for experimentation, predictions, 

investigation, results, and discussion. First of all, two theoretical approaches (argumentation and writing to learn) 
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 were discussed with the PSTs. After this, PSTs worked in the laboratory environments for his/her group’s assigned 

condition. Each PST designed and implemented his/her own experiments and wrote arguments alone for four 

different experiments, related to solutions, acid and base, electricity, and buoyancy force, respectively. PSTs’ 

writing samples were collected over a period of four weeks. Both of the groups had the same amount of time for 

each experiment (90 min per experiment). The main difference between the two groups was the laboratory 

environment. The same instructor taught both of the groups. An open inquiry-based learning approach was used 

in this study. The main topic was provided to the PSTs and then they followed the sections of SWH approach 

individually. At the end of the study, PSTs writings for four experiments were collected and analyzed based on 

the SWH approach. The PSTs’ science writings were transformed from qualitative data to quantitative data by 

using the rubric developed by Choi (2008). 

Results and Discussion 

The results showed that the features of written arguments created by PSTs from both of the laboratory 

environments were at an intermediate level. The written arguments for both in the hands-on and virtual laboratory 

environments showed that whereas the highest average score was found for the section about claims-evidence 

relationship (3.85/5.00 for the ones in the hands-on lab; 3.89/5.00 for the ones in the virtual lab), the lowest score 

was found for the multimode section (1.86/5.00 for the ones in the hands-on lab; 2.34/5.00 for the ones in the 

virtual lab). Furthermore, PSTs who used the virtual laboratory posed better testable questions (F(1, 207) = 2.391; 

p = .018; d = 0.34), presented strong and valid evidence (F(1, 207) = 2.093; p = .038; d = 0.30), and used multiple 

representations better (F(1, 207) = 3.318; p = .001; d = 0.47) than their counterparts in the hands-on laboratory. 

For posing better testable questions, computer technology or the Internet can be reasons for this result because the 

PSTs in the virtual laboratory had the opportunity to design more complicated experiments. For presenting strong 

and valid evidence, being able to use online scaffolding tools, which enabled PSTs to correlate their findings with 

their questions or claims, can be a source for this outcome. For the multimode representations, indeed, PSTs in 

both of the groups used multiple representations occasionally. Even so, whereas PSTs in virtual laboratory 

environments were able to show data in graphs or tables, PSTs in the hands-on laboratory environments mostly 

focused on writing rather than drawing tables or graphs. All these findings show that an important conclusion of 

the current study is that the SWH approach can be used well in virtual laboratory environments as much as in 

hands-on laboratory environments. 

 

Supporting learning with virtual experiments using video modeling examples 
and monitoring prompts 
Yoana Omarchevska, Andreas Lachner, and Katharina Scheiter 

Introduction 

Scientific reasoning and argumentation are crucial facets of scientific literacy and their development has become 

a fundamental aim of science education. Students often have deficits in scientific reasoning, in particular with 

developing hypotheses and designing experiments to test them. One explanation for these deficits is that scientific 

reasoning and self-regulation are rarely integrated. Guided inquiry learning (using instruction or scaffolds) can be 

more effective than traditional teaching methods for enhancing scientific reasoning. Video modeling examples 

(VME) are effective for teaching scientific reasoning (Kant et al., 2017). We combined VME with prompts to 

activate the prior strategies taught in the VME and to foster monitoring of scientific reasoning activities during 

inquiry. Against this background, we tested the effectiveness of combining support measures which integrate self-

regulation and scientific reasoning. We compared participants’ hypothesis and argumentation quality in two tasks 

between conditions. We hypothesized that 1) students who received VME and monitoring prompts (VMEP) would 

have higher hypothesis and argumentation quality than students who received VME only, and that 2) VMEP and 

VME would outperform students who received no VME and prompts (control). 

Method 

Participants were 127 students from a University in Southern Germany (26 males, M = 24.3 years, SD = 4.81) 

from various study programs. In the videos, a female model explained how to formulate a good hypothesis and 

what is important before collecting data. Then, she conducted several experiments and evaluated the results. We 

used a coping model, which initially made a mistake, but then corrected herself to model metacognitive 

monitoring. We used three virtual experiments from Gizmos: Archimedes’ principle, Photosynthesis, and Energy 

Conversion. In each task, participants were given a research question. They wrote down a hypothesis, collected 

data using the virtual experiments, and wrote down an answer on an experimentation sheet. We created three 
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 monitoring prompts (P), which guided students to specific scientific reasoning activities. In the VMEP condition, 

participants watched the VME and received the prompts (P) during the training task. Then, they solved the transfer 

task. The VME condition had identical procedure, excluding the monitoring prompts. In the control condition 

(unguided inquiry), instead of watching the VME, participants solved the same task as the model using the same 

virtual experiment. Hypothesis quality was measured by its testability and correctness (0-4). Argumentation 

quality was scored based on quality of the claim, evidence, and reasoning (0-6). Two independent raters coded 

the entire dataset containing two hypotheses and two answers for each participant. They discussed all 

disagreements until 100% consensus was reached. Screen captures and think aloud protocols were used during 

participants’ inquiry learning to obtain process data on self-regulation and scientific reasoning. We combined 

findings from two process analyses (epistemic network analysis and process mining) to investigate the processes 

of self-regulation and scientific reasoning in different conditions. 

Results and discussion 

Compared to the control group, VMEP and VME had higher hypothesis quality, F(2, 124) = 3.79, p = .025, η2 = 

.05, and argumentation quality F(2, 124) = 3.43, p = .035, η2 = .06 in the training task. In the transfer task, VMEP 

and VME had higher hypothesis quality, F(2, 124) = 4.71, p = .011, η2 = .07 than the control condition, but the 

three groups did not differ in argumentation quality, F(2, 124) = .60, p > .05, η2 = .01. The two VME conditions 

did not differ, indicating no added benefit of the monitoring prompts. Similarly, on the process level, we found 

significant differences between the two VME conditions and the control condition, but no differences between 

the two experimental conditions. Detailed process results will be presented at the conference. 

The aim of this study was to test the effectiveness of VME and monitoring prompts for enhancing 

hypothesis and argumentation quality. Our results indicate that VME improved hypothesis quality in the training 

and transfer tasks. Watching VME improved argumentation quality in the training task, but this improvement 

could not be replicated in the transfer task. We found no added benefit of the monitoring prompts. On the process 

level, we observed a similar pattern of results - we found differences between the two VME conditions and the 

control condition, but no differences between the VME conditions. Our findings highlight the potential of VME 

for supporting scientific reasoning during inquiry learning. Thus, teachers and educational practitioners can 

benefit from using VME in combination with virtual experiments to teach scientific reasoning. 

Effects of providing adaptive domain information on facilitating hypothesis 
generation in simulation-based inquiry learning 
Xiulin Kuang, Tessa H. S. Eysink, Ton de Jong 

Introduction 

Hypothesis generation is widely regarded as a central process of inquiry learning (de Jong & van Joolingen, 1998; 

Zimmerman, 2007). It triggers students to mindfully consider a problem to be addressed and to consciously 

organize their tentative explanation or solution to the problem into testable statements. The logic expressed in 

testable hypotheses can guide conscious processing in subsequent inquiry processes, such as experiment design, 

data collection, and data interpretation. One principle of inquiry learning is for students to actively develop 

knowledge about a domain that they are relatively unfamiliar with (Lazonder et al., 2009). But how can we 

realistically expect students to generate hypotheses if they are novices of a domain? Noticing what important 

variables to be considered, and what possible relationship can happen between variables requires basic domain 

knowledge, which students may lack. Empirical studies have confirmed that providing domain information to 

students with low prior knowledge can facilitate students’ knowledge acquisition on the domain and encourage 

more hypothesis-driven behavior (Lazonder et al., 2010). Yet in practice, students in the same class may have 

different levels of prior knowledge. The expertise reversal effect, promoted by Kalyuga et al. (2003), argues that 

instructional formats that are effective for learners with low prior knowledge could be ineffective, or even 

deleterious for learners with high prior knowledge. Providing fixed, identical domain information to all the 

students may not end up with the same positive outcome. Information technology makes it possible to 

automatically provide information adaptive to different inputs. The effect of providing adaptive domain 

information based on students’ level of prior knowledge on facilitating their hypothesis generation process is a 

question not addressed by earlier studies. Hence, the present study aims to detect whether providing adaptive 

domain information is an effective way to foster students’ hypothesis generation and knowledge acquisition in 

simulation-based inquiry learning. 

Method 
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 Participants were 153 secondary school students (11-13 years old) from Italy (n = 70) and Romania (n = 83). 

Students from each class of the target schools were randomly assigned to two conditions, either with or without 

the adaptive domain information. Students worked with a sequence of learning phases in a simulation-based 

inquiry learning environment on a physics topic force and motion. These learning phases covered all the major 

inquiry processes, including presenting an inquiry question, hypothesis generation, experiment design, data 

collection, and drawing conclusions. The adaptive domain information was provided after presenting the inquiry 

question and before students write their hypotheses. The domain information was made adaptive by two steps. 

First, a list of both relevant and irrelevant variables on force and motion was shown in a Selection tool. Students 

were asked to select variables that they thought were important to be taken into consideration to answer a given 

question. To identify decent selection, students were also asked to indicate general relations between variables by 

dragging lines between variables. Second, based on students’ variable selections and indicated relations, domain 

information that varies in levels of detail about each variable was automatically shown. The domain information 

is adaptive in the sense that different students may be presented with an introduction of a variable in three different 

levels of detail: a full introduction, a less extensive introduction, or no instruction. As for a full introduction, the 

definition of a variable will be firstly introduced by referring to a common phenomenon of daily life and/or 

showing a picture, and then some practical information or examples about how to measure or how to record the 

variable will be included. The less extensive introduction will only include the latter part of the full introduction. 

No instruction means no further information will be shown to students. Three aspects were taken into account to 

decide which level of domain information to be presented: whether a variable is relevant or not, whether a variable 

is selected or not, and whether possible general relations were correctly indicated or not. Students’ knowledge 

acquisition will be assessed by comparing their score of knowledge tests before and after the inquiry learning task. 

A coding scheme will be designed to code the testability and complexity of students’ hypotheses. 

Results and Discussion 

Data collection is currently taking place. The results and the discussion based on the results will be presented at 

the conference. 

Combining physical and virtual experiments in physics education 
Salome Wörner, Jochen Kuhn, Katharina Scheiter 

Introduction 

The ability to understand and use scientific concepts and methods has become a fundamental aim of science 

education. To improve the understanding of both science content and scientific practices, the use of experiments 

for inquiry-based learning can provide valuable learning opportunities for students. Digital technologies can 

enhance learning from traditional physical (hands-on) experiments (PE). Virtual experiments (VE), for example, 

provide further observation and modelling opportunities while still allowing interactive and self-directed 

experimentation and manipulation of variables. On the other hand, VE lack the hands-on experience and the 

authenticity of the PE. Thus, VE and PE have complementary affordances, which may have unique benefits for 

learning. In line with this reasoning, de Jong et al. (2013) and Kapici et al. (2019) showed that students who learn 

with combinations of PE and VE in most cases outperform students who learn with PE only or VE only. They 

conclude that well-designed combinations of PE and VE allow students to gain a more nuanced understanding of 

scientific phenomena. However, there is little evidence so far on how those ‘well-designed combinations’ should 

ideally look like to maximize the learning outcome during inquiry learning. Therefore, this study provides a first 

step towards addressing this question by investigating whether the sequence of the experiments (VE first or PE 

first) influences the students’ conceptual understanding of the lessons’ topic. Additionally, the combination of the 

experiments was compared with a control group of students who conducted the same experiments, but as PE only. 

Method 

In this study N = 124 students from five seventh grade classes from the highest track of the German school system 

participated. However, due to missing data for some students this number decreases to n = 80 complete data sets 

(pre-test, worksheets, and post-test). The topic of the lesson was converging lenses (physics, geometrical optics) 

and the refraction of light rays through a converging lens which forms an image of the object. In the VE we used 

for this study the following variables can be manipulated using sliders: thickness of the converging lens, height 

of the object, and distance between object and lens. These variables can also be varied in the PE. However, the 

VE is more abstract showing a schematic view of the lens, the object, and the image of the object. Additionally, 

the path of light refracting through the lens and the three construction lines can be observed in the VE. The students 

worked with the VE on iPads. All participants were randomly assigned to one of three conditions within classes 
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 (between-subjects design): (1) PE only (control condition) or (2) sequence VE – PE or (3) sequence PE – VE. 

Before the experimentation phase all participants received an introductory lesson on the converging lens and its 

functions. During the following experimentation phase participants worked together in groups of two to three 

students, guided by a worksheet detailing the tasks that students had to perform. These tasks required the students 

to investigate how the thickness of the lens, the height of the object, and the distance between object and lens 

affect the image resulting from using the converging lens. Each participant completed a test of conceptual 

understanding three times: one week before the intervention (the physics lesson) as a pre-test to measure the prior 

knowledge of the students, one day after the intervention (immediate post-test) and approx. eight weeks after the 

intervention (follow-up-test). Items are constructed in a way that they address well-known misconceptions of 

students. Process data was collected through video and audio recordings of students during the experimentation 

phase as well as recordings of the iPads’ screens during the VE and analysis of the students’ worksheets. 

Results and discussion 

Results and discussion of this study will be presented at the ISLS Annual Meeting 2021. 
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