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ABSTRACT 5 
The chemistry laboratory can be a daunting place for first year university students, especially those 

entering one for the first time with little or no prior laboratory experience. Increasing financial 

constraints placed on secondary schools has restricted the ability to provide rich laboratory 

experiences for students before entering tertiary education. As a result, first year chemistry cohorts 

arrive at university with a range of previous laboratory experiences. Through surveys of a first-year 10 

student cohort it was identified that students experienced high levels of negative feelings with respect 

to the laboratory. In an attempt to alleviate this, a 360° virtual laboratory tour, including annotations, 

was developed giving students virtual access to the actual laboratory they would be working in prior to 

the start of the laboratory classes. In this technology report, we discuss the development of the 360o 

virtual laboratory tour over a three-semester period. After each version of the resource we conducted 15 

an evaluation via survey distribution to determine if it helped with student familiarity and preparation 

for the upcoming laboratory program. 
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INTRODUCTION  
 25 

Chemistry is an expensive discipline for universities to facilitate. This is mainly due to the 

laboratory component, which is a major part of most undergraduate chemistry degrees. High schools 

also have to burden the cost of a laboratory program if the school wants to include it in the 

curriculum. Previous research in high school chemistry teaching reveals that the expenses of 

laboratory consumables are barriers to including hands-on activities in the curriculum.1-3 Therefore, 30 

as universities endeavour to provide more opportunities of enrolments to students from diverse 

backgrounds, a first year chemistry unit coordinator cannot be confident about students’ levels of 

familiarity with the laboratory environment. 
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We present the development of a novel 360o online laboratory tour for a first year chemistry 

student, which includes navigation tools and the ability for images, videos and information points to 35 

be annotated and interactive. A 360o tour is a simulation of a real location, which uses 360o 

panoramas, videos, text, and narrations. The virtual tour allows viewers to explore a location without 

actually having to go there. Moreover, the 360o panoramas allow the viewer to look in any direction.4 

The main aim of this resource was to provide a safe, virtual experience for 1st year students, 

irrespective of their high school chemistry background. This will aid in their familiarisation with the 40 

university laboratory setting and their preparation for the first-year laboratory classes. 

 To maximize the learning opportunities of the chemistry laboratory, students are presented with 

information about the laboratory in advance, in the form of pre-laboratory activities.5-6 Technology has 

advanced to such a stage that online videos and quizzes are now being used as the pre-laboratory 

activity for students to do in their own time before the laboratory session. 7-8 Moreover, there are 45 

increasing trends in the literature that the use of interactive online videos or animations is a 

favourable means for students to engage in the subject matter. 9-10 

Pre-laboratory activities have been demonstrated to increase student confidence and/or reduce 

students’ anxiety about the laboratory class. This has been evident in a number of types of pre-

laboratory activities including online activities, videos and virtual experiences.11-14 Previous 50 

investigations from our laboratory, and others, have found that students in the first year of 

undergraduate chemistry courses experience significant anxiety, worry and feelings of being 

overwhelmed by the laboratory component of chemistry units.15-17 This anxiety could result from a 

number of causes including chemophobia (fear of chemicals)16, fear of the subject, or result from being 

unfamiliar with instruments or the laboratory setting.18 The 360° lab tour was developed to alleviate 55 

some of this anxiety by helping students familiarize themselves with the laboratory environment prior 

to their first laboratory session, to aid in preparation, and enhance the first year student experience. 

Three versions of the 360o laboratory tour were developed over a three-semester period, with students 

providing feedback in the form of an online survey at each iteration. This technology report will first 

describe the development and key features of the 360o tour before presenting the results of each 60 

survey we conducted, which helped to shape the tour’s evolution. 
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Development of the 360° lab tour 
 

The 360° lab tour tool was prepared using the Panatour Pro software by Kolor for image processing 65 

and building the virtual tour. Photos were taken using a Ricoh Theta S camera, connecting to a mobile 

device via Wi-Fi to allow the photographer to be ‘out of sight’ during the photography. The camera 

tripod was covered with a Nadir patch in all images (See Electronic Supporting Information, ESI, 

Figure S1). Each 360° image was processed by firstly determining the initial view of the image. Points 

of interest were decided with information points and flashing hotspots used to navigate the tour 70 

(Figure 1A). When students hover their mouse cursor over an information point it causes text to 

appear (Figure 1B). 

 

Figure 1 Screen shots taken of the 360° tour. A) in the laboratory B) the laboratory technicians’ hatch, C) the corridor outside the 1st year 
chemistry laboratories and D) the ground floor atrium of the building where students enter the chemistry building. 75 
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During the development of the tour and based on written feedback from students, some additional 

features were added for subsequent versions. For example, initially an audio clip was used to 

introduce the 360o lab tour and welcome the students. The audio clip was uploaded to the Learning 

Management System (LMS) above the link to the tour. However, students did not use the audio clip. 80 

One student commented, “I didn't realise there was an audio section to the 360 lab until I read this 

survey. Make the audio section more obvious.” Therefore, a video of the laboratory coordinator was 

filmed, edited and embedded on the white board in the laboratory to facilitate as the introduction and 

welcome (Figure 1A). Figure 1B introduces the laboratory technicians for the first-year units and 

provides information on what roles they play in supporting the students and their laboratory 85 

experience. Figure 1C shows the corridor outside the laboratory, which allowed the inclusion of other 

relevant information outside the laboratory such as notice boards, assignment boxes and safety 

showers located outside the laboratory.  

Students also complained that the movement was very sensitive to the mouse movements. Some of the 

student’s comments included, “The controller to look around was a bit too sensitive/hard to control” and 90 

“The image was very sensitive on a mac and so kept spinning around.” A navigation bar (Figure 1C) and 

a toolbar (Figure 1D) to enable movement around the photo without the use of the mouse were 

introduced. Figure 1D shows the entrance view and where students begin the 360° lab tour in the final 

version of the tour. Students are able to navigate to the laboratory by clicking on the flashing hotspots 

or using the navigation toolbar. 95 

There were a number of student comments that highlighted the need to see the different types of 

chemistry equipment. One comment suggested, “More labels for the location of different equipment and 

chemicals specifically related to steps in the upcoming experimental” while another made the 

observation, “Maybe show where a few more pieces of equipment are that are staple to experiments and 

some info on the different taps because people where confused on which to use.” To respond to this 100 

feedback we expanded the tour by allowing students to navigate to the drawers and click on flashing 

hotspot to reveal a picture of an opened drawer containing standard chemistry equipment (ESI, Figure 

S2).  
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Information points revealed the names of pieces of equipment to the students. We developed four 

different tours for the four different level 1 units because each unit uses different standard equipment. 105 

A section in the Electronic Supporting Information (ESI) describes the four different units that are 

offered in level 1 at the University of Western Australia (UWA). Further details of the improvements 

made to the 360° lab tour in each version can be found in the ESI. A link to the final version of the 

360o tour can be found here: (https://tinyurl.com/ybqpm3em). 

The 360° lab tour was introduced to students through an announcement on the LMS. It was important 110 

to announce that this resource existed as it was found that students would remain unaware of 

unannounced resources on the LMS. The tour was released to students in the week prior to their first 

laboratory class and remained active on the LMS for the remainder of the semester.  

 

Student use of the 360° laboratory tour 115 

The content usage statistics reports were obtained from the LMS. These usage reports logged the 

number of times students within the unit accessed the tour by clicking on the link (Table 1).  

Unit Code Semester/Year Number of enrolled 

students 

Number of times tour 

accessed 

CHEM1001 Semester 2/2017 70 1534 

CHEM1002 Semester 2/2017 147 2298 

CHEM1004 Semester 2/2017 379 7722 

CHEM1001 Semester 2/2018 189 1520 

CHEM1002 Semester 2/2018 75 761 

CHEM1004 Semester 2/2018 372 6027 

Table 1 Number of enrolled students and number of times students accessed the tour from the LMS site in each unit in semester 2 in 2017 
and 2018. 
 120 

 

We are able to provide the usage reports for two semesters, semester 2 2017 and semester 2 2018. The 

students in semester 2 2018 used the same resource as developed in semester 1 2018. Students 

accessed the tour on more than one occasion with some students accessing the tour up to 10-15 times 
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a month. The usage reports could not provide data on the length of time students spent in the tour, 125 

however, due to the high numbers of clicks, students were engaging in the tour multiple times. 

 

The evaluation survey was provided via Qualtrics to the students approximately 3 weeks into 

semester, and sought to determine the utility of the tour for students. Ethics approval was granted by 

the university’s human ethics office (reference RA/4/1/8993). Students were informed that by 130 

submitting the survey they agreed to participate in the research project, which was completely 

voluntary and had no impact on their grades.  Short interviews (5-minute maximum) of the students 

in semester 2 2017 were conducted towards the end of the semester. The survey and interview 

protocol used for evaluation of the 360° lab tour is provided in the ESI. The results of the survey and 

quotes from the written feedback and interviews are presented in the next section. 135 

RESULTS AND DISCUSSION 

  
Student surveys were used to assess the utility of the 360° lab tour and to investigate how well the 

tour helped to prepare and familiarize students for their first-year laboratory classes. Approximately 

20% of the students involved in this study during semester one 2017 stated that they had “no 140 

previous chemistry experience” and nearly all of the remainder stated they had completed chemistry in 

upper secondary school but not studied in a chemistry laboratory at UWA (Figure 2.) 

 

Figure 2 Students’ responses to how they would qualify their previous chemistry experience 
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 145 
In the second cohort of semester 2, 2017 no students indicated they had ‘no previous chemistry 

experience’ and a large percentage of this cohort had previously studied at UWA in the first semester.  

Students were asked if they used the 360° lab tour (Figure 3A), and if they listened or watched the 

embedded introductory file (Figure 3B). Less than 5 percent of each cohort indicated that they ‘did not 

use the 360° lab tour’ with a high percentage, approximately 75% across all cohorts indicating they 150 

‘virtually visited the lab and surroundings’ (Figure 3A). Furthermore, the percentage of students that 

listened or watched the introductory audio/video link within the 360° lab tour steadily increased 

(Figure 3B) to greater than 50% for the final version of the 360° lab tour. This was further evidence, 

which highlighted the need to embed the welcome as a video in the tour rather than an audio file that 

was accessible outside of the tour. 155 

 

Figure 3 Students’ responses when asked A) if they used the 360° lab tour and B) if they used the embedded audio file (semester 1, 2017) or 
the embedded video file (semester 2 2017 and semester 1 2018) in the 360° lab tour.     
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The high degree of engagement with the 360° lab tour and that many students explored many 160 

parts of the tour was interesting considering that other virtual reality laboratory-based familiarization 

exercises demonstrated poor utility by users. This was attributed to the resource not being assessed.18 

However, there was no assessment associated with our tour. The high level of engagement could be 

attributed to the authentic experience that a 360o tour using real images provides to the students. 

This is highlighted by student feedback. Students found very useful the ability to ‘find’ the location of 165 

the labs as well as explore within the laboratories. One student stated: “As a first year student, it was 

good to be able to virtually visit my lab class before the actual lab, so I knew where everything was so I 

didn't have to stress during the actual assessed lab.” With another stating: “The notes (information 

points) on everything were absolutely helpful. Being able to view the lab beforehand eased my 

nervousness and prepared me for the situation of my first lab.” The embedded video was prepared in a 170 

conversational style to follow the principles of personalisation and voice as proposed by Mayer.19 The 

personalisation principle is further enhanced when videos have been made in the setting students will 

later use compared to animations of the space. This is a good example of the modality principle.11, 20  

One of the major developments between versions of the tour was the expansion into the 

surrounding areas around the laboratory. We wanted to assess how much of the tour the students 175 

explored. Students were asked to indicate all the statements that applied to them (for example one 

student could select multiple areas of the tour they explored). The student responses for semester 2, 

2017 (Figure 4A) and semester 1, 2018 (Figure 4B) indicate that students were prepared to navigate 

the full tour without much prompting necessary.  
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 180 

Figure 4 Students’ responses when asked about how much of the 360° lab tour they explored for A) semester 2, 2017 starting in the 
laboratory (total number of responses = 72) and B) semester 1, 2018 starting at the ground floor atrium (total number of responses = 298).  

 

Version 3 of the tour, which was developed for semester 1 2018, started from the ground floor of 

the building and students had to navigate up the stairs to find the laboratory. Figure 4B shows that 185 

most students navigated the full tour and even “opened” the drawer to view the equipment. 

Qualitatively student responses further validated the change in starting position of the 360° lab tour. 

One student commented: “It actually helped me find where my lab was because it showed me the area 

outside of the lab and helped me feel less stressed as I was able to have a look at what to expect 

beforehand.” With another student remarking: “The 360 degree image and the ability to leave the lab to 190 

see the technicians and what was around the lab was very helpful in helping me find my bearings and 
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getting an idea of where everything is relative to each other, which I found was a big help when I finally 

entered the lab.”  

 

In designing the 360° lab tour we felt it important to make the tour accessible and functional on 195 

mobile platforms as much as desktop/laptop devices due to the high use of mobile devices by the 

students. We asked what device did students use to view the 360° lab tour. The overwhelming majority 

used a desktop or laptop to explore the 360° lab tour (Figure 5A). For students that used two devices 

there was again a larger majority of students preferring the desktop/laptop for viewing the 360° lab 

tour compared to a mobile device (Figure 5B). There could be two reasons for this. Firstly, the software 200 

used to develop the tour had an unfortunate function, which meant that for mobile devices the 

information point text was always visible. This could have been very distracting for the student. 

Secondly, and more importantly, the current LMS has very limited function on mobile devices. 

Therefore, students use their desktops and laptops to access the LMS of each unit to study. The link 

to the 360° lab tour was located in the LMS for each unit and provided an easy pathway to accessing 205 

the resource. 
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Figure 5 Student responses by percentage when asked, A) which device they used to explore the 360° lab tour and B) if they used two 
devices, which was their preference. 

 210 

 

 The overarching aim of introducing the 360° lab tour was to increase laboratory familiarity and 

aid in the student’s preparation for their first laboratory classes. Results show that a large percentage 

of students agreed that the 360° lab tour enhanced their familiarity with the 1st year laboratory setting 

(Figure 6A). With regards to preparation, again a large percentage of all three student cohorts felt they 215 

were better prepared for the first laboratory classes of their units after exploring the laboratories 

virtually with the 360° lab tour (Figure 6B). Compared with the responses in previous semesters, the 

final version of the tour in semester 1 2018 acquired more ‘strongly agree’ responses to both 

familiarity and preparation. Student feedback supported these findings with one student stating: 
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“When everyone comes into the lab room it’s hard to get you(r) bearings and really look and know where 220 

things are so it was nice to be able to do so beforehand so I knew where things were in the room and 

was slightly more prepared during the really busy lab.” Similarly another student commented: “It was 

really helpful to be able to familiarize myself with the lab environment.” 

 

 225 
 
Figure 6 Students’ responses when asked if the 360° lab tour helped in their A) familiarisation of the 1st year laboratory setting and B) 
preparation for their first laboratory sessions for the unit. 

  

CONCLUSIONS  230 

The 360° lab tour was designed over three semesters to improve and enhance its usability and 

effectiveness for students. The final iteration considerably improved student perceived familiarity with 
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the first-year laboratory setting and student preparation for their first laboratory classes in the tertiary 

setting. An added advantage of the 360° lab tour presented here is that it requires simple and easy to 

use technology and software of which a novice can operate. A tour can be produced in a matter of 235 

days.  We propose the use of 360° images and tour software have great application in improving 

familiarity for students of not only laboratory settings in chemistry but a broad range of settings 

students encounter in order to improve the first-year university student experience. 
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