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Out-of-school laboratories, also called student labs, are an advantageous opportunity to teach biological subjects. Particularly in the case of complex fields such as neurobiology, student labs offer the opportunity to learn about difficult topics in a practical way. Due to numerous advantages, digital student labs are becoming increasingly popular nowadays. In this study, we investigated the effect of an electrophysiological setup for a virtual experiment with and without hands-on elements on participant motivation and technology acceptance. For this purpose, 235 students were questioned during a student laboratory day. The surveyed students showed high motivation and technology acceptance for the virtual experiment. In the comparison, the electrophysiological setup with hands-on elements performs better in the intrinsic components than the setup without hands-on elements: Thus, the hands-on approach is rated as more interesting and the perceived enjoyment scores higher. Nevertheless, both experimental groups show high values, so that the results of the study support the positive influence of digital laboratory as well as a positive influence of hands-on elements.
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INTRODUCTION

Neurobiology has become an integral part of biology curricula, both in middle and high school (Gage, 2019). However, students still encounter problems in understanding neuroscience topics. Even university students have problems understanding abstract concepts such as the emergence of the resting potential (Manalis and Hastings, 1974; Barry, 1990). However, more recent studies also reveal existing misconceptions, for example, regarding membrane potential (Silverthorn, 2002) or synaptic transmission (Montagna et al., 2010). There are diverse explanations for the problems. One of the reasons for the misconceptions could be that students often memorize facts about neurobiology without understanding the underlying concepts (Krontiris-Litowitz, 2003). Griff (2018) believes the problems include a lack of basic understanding of physical and chemical principles.


Teaching Neuroscience

It is widely known that more active approaches can improve understanding of a topic (Michael, 2006). Experimental approaches in neurobiology have shown that problems of understanding can be addressed (Marzullo and Gage, 2012; Shannon et al., 2014). Thereby, the exact type of practical work is less important (Lewis, 2014). But active approaches are often impossible to implement in schools due to limited resources (Dagda et al., 2013), and participation in hands-on laboratory work on the topic is often not possible (Albarracín et al., 2016). Schools lack simple, compelling, and inexpensive tools with which to conduct neurobiology topics, such as electrophysiological measurements (Marzullo and Gage, 2012).

To address the problem that neurophysiological processes are often not visible and difficult to understand, there is a whole range of teaching approaches and methods. For example, structural models for a better illustration of the neurobiological structures (Krontiris-Litowitz, 2003; Keen-Rhinehart et al., 2009) or functional models in which bioelectric potentials can be traced with simplified replicas of neurons (Dabrowski et al., 2013; Shlyonsky, 2013) can be used. However, visualization of non-visible processes through analogies (Procopio, 1994; Milanick, 2009; Griff, 2018), explanatory models (Wright, 2004; Cardozo, 2016), or even role-playing (Carvalho, 2011; Holloway, 2013) are also part of the repertoire of neurobiological teaching approaches. Direct access to authentic neuroscience research methods can be provided by electrophysiological experiments and preparations (e.g., Le Guennec et al., 2002; Dagda et al., 2013; Shannon et al., 2014). However, conducting experiments in electrophysiology is extremely challenging and costly (Diwakar et al., 2014; Lewis, 2014).



Computer-Based Teaching Approaches

To address this problem, the use of neurosimulations in biology classes offers a number of advantages and teaching possibilities, especially in comparison to the practical application of research methods. One of the main arguments for neurosimulations is better resource availability (Chinn and Malhotra, 2002; Hofstein and Lunetta, 2004). While laboratory equipment for electrophysiological experiments costs thousands of dollars (Diwakar et al., 2014), virtual experiments often only require computers and thus no special equipment or rooms (Grisham, 2009). Another reason for conducting neurobiology experiments virtually is the increasing concern for animal welfare (e.g., Dewhurst, 2006; Knight, 2007; Kaisarevic et al., 2017).

In addition, computer-based approaches can be designed specifically to contribute to a better understanding of the topic (Meuth et al., 2005; Ma and Nickerson, 2006; de Jong et al., 2013; Lewis, 2014). Virtual experiments can be seen as an effective tool to help learners understand the basic concepts of neurophysiology (Bish and Schleidt, 2008; Stuart, 2009) and often provide learning outcomes that are comparable to or exceed those of traditional laboratories (e.g., Dewhurst, 2006; Knight, 2007; Sheorey and Gupta, 2011; Brinson, 2015; Quiroga and Choate, 2019). Over the years, various neurosimulations have therefore been developed with different emphases and special features (e.g., Barry, 1990; Schwab et al., 1995; Braun, 2003; Crisp, 2012; Wang et al., 2018). Nevertheless, it is often argued that learners do not practice using certain tools with mouse clicks and thus important experimental or technical skills cannot be learned (Braun, 2003; Lewis, 2014). Research on combining virtual setups with hands-on elements in student labs currently proves to have significant gaps. In addition, the approaches described are primarily designed for higher education, so that a teaching concept and its effectiveness for the school sector are in particular need of research. Two factors that are of particular importance in this context are the motivation for the experiments, as a predictor of learning success, and the technology acceptance to determine whether the setup used is the appropriate tool. Estriegana et al. (2019) explain that innovative learning technologies offer opportunities to improve learners’ understanding. However, these expectations are only true if learners are interested in using the technology. The best tool fails if it does not capture learners’ interest or motivate them to use it. Therefore, it is necessary to understand learners’ potential acceptance or rejection and determine the influencing factors. This was investigated using two test constructs (motivation and technology acceptance).



Motivation

According to the classical definition, motivation means being moved to do something (Ryan and Deci, 2000). Motivation is a central concept to explain behavior and the duration and intensity of engagement with something (Schiefele and Schaffner, 2015). It is considered one of the foundations for willingness to learn (Krapp, 2003; Pintrich, 2003). A distinction is often made between intrinsic and extrinsic motivation. The extrinsic motivation on the one hand leads to an activity of a person because it is perceived as serving to achieve valued outcomes. Intrinsic motivation, on the other hand, leads to an activity for no apparent reinforcement other than the performance of the activity itself, making it purpose and reward (Ryan and Deci, 2000). According to the person-object theory, the quality of intrinsic motivation is one of the main reasons for performing an interest-related action (Krapp, 2007). Accordingly, motivation plays an important role in addressing the deficits in learners’ neurobiological knowledge and skills. Empirical studies support the assumption that performing practical activities increases motivation (Dohn et al., 2016). According to the model of Betz (2018), a motivational effect can result from the perception of scientific authenticity.



Technology Acceptance

Due to the growing dependence on computer-based systems and the increase of new technologies, user acceptance of technologies still has a high relevance today. Acceptance is important for the motivational and action-oriented components, which in turn influence how intensively an object is engaged with (Müller-Böling and Müller, 1986). A number of models have been developed to examine how individuals adopt new technologies, with the prevalent ones being the Technology Acceptance Model (TAM; Taherdoost, 2018). The TAM was developed by Davis (1985) to examine the reasons why new technologies are adopted or rejected. The theoretical basis of the model is based on the social psychological theory of reasoned action, which describes a model for predicting behavior that is related to attitude (Ajzen and Fishbein, 1980). Various explanatory factors are used to explain user acceptance in the TAM (Davis, 1989; Davis et al., 1989). The two core components for predicting acceptance are Perceived Usefulness (PU) and Perceived Ease of Use (PEOU). PU is the degree to which a person believes that using a particular system is improving their work performance, and PEOU is the degree to which a person believes that using a particular system is free of physical and mental effort and strain (e.g., Davis, 1989; Venkatesh and Bala, 2008). While PU and PEOU can be seen more as extrinsic influencing factors, other work inserts Perceived Enjoyment (PE) as an intrinsic explanatory component in the model (Davis et al., 1992; Yi and Hwang, 2003; Lee et al., 2005). Accordingly, PE is the degree to which an activity using a technology is perceived as enjoyable or pleasurable to itself (Davis et al., 1992).



Research Question and Purpose

The TAM is frequently used in educational contexts for research purposes (Granić and Marangunić, 2019), such as in the e-learning field (Šumak et al., 2011). In the school context, a special need for research emerges due to the increasing involvement of technologies - however, in the review by Granić and Marangunić (2019), only 4% of studies in the educational context show an investigation of technology acceptance among students. Many studies on neurosimulations can demonstrate the acceptance for computer-based experiments by learners (e.g., Braun, 2003; Demir, 2006; Newman and Newman, 2013).

The two main research questions of this study are: Do students show acceptance and motivation towards a neurosimulation and can additional hands-on elements increase this effect? In this context, the structure of the two measurement instruments used will also be examined.




MATERIALS AND METHODS

The study was carried out as part of the neuroscience student lab at the Goethe University Frankfurt am Main. The lab is an extracurricular school laboratory in which school classes can experience neurobiological topics in a practical way. The topics of the lab days are designed to fit the school curricula. For this study, a student lab day was conducted on the topic of electrophysiology, with a focus on the functional properties of neurons. To investigate the impact of supplementary hands-on elements when conducting the virtual experiments, two different setups were created: A computer-based neurosimulation (NS) and the same neurosimulation but with supplementary hands-on elements (NS-HO).


Neurosimulation

For the laboratory day, the ganglion of the medicinal leech (Hirudo medicinalis) was used as the model nervous system. The electrophysiological measurements used were authentic recordings previously conducted and recorded by scientists, what distinguishes our neurosimulation from most others. For the monitoring and execution of the experiments, a neurosimulation was developed that was adapted to the needs of the students and had a simple and easy to understand navigation menu (Figure 1). The students controlled the experiments independently using a graphical user interface (GUI): They activate a microelectrode and select the neuron by mouse click on a picture of the ganglion. During the laboratory day, the students applied different agonists. Depending on the selected neuron and the experiment protocol, the measurement data of the respective experiment were imported from a database and dynamically displayed.


[image: image]

FIGURE 1. The graphical user interface (GUI) of the neurosimulation to control the experiments and display the measurement traces. The GUI includes: (A) a toolbar to zoom in the measurement trace, (B) buttons to control the experiments and applications, (C) a photo of the leech ganglion where the model neuron can be selected after activating the microelectrode button (crosshair), (D) a main measurement window that displays the membrane potential of the measurement traces live; in this example, the application of kainate (E) a second measurement window that allows to see the complete measurement.




Neurosimulation With Hands-On Elements

The difference in operation compared to the NS is that in the NS-HO the insertion of the electrode into the ganglion is not done by mouse click in the GUI, but with a quasi-real measurement setup (hands-on elements, Figure 2). To implement the research method as authentically as possible for the students, the hands-on elements were based on a real electrophysiological measurement setup, including a binocular for viewing a virtual ganglion preparation and a micromanipulator for controlling the position of the electrode. The virtual preparation was a picture of the leech ganglion, placed on a circuit board. Four pairs of contacts on the board represented different types of neurons found in the leech ganglion. The student used the electrode to make contact with the neuron on the board (Figure 3). To import the measurement from database, the circuit board and the electrode were connected to a computer via an Input/Output board.


[image: image]

FIGURE 2. Structure of (A) the Neurosimulation (NS) and (B) the Neurosimulation with Hands-On Elements (NS-HO). The developed neurosimulation was run on the computer. Using a binocular and micromanipulator with fixed microelectrode, the students were able to insert the electrode into the preparation and observe the dynamic results on the laptop (C).
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FIGURE 3. Virtual preparation (picture of the leech ganglion on circuit board) on microscope slide with attached microelectrode.




Procedure of the Laboratory Day

The lab day of this study focused on electrophysiology. During the lab day, the students became familiar with research and methods in neurobiology, learned about important morphological and functional properties of nerve cells, and performed electrophysiological measurements themselves. The course day began with a thematic introductory presentation. In this presentation, important basics such as the resting potential, the generation of an action potential, and the transmission and forwarding of action potentials were recalled. The leech as an experimental organism was also presented. Following the introduction, participants were randomly divided into two groups. Group one performed the neurosimulation (NS) only with a computer and the installed user interface, while group two performed the neurosimulation with the supplementary hands-on elements (NS-HO). After performing the simulations, the lab day was evaluated using a paper-pencil survey.



Participants

In this study, 235 high school students (63.4% female, 36.6% male), who visited the student lab with their teachers, were surveyed. The majority of the sample (85.1%) had chosen biology as an advanced course in school and participants were between 17 and 20 years old. Prior to the survey, all participants, and additionally their parents in the case of minors, were informed in writing about the purpose of the study, the voluntary nature of participation and the anonymity of responses. Before participating in the study, the students had to give their written consent. For underage study participants, parental consent was also obtained. Classes received a reduced participation fee for taking the survey. If individuals did not participate in the survey, all students still received the reduced fee. The survey took place between August 2017 and February 2018. A total of 160 individuals participated in the NS, and 75 individuals participated in the NS-HO group.



Measuring Instruments

The Lab Motivation Scale (LMS) was used to survey motivation for the electrophysiological experiments of the lab day, and components of the Technology Acceptance Model (TAM) were used to evaluate corresponding acceptance.


Lab Motivation Scale

A questionnaire aligned with the LMS was used for the comparative survey on the motivation for simulation with and without hands-on elements. The LMS was developed in 2016 by Dohn et al. (2016) to examine how laboratory work influences motivation regarding topics in physiology among students. The original scale consists of 21 items divided into three components: situational interest (Interest; e.g., “Working with the setup was fun to do”), willingness to engage (Effort; e.g., “I think I did pretty well working with the setup”), and confidence in understanding (Self-Efficacy; e.g., “I feel confident to explain electrophysiological measurements”). The 14 applicable items were adapted to the neurosimulation and in this study rated on a 4-point Likert scale.



Technology Acceptance Model

For the comparative survey on the acceptance a questionnaire aligned with the TAM was developed (Davis, 1989; Davis et al., 1989). From four published papers that conducted a survey using TAM items, the ones applicable to the setup were adopted (Davis et al., 1989; Venkatesh and Bala, 2008; Park, 2009; Diwakar et al., 2014). In addition to the two standard components PU (e.g., “The virtual setup will make it easier to do my studies”) and PEOU (e.g., “I find the virtual setup easy to use”) introduced by Davis in 1989, this study also investigated PE (Liaw and Huang, 2003; Yi and Hwang, 2003; Serenko, 2008; Venkatesh and Bala, 2008) with items such as “I find using the virtual setup to be enjoyable.” The scale used here consists of 18 items rated on a 5-point Likert scale in this study. The detailed scale documentation can be found in the Appendix Table 1.




Analysis

To verify the factor structure of the two instruments used, exploratory factor analyses with varimax rotation were performed. Previously, the sampling adequacy was examined using the Barlett test and the Kaiser-Meyer-Olkin test (KMO). Our sample size was adequate according to the common rule of thumb that at least 10 people per variable should be surveyed (Field, 2009). The examination of the factor structure is particularly important in the case of the LMS because, on the one hand, it is a shortened version of the original scale and, on the other hand, a different age group was surveyed than in the original study by Dohn et al. (2016). Cronbach’s alpha was calculated for each factor to evaluate reliability and internal consistency. Normal distribution was tested using the Kolmogorov-Smirnov test. Because the Kolmogorov-Smirnov test showed a significant result for all data (p < 0.05), a normal distribution cannot be assumed. Therefore, to examine the difference of the TAM and the LMS between the NS and NS-HO groups, the Mann-Whitney U test was used. For significant results the effect size r was calculated using the formula [image: image] (Fritz et al., 2012).




RESULTS

For the 14 items of the LMS, the Barlett test (p < 0.001) and the KMO (KMO = 0.885) confirmed the applicability of a factor analysis. The factor analysis of the LMS items showed a three factor solution. The three factors together explained 64.82% of the variance. The factor distribution of the items is consistent with the theoretical assumptions and item distribution of Dohn et al. (2016). The items loaded on their respective components with factor loadings above 0.5 and the Cronbach α values were above 0.7 and thus in the good to very good range (Table 1). The comparison between the NS and the NS-HO showed no significant difference between the groups for the Effort (p = 0.485; MedianNS = 3.5; IQRNS = 1.00; MedianNS–HO = 3.25; IQRNS–HO = 0.75) and Self-Efficacy (p = 0.565; MedianNS = 3.00; IQRNS = 1.00; MedianNS–HO = 3.00; IQRNS–HO = 0.80) components. For the Interest component, a significant difference with a small effect size was observed between the two study setups (p = 0.018; r = 0.16; MedianNS = 3.00; IQRNS = 0.85; MedianNS–HO = 3.20; IQRNS–HO = 0.80; Figure 4). Self-Efficacy had a lower score in both groups (mean = 2.97) with a great variance (IQRNS = 1.00; IQRNS–HO = 0.80). All components of the LMS had medians greater than or equal to 3, which represents a positive evaluation range.


TABLE 1. Results of factor analysis with varimax rotation of the 14 items of the Lab Motivation Scale (LMS).
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FIGURE 4. Comparison of the 3 components of Lab Motivation Scale (LMS) between the two test groups. Only significant effects were marked (* p < 0.05). Additional values for the boxplots can be found in the Appendix Table 2.



For the 18 items of the TAM, the Barlett test (p < 0.001) and the KMO (KMO = 0.889) also confirmed the applicability of a factor analysis. The factor analysis of the TAM items shows a division into three factors: PEOU, PU and PE. The three factors together explained 60.84% of the variance. All items used loaded on the appropriate component with factor loadings > 0.6 and the alpha scores of the components are in a good to very good range with α > 0.7, indicating the internal consistency of the scale. The results of the factor analysis and the calculated Cronbach alpha values for the three components are shown in Table 2. The comparison between the NS and NS-OH showed a significant difference between the groups in the component PE with a small effect size (p = 0.003; r = 0.21). No significant difference was found between the groups for PEOU (p = 0.761) and PU (p = 0.092; Figure 5). PEOU showed the highest mean scores compared to the other components of the TAM (MeanNS = 4.21; MeanNS–HO = 4.23). PU always had the highest standard deviation (SDNS = 0.92; SDNS–HO = 0.83).


TABLE 2. Results of factor analysis of the 18 items of Technology Acceptance Model (TAM) with varimax rotation.
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FIGURE 5. Comparison of the 3 components of Technology Acceptance Model (TAM) between the two test groups. Only significant effects were marked (** p < 0.01). Additional values for the boxplots can be found in the Appendix Table 2.




DISCUSSION

It is well documented that there are widespread problems in students’ understanding of neurobiology (Cardozo, 2016). These problems can be addressed with experimental and novel teaching approaches (Marzullo and Gage, 2012; Shannon et al., 2014). For an approach to work, it is important that there is acceptance and motivation toward the tool as a basis for knowledge generation (Müller-Böling and Müller, 1986; Estriegana et al., 2019).

In the conducted study, the lab motivation and acceptance for simulation was measured after the laboratory day. A baseline survey before the laboratory day or the implementation of a control group was not possible in this study. The two instruments used directly ask about technology acceptance and motivation for the simulation performed. Since the students do not know the simulation before the event, they cannot make a statement about the acceptance or motivation for it. The same applies to a possible control group. Therefore, in this and comparable studies (Liu et al., 2010; Diwakar et al., 2014; Kilic et al., 2015) only a post-intervention survey was conducted. Even though this does not allow a before-after comparison, the results can still provide information about how high the technology acceptance and motivation for the simulation is and what influence the hands-on components might have in this context. In future studies, other more general instruments could be used to further assess motivation and technology acceptance, making the use of a control group or baseline analysis possible.


Lab Motivation

Two items of the Self-Efficacy component show cross-loadings on the Interest component that are higher than the common 0.4 threshold. These cross-loadings should not go ignored for future studies. For the analysis in this paper, the items were not excluded from the calculations and assigned to the SE component, because the factor loadings on this component are higher and in line with the results of the original scale by Dohn et al. (2016). The students rated the components Effort and Interest very highly, so that both experimental setups had an overall motivating effect. The motivational and interest-enhancing effect of student experiments is well known (Euler, 2005; Glowinski, 2007). The independent and science-oriented design of the experiments (whether it was NS or NS-HO) may have contributed to the reinforcement of these components. Corter et al. (2011) show in a comparative study of hands-on labs, remote labs, and simulations that working with real data particularly promotes motivation, what is given in our neurosimulation by the authentic measurements from a leech ganglion recorded by scientist.

Depending on the type of setup used, there is a significant difference for the Interest component, with the NS-HO group rating the component higher than the NS group. Students in the NS-HO group felt more “pleasure,” which corresponds to intrinsic motivation. Accordingly, situational interest is fostered by hands-on experience rather than pure simulation. It is assumed that hands-on activities have a positive effect on the development of interest (Bergin, 1999). The higher rating of interest can also be explained by a greater perception of authenticity of the electrophysiological setup elements. Similar findings are described in the work of Engeln (2004), Glowinski (2007), and Pawek (2009), who demonstrate a positive effect of authenticity on interest. A higher rating of the component would have been desirable, but induced sustained motivation can lead to a maintenance of learning activities, which can increase knowledge and skills regarding the content in the long term (Krapp, 2003; Pintrich, 2003).

The difference between the tested groups for the LMS turns out to be smaller than expected, the hands-on elements seem to play only a minor role for motivation and the sole neurosimulation has a motivating effect on the students as well. Holstermann et al. (2010) show for several hands-on activities that they frequently promote interest, but for individual hands-on activities no promoting influence could be proven.



Technology Acceptance

The TAM is a very widely spread tool that is repeatedly used in various studies. While the implementation of new variables to explain technology acceptance is frequently performed in the TAM (Park et al., 2007; Melas et al., 2011; Son et al., 2012; Cheung and Vogel, 2013), group comparisons as in this study are rather rare (Venkatesh and Morris, 2000). The factor analysis performed and alpha values confirm the applicability of the TAM items used in this study.

The high scores for all three components of the TAM in this study indicate that students have high acceptance for the NS, as well as for the NS-HO. Many studies on neurosimulations can demonstrate learner acceptance of computer-based experiments (e.g., Braun, 2003; Demir, 2006; Newman and Newman, 2013). In previous studies, PU and PEOU were often rated in a similar range (Hu et al., 1999; Lee and Kim, 2009; Tao et al., 2009; Pai and Huang, 2011). In this study, it appears that PEOU was rated higher on average, which indicates that the designed user interface of the neurosimulation as well as the handling of the hands-on elements were perceived user-friendly by the students, which is elementary for a successful application. PU, which in this context refers to increased learning success, has large variance, what corresponds to the assessment of the “self-efficacy in terms of learning success” of the LMS.

When comparing NS and NS-HO, PEOU and PU show no significant difference. PEOU and PU have been proven to be influencing factors on the acceptance for learning with technologies (Granić and Marangunić, 2019). The high scores of these components in both test groups indicate that technology acceptance is present. The PE component was scored higher in the NS-HO group than in the NS group. Even though it is a small effect size, it could be assumed that the hands-on elements may have had a particularly positive effect on this component. PE, Perceived Enjoyment, can be seen as an intrinsic influencing component (Davis et al., 1992). Thus, the results of the TAM are consistent with those of the LMS: in both models, the intrinsic component was rated higher by the NS-HO group than by the NS group. Therefore, it can be concluded that the hands-on elements have a positive influence on the intrinsic motivation and is therefore a positive extension to the pure simulation.

Although this study has made an important contribution to the application of a neurosimulation in a school context, there are still research gaps in this area, as a large number of studies regarding these teaching concepts have focused on university students rather than high school students (Barry, 1990; Schwab et al., 1995; Crisp, 2012; Wang et al., 2018). A particularly interesting further approach would be to examine teachers’ technology acceptance in more detail. PU and PEOU show a significant influence on teachers’ intention to use a technology (Scherer et al., 2019). Since teachers are often insecure in teaching neurobiological topics (MacNabb et al., 2006), examining and increasing their technology acceptance would be of particular benefit.




CONCLUSION

To address the difficulties in teaching and understanding electrophysiology, a computer-based neurosimulation was developed to provide students with experimental access to electrophysiological measurements. In order to investigate the potential effect of hands-on experiences, electrophysiological setup elements and a virtual preparation (circuit board) were added to the neurosimulation for some students. Small significant differences between the NS and the NS-HO were found especially in the intrinsic components: The students who worked on the NS-HO rated the simulation as more interesting and enjoyed their work more than the students in the NS group.

Overall, this research confirms a general positive perception of the neurosimulation. The students showed high motivation and technology acceptance for both the NS and the NS-HO, so that the use of neurosimulation on its own can also be considered beneficial. Nevertheless, neurosimulations should not be seen as a replacement of the actual research experiment, but rather represents a unique access opportunity in the context of student education that usually could not be offered to students in school.

We have made the neurosimulation (BrainTrack) freely accessible to all educators and students across the world through the url: https://virtualbrainlab.de.
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APPENDIX


TABLE A1. Technology Acceptance Model (TAM) Items with source and German translation.
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TABLE A2. Mean, median, standard deviation, and interquartile range of the items related to the laboratory motivation scale and the technology acceptance model for the two research groups Neurosimulation (NS) Neurosimulation with Hands-On Elements (NS-HO).
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TAM-Items Factor loading Mean =+ standard

deviation
Perceived Ease of Perceived Perceived
Use (PEOU) Usefulness (PU) Enjoyment (PE)
*| find the virtual setup cumbersome to use. -0.735 4.35+0.75
My interactions with the virtual setup is clear and understandable. 0.710 4.16 £ 0.81
| find the virtual setup easy to use. 0.683 4.34+0.74
*I become confused when | used the virtual setup. -0.658 4.09 +1.01
*Did you experience any problem while performing the experiment? -0.632 3.91+£1.09
Learning how to use the virtual setup is easy for me. 0.604 447 £0.71
Studying through the virtual setup is a wise idea. 0.850 3794098
Overall I would find using the virtual setup to be advantageous in my studies. 0.830 3.43+1.11
The virtual setup will make it easier to do my studies. 0.811 3.62 £ 1.01
Studying through the virtual setup is a good idea. 0.798 3.85+0.98
| would find the virtual setup useful “in school”. 0.797 3.55+1.10
The virtual setup could make it easier to study course content. 0.790 3.60 £ 1.04
The virtual setup would improve my learning performance. 0.632 3.46 £1.02
| find using the virtual setup to be enjoyable. 0.808 3.824 097
| have fun using the virtual setup. 0.781 3.72+1.05
Was the experiment/process motivating enough? 0.755 3.42+1.04
The actual process of using the virtual setup is pleasant. 0.673 3.79 + 0.96
Did you get the feel of a real lab while performing the experiment? 0.630 3.24+1.19

Factor loadings below 0.4 were not displayed. ltems marked with * and printed in italics are inverted. The Cronbach’s alpha for the PEOU component is o = 0.767, for
the PU component o = 0.926 and o = 0.835 for the PE component.
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LMS-Items Factor loading Mean =+ standard deviation

Effort Interest Self-Efficacy
| am satisfied with my performance working with the setup. 0.852 3.30 £ 0.69
| think | was pretty good working with the setup. 0.839 3154+ 067
| think | did pretty well working with the setup. 0.729 3.30 £ 0.65
*Working with the setup was an activity that | couldn’t do very well. -0.660 3.44+£0.78
Working with the setup was fun to do. 0.842 3.06+0.74
Working with the setup was exciting. 0.815 2.99+0.72
| really enjoyed working with the setup very much. 0.795 2.89 +0.71
Working with the setup was interesting. 0.778 326+ 0.70
* thought working with the setup was boring. -0.744 327+ 0.72
| feel confident to tutor another student on the topic. 0.802 2924088
| feel confident to explain electrophysiological measurements. 0.793 2.87 £0.82
| feel confident to pass the final exam in the field of neurobiology. 0.768 2984090
| feel sure that | have learned from the laboratory day. 0.432 0.529 3.33+0.77
After working at the laboratory work, | felt pretty competent. 0.446 0.546 2764078

Items were adjusted for the electrophysiological setup. Factor loadings below 0.4 were not shown. ltems marked with * and printed in italics are inverted. The Cronbach’s
alpha for the Effort component is a = 0.799, for the Interest component a = 0.880 and « = 0.816 for the Self-Efficacy component.
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Effort

Interest

Self-Efficacy

TAM

Perceived Ease of Use
Perceived Usefulness

Perceived Enjoyment

NS NS-HO

Mean Median Standard Inter-quartile Mean Median Standard Inter-quartile
value deviation range value deviation range
3.31 3.50 0.61 1.00 3.29 3.25 0.52 0.75
2.94 3.00 0.66 0.85 3.16 3.20 0.56 0.80
297 3.00 0.77 1.00 297 3.00 0.58 0.80

4.21 4.33 0.56 0.83 4.23 417 0.60 1.00
3.48 3.71 0.92 1.14 3.69 3.86 0.83 1.13
3.34 3.40 0.88 1.20 3.74 3.80 0.74 1.00
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Component

Perceived Ease of Use (PEOU)

Perceived Usefulness (PU)

Perceived Enjoyment (PE)

ltem

*I find the virtual setup cumbersome to
use.

My interactions with the virtual setup is
clear and understandable.

| find the virtual setup easy to use.

*I become confused when | used the
virtual setup.

*Did you experience any problem while
performing the experiment?

Learning how to use the virtual setup is
easy for me.

Studying through the virtual setup is a
wise idea.

Overall, | would find using the virtual
setup to be advantageous in my
studies.

The virtual setup will make it easier to
do my studies.

Studying through the virtual setup is a
good idea.

| would find the virtual setup useful “in
school”.

The virtual setup could make it easier to
study course content.

The virtual setup would improve my
learning performance.

| find using the virtual setup to be
enjoyable.

| have fun using the virtual setup.

Was the experiment/process motivating
enough?

The actual process of using the virtual
setup is pleasant.

Did you get the feel of a real lab while
performing the experiment?

German translation

*lch fand das virtuelle Setup
umsténdlich zu bedienen.

Das Arbeiten mit dem virtuellen Setup
war klar und verstandlich.

Ich fand das virtuelle Setup leicht zu
benutzen.

*Die Nutzung des virtuellen Setups hat
mich verwirrt.

*Ich hatte wéhrend der Durchfiihrung
Probleme mit dem virtuellen Setup.

Es fiel mir leicht zu lernen, wie man das
virtuelle Setup bedient.

Lernen mit dem virtuellen Setup ist eine
sinnvolle Idee.

ch fande es vorteilhaft, das virtuelle
Setup zum Lernen zu benutzen.

Die Verwendung des Setups wiirde das
Lernen fiir die Neurobiologie einfacher
machen.

Lernen mit dem virtuellen Setup ist eine
gute Idee.

ch wiirde das virtuelle Setup in der
Schule nlitzlich finden.

Das virtuelle Setup kénnte es einfacher
machen, Unterrichtsinhalte zu lernen.
Das virtuelle Setup kénnte meine
Lernleistung in der Neurobiologie
verbessern.

ch fand es unterhaltsam, das virtuelle
Setup zu nutzen.

ch hatte SpaB dabei, das virtuelle
Setup zu benutzen.

ch fand das virtuelle Setup motivierend.

Die praktische Nutzung des virtuellen
Setups war ansprechend.

ch hatte das Geflihl, an einem realen
Mess-Setup zu arbeiten.

Sources

Davis, 1989; Venkatesh and Bala,
2008; Park, 2009

Davis, 1989; Venkatesh and Bala,
2008; Diwakar et al., 2014

Davis, 1989; Venkatesh and Bala,
2008; Park, 2009

Davis, 1989

Diwakar et al., 2014

Davis, 1989; Park, 2009

Park, 2009

Diwakar et al., 2014

Diwakar et al., 2014

Park, 2009

Davis, 1989; Venkatesh and Bala, 2008

Davis, 1989; Park, 2009

Davis, 1989; Venkatesh and Bala,
2008; Park, 2009

Venkatesh and Bala, 2008

Venkatesh and Bala, 2008

Diwakar et al., 2014

Venkatesh and Bala, 2008

Diwakar et al., 2014

Italic items with * are inverted. The term “the virtual setup” (in German: "virtuelles Setup”) was used within the items, as this can be used for both the NS and the NSHO

group.
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