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Structured Abstract 

BACKGROUND 

Experimental learning, traditionally conducted in on-campus laboratory venues, is the cornerstone of 
science and engineering education. In order to ensure that engineering graduates are exposed to 
‘real-world’ situations and attain the necessary professional skill-sets, as mandated by course 
accreditation bodies such as Engineers Australia, face-to-face laboratory experimentation with real 
equipment has been an integral component of traditional engineering education. The online delivery of 
engineering coursework endeavours to mimic this with remote and simulated laboratory 
experimentation. To satisfy student and accreditation requirements, the common practice has been to 
offer equivalent remote and/or simulated laboratory experiments in lieu of the ones delivered, face-to-
face, on campus. The current implementations of both remote and simulated laboratories tend to be 
specified with a focus on technical characteristics, instead of pedagogical requirements. This work 
attempts to redress this situation by developing a framework for the investigation of the suitability of 
different experimental educational environments to deliver quality teaching and learning. 

PURPOSE 

For the tertiary education sector involved with technical or scientific training, a research framework 
capable of assessing the affordances of laboratory venues is an important aid during the planning, 
designing and evaluating stages of face-to-face and online (or cyber) environments that facilitate 
student experimentation. Providing quality experimental learning venues has been identified as one of 
the distance-education providers’ greatest challenges. 

DESIGN/METHOD 
The investigation draws on the expertise of staff at three Australian universities: Swinburne University 
of Technology (SUT), Curtin University (Curtin) and Queensland University of Technology (QUT). The 
aim was to analyse video recorded data, in order to identify the occurrences of kikan-shido (a 
Japanese term meaning ‘between desks instruction’ and over-the-shoulder learning and teaching 
(OTST/L) events, thereby ascertaining the pedagogical affordances in face-to-face laboratories. 

RESULTS 

These will be disseminated at a Master Class presentation at this conference. 

DISCUSSION 

Kikan-shido occurrences did reflect on the affordances of the venue. Unlike with other data collection 
methods, video recorded data and its analysis is repeatable. Participant bias is minimised or even 
eradicated and researcher bias tempered by enabling re-coding by others. 

CONCLUSIONS 

Framework facilitates the identification of experiential face-to-face learning venue affordances. 
Investigation will continue with on-line venues. 
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Introduction 

The recent growth of the digital economy and the rapid development of internet 
communication technologies have promised improved online education and training (Bell, 
Bush, Nicholson, O'Brien, & Tran, 2002). Furthermore, extra pressures exist on education 
providers to be globally competitive in their tertiary education offerings by improving the 
quality of their internet-based delivery with the incorporation of new technologies. The 
ensuing improvements are particularly targeted to support students in remote communities 
and disabled students anywhere (Lang, 2012). Such steps are seen by many as attempts to 
preserve the institutions’ income levels by evolving “their businesses in new and exciting 
ways” (Davies, 2012). However, technology-driven innovations in education must be founded 
on evidence-based curriculum design. 

Attempts to address the engineering skills shortage in Australia by increasing graduate 
numbers (Back et al., 2012), at the same time dealing with budgeting pressures by academic 
staff cutbacks, have forced the higher education institutions to migrate as many of their 
courses as possible to online platforms. This will, if not already, include courses that involve 
experimental learning in laboratory venues - a typical example of an experiential learning 
environment (Nickerson, Corter, Esche, & Chassapis, 2007). In order to ensure that 
graduates are exposed to ‘real-world’ situations and attain the necessary professional skill-
sets, as mandated by course accreditation bodies such as Engineers Australia 
(http://www.engineersaustralia.org.au) face-to-face laboratory experimentation with real 
equipment has been an integral component of traditional engineering education (Lowe, 
Murray, Li, & Lindsay, 2008; Sarukkalige, Lindsay, & Anwar, 2010). To satisfy accreditation 
requirements, the common practice has been to offer off-campus students equivalent remote 
and/or simulated laboratory experiments in lieu of the ones delivered, on campus, in face-to-
face venues (Nedic, Nafalski, Ozdemir, & Machotka, 2011). The current implementations of 
both remote and simulated laboratories tend to have a focus on technical characteristics, 
instead of pedagogical requirements. The proposed framework attempts to redress this 
situation by facilitating the examination of the affordances of different experimental laboratory 
environments for quality teaching and learning. 

In 2013, the successful submission for an Australian Government Office of Learning and 
Teaching (OLT) Seed Project funded the development and verification of this research 
framework in existing experiential learning environments where students have access to real 
and/or simulated equipment. The research team comprised of staff from three Australian 
universities: Swinburne University of Technology (SUT), Curtin University (Curtin) and 
Queensland University of Technology (QUT); and received in-kind support from The 
Labshare Institute (TLI). Additionally, members of a reference group of eminent education 
researchers from Central Queensland University (CQU), University of Melbourne (UniMelb) 
and University of Sydney (USyd) were available for on-going advice. 

Purpose 

The provision of quality experimental learning venues has been identified as one of the 
greatest challenges for distance-education providers (Arbaugh & Benbunan-Fich, 2005; 
Sivakumar, Robertson, Artimy, & Aslam, 2005). For the tertiary education sector offering 
technical or scientific training, a framework facilitating the identification of venue affordances 
will be valuable during the planning, designing and evaluating stages of both face-to-face 
and online (or cyber) environments where students experiment on real or simulated 
laboratory equipment. 

The term “affordance” is used to describe how an object, or an environment, impacts on the 
actions of its user and is attributed to Gibson (1977). Norman (1990) argued that while 
affordances facilitate use, constraints impede potential uses. Hence, “affordances” must be 
context specific. The framework described in this paper focused only on pedagogical (or 
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learning and teaching) affordances of experimental learning venues for engineering 
undergraduate courses. 

In engineering, as in all sciences, laboratory work targets four broad educational objectives 
(Lang, 2012): 

• conceptual understanding, 

• design skills, 

• social skills, and  

• professional skills. 

Some studies involving small numbers of students have found no significant differences in 
educational outcomes between cyber and face-to-face laboratories (Nickerson et al., 2007; 
Ogot, Elliott, & Glumac, 2003; Sonnenwald, Whitton, & Magloughlin, 2003). While, other 
researchers have identified statistically significant differences in the learning outcomes of 
students who are exposed to different modes of laboratory experimentation that ultimately 
“could change the effectiveness of [their] education” (Nickerson et al., 2007, p.710). It 
appears that none of these studies investigated venue affordances. The authors believe that 
such an investigation may result in identifying the possible causes for the apparently 
conflicting conclusions. 

Furthermore, information on venue affordances will enable multi-campus universities to 
ensure that their students’ experimental learning environments will be of the highest quality, 
particularly in the event that laboratory test rigs are to be shared online. This is a need that 
has been identified for the partnering institutions. SUT and Curtin offer identical 
undergraduate coursework at its domestic and international campuses, while QUT is a multi-
campus state-wide university. Furthermore, institutions that participate in the Open University 
(http://www.openuniversity.edu.au) will be in a position to benchmark their online accredited 
professional courses, which mandate laboratory experimentation, against their on-campus 
delivery of the same content. 

With the availability of new communication technologies the delivery of tertiary education is 
rapidly changing to facilitate the global demand for flexible quality learning. The two 
commonly accepted differences for the delivery of experimental learning have been identified 
as (Nedic et al., 2011): 

• less demonstrator supervision in remote laboratories, and 

• more opportunities for student collaboration in face-to-face venues. 

The ability to delve deeper into these issues by benchmarking the pedagogical affordances 
in existing and future remote engineering laboratories will be beneficial to the tertiary 
education sector. The consequentially acquired data may also be used to fine tune both face-
to-face and cyber facilities, therefore possibly obtaining a vital advantage in the very 
competitive market of online education. 

Method 

The approach reported here is significant because the data collection framework and the 
associated analysis tools have never been applied in this context. 

The underlying methodology is based on the assumption that if: affordances impact on 
activity then activity patterns reflect on a venue’s affordances, hence on the learning 
outcomes of its participants. Some affordances may result in learning outcomes that may not 
be acceptable to engineering course accreditation bodies such as Engineers Australia, even 
resulting in the professional course(s) not being reaccredited and ultimately withdrawn from 
being offered. 

The foundation for the data collection of this framework is the analysis of video data to 
identify the occurrences of “kikan-shido” (a Japanese term meaning ‘between desks 
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instruction’ (Clarke, 2006))events, which are described in Table 1. Furthermore as shown in 
Figure 1 the more familiar “over-the-shoulder learning and teaching (OTST/L)” pedagogy that 
is observed in experiential learning venues is a subset of kikan-shido (Banky, 2007, 2010). 
Though kikan-shido patterns have been used to identify cultural differences in Year 7 and 8 
mathematics classes (Clarke, 2002), their use to investigate experimental venue affordances 
in a tertiary context is clearly innovative. 

 

Figure 1: Concept map of the relationship between kikan-shido activities (as listed in Table 1) 
and over-the-shoulder teaching and learning (OTST/L) pedagogy (Banky, 2010, p. 35) 

 

The processing of the collected data utilised a three-layered interpretive model for media-rich 
research into social interaction, attributed to Wortham and Derry (2006). This model ensures 
a traceable path from the analysed data, through any intervening depiction(s), back to the 
recorded data. Furthermore, a benefit of this technique is an implied link between the various 
data forms and the raw data. Additionally, video recordings of the sessions resulted in 
permanent records that permitted researchers, and/or any other expert(s), and/or interested 
parties to repeatedly review the affordances depicted in the video recordings, facilitating 
easily accessible coding or recoding anytime (Fraenkel & Wallen, 2006). 

The identification of data in the video recordings was undertaken with the aid of Studiocode®, 
a video analysis software that was purchased from Studiocode Business Group 
(http://www.studiocodegroup.com/) that facilitated the annotation of the recorded material as 
described by Clarke (Clarke, 2001). In order to ensure code-recode reliability, Miles and 
Huberman’s (1994) recommendations were adopted to independently code the recordings on 
at least two occasions several days apart. 
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Table 1: Kikan-shido activity definitions (O'Keefe, Xu, & Clarke, 2006, p. 77) 
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The analysis of the video recordings was used to obtain an indication of the relevant venue 
affordances by identifying the kikan-shido activities between: 

• student and equipment; 

• student and student (or peer-to-peer); 

• student and demonstrator. 

The partner institutions provided both the participants and the various data collection venues. 

Results 

Details of the results obtained by applying this framework will be disseminated at a Master 
Class presentation at this conference (AAEE2014 Conference Wellington, New Zealand). 

Discussion 

The data collected from the video recordings were de-identified, in order to ensure that 
participants remained anonymous, and subsequently summarised to show: 

• the time taken for each kikan-shido event, either in seconds or as a percentage of the 
length of each recording; 

• the type of kikan-shido event that occurred during each of the recordings. 

Following the visual inspection of the data the team concluded that a time-based summary 
reflected more on: 

• the type of laboratory experiment, 

• student learning preferences, and/or 

• staff teaching styles. 

However, a summary of the occurrences of kikan-shido events did reflect on the affordances 
of the venue. The identification of student-student, student-demonstrator and student-
equipment kikan-shido events highlighted the venue’s affordances. Events that were not 
identified could indicate: 

• a potential shortfall in venue affordances, and/or 

• there were no requirements for such interactions in the context of the experiential 
learning, and/or 

• the venue did not facilitate such interactions. 

The described framework ensured “repeatability” of both data collection and subsequent 
analysis – a highly desirable feature in case verifications of the analysis were attempted by 
researcher(s), and/or any other expert(s), and/or interested parties. 

Furthermore, the data collected using video recordings were free from of the participants’ 
personal bias and perspective. These are inherently present when using: student/staff 
experience surveys (Bodner, Wade, Watson, & Kamberov, 2013; Corter, Esche, Chassapis, 
Ma, & Nickerson, 2011; Lang, 2012), focus groups (Jarmon, Traphagan, Mayrath, & Trivedi, 
2009), and selected participants’ reflective journals (Jarmon et al., 2009; Lang, 2012). 
Furthermore, data from formal laboratory reports (Lang, 2012), comparative pre- and post-
event testing as well as the statistical analyses of formal assessment results for the learners 
(Nickerson et al., 2007) are even less direct indicators of the participants’ laboratory 
activities, thereby the venue’s affordances. 
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Conclusions 

The implementation of the framework enabled the researchers to analyse video recordings 
for identifiable kikan-shido activities, in order to deduce the affordances of face-to-face 
experiential learning venues. 

The framework evaluation is to continue in a successful seed project proposal (Swinburne 
University of Technology Learning Futures Scholarship Program, 2014) that will investigate 
the affordances of a proposed cyber venue where students will experiment with real 
equipment while being supervised, on line, with the aid of Google glasses. 

References 

Arbaugh, J.B., & Benbunan-Fich, R. (2005). Contextual Factors That Influence ALN Effectiveness. In 
S. R. Hiltz & R. Goldman (Eds.), Learning together online: research on asynchronous learning. 
Mahwah, NJ: Lawrence Erlbaum Associates, Inc. 

Back, C., Marshall, G., Gallacher, A., McKenzie, B, Rhiannon, L., & Boyce, S. (2012). The shortage of 
engineering and related skills Senate Standing Committees on Education, Employment and 
Workplace Relations. Canberra, ACT: The Senate, Commonwealth of Australia. 

Banky, G.P. (2007). Looking for Kikan-Shido: Are elements of it detectable in tertiary engineering 
pedagogy? Paper presented at the Australasian Association for Engineering Education 2007 
Conference, Melbourne, Australia.  

Banky, G.P. (2010). Teleteaching with ‘telekikan-shido’: An exploration of how online synchronous 
supervision of student problem-solving mimics face-to-face pedagogy. (PhD PhD in Education), 
University of Melbourne, Parkville, Vic. Retrieved from http://repository.unimelb.edu.au/10187/8597   

Bell, M., Bush, D., Nicholson, P., O'Brien, D., & Tran, T. (2002). Universities Online: A survey of online 
education in Australia Occasional Paper Series. Canberra, ACT: Department of Education, Science 
and Training. 

Bodner, D.A., Wade, J.P., Watson, W.R., & Kamberov, G.I. (2013, March 19-22, 2013). Designing an 
Experiential Learning Environment for Logistics and Systems Engineering. Paper presented at the 
Conference on Systems Engineering Research (CSER '13), Atlanta, GA. 

Clarke, D.J. (2001). Chapter 2: Complementary Accounts Methodology. In D.J. Clarke (Ed.), 
Perspectives on practice and meaning in mathematics and science classrooms (Vol. 25, pp. 13-
22). Dordrecht, The Netherlands: Kluwer Academic Publishers. 

Clarke, D.J. (2002). Research Design for Learners' Perspective Study.   Retrieved August 31, 2006, 
from http://extranet.edfac.unimelb.edu.au/DSME/lps/assets/lps.pdf 

Clarke, D.J. (2006). CHAPTER TWO: The LPS Research Design. In D.J. Clarke, C. Keitel & Y. 
Shimizu (Eds.), Mathematics Classrooms in Twelve Countries: The Insider's Perspective (pp. 15-
36). Rotterdam, The Netherlands: Sense Publishers. 

Corter, J.E., Esche, S.K., Chassapis, C., Ma, J., & Nickerson, J.V. (2011). Process and learning 
outcomes from remotely-operated, simulated and hands-on student laboratories. Computers & 
Education, 57, 2054-2067.  

Davies, M. (2012). Can Universities Survive the Digital Revolution? Quadrant Online. December 2012, 
Volume LVI, Number 12. Retrieved December 27, 2012, from 
http://www.quadrant.org.au/magazine/issue/2012/12/can-universities-survive-the-digital-revolution 

Fraenkel, J., & Wallen, N. (2006). How to Design and Evaluate Research in Education (6th. ed.). New 
York, NY: McGraw-Hill. 

Gibson, J.J. (1977). The theory of affordances. In R. Shaw & J. Bransford (Eds.), Perceiving, acting, 
and knowing: Toward an ecological psychology. Hillsdale, NJ: Lawrence Erlbaum Associates. 

Jarmon, L., Traphagan, T., Mayrath, M., & Trivedi, A. (2009). Virtual world teaching, experiential 
learning, and assessment: An interdisciplinary communication course in Second Life. Computers & 
Education, 53(2009), 169-182.  

Lang, J. (2012). Comparative Study of Hands-on and Remote Physics Labs for First Year University 
Level Physics Students. Transformative Dialogues: Teaching & Learning Journal, 6(1).  

Lowe, D., Murray, S., Li, D., & Lindsay, E.D. (2008). Remotely Accessible Laboratories - Enhancing 
Learning Outcomes Project Report. Chippendale NSW Australian Learning & Teaching Council. 

Miles, M.B., & Huberman, A.M. (1994). Qualitative data analysis: an expanded sourcebook. Thousand 
Oaks, CA: SAGE Publications, Inc. 



Proceedings of the AAEE2014 Conference Wellington, New Zealand, Copyright © George P. Banky, Aaron S. Blicblau, 
Prasanna Egodawatta, Hari Vuthaluru, 2014 
 

Nedic, Z., Nafalski, A., Ozdemir, G., & Machotka, J. (2011). Enriching student learning experiences 
through international collaboration in remote laboratories. Strawberry Hills, NSW: Australian 
Learning and Teaching Council. 

Nickerson, J.V., Corter, J.E., Esche, S.K., & Chassapis, C. (2007). A model for evaluating the 
effectiveness of remote engineering laboratories and simulations in education. Computers and 
Education, 49, 708-725.  

Norman, D.A. (1990). The Design of Everyday Things. New York, NY.: Doubleday. 
O'Keefe, K., Xu, L.H., & Clarke, D.J. (2006). Chapter Four: Kikan-Shido: Between Desks Instruction. In 

D.J. Clarke, J. Emanuellson, E. Jablonka & I.A.C. Mok (Eds.), Making Connections: Comparing 
Mathematics Classrooms Around the World. Rotterdam, The Netherlands: Sense Publishers. 

Ogot, M., Elliott, G., & Glumac, N. (2003). An assessment of in-person and remotely operated 
laboratories. Journal of Engineering Education, 92(1), 57-62.  

Sarukkalige, R., Lindsay, E.D., & Anwar, A.H.M.F. (2010, December 5-8, 2010). Laboratory 
demonstrators’ perceptions of the remote laboratory implementation of a fluid mechanics 
laboratory. Paper presented at the 21st Annual Conference for the Australasian Association for 
Engineering Education, Sydney, N.S.W. 

Sivakumar, S.C., Robertson, W., Artimy, M., & Aslam, N. (2005). A web-based remote interactive 
laboratory for Internetworking education. IEEE Transactions on Education, 48(4), 586-598.  

Sonnenwald, D.H., Whitton, M.C., & Magloughlin, K.L. (2003). Evaluating a scientific collaboratory: 
results of a controlled experiment. ACM Transactions on Human Computer Interactions, 10(2).  

Wortham, D.W, & Derry, S.J. (2006, June 27 - July 01, 2006). Ways of Working: A Three-tiered 
Interpretive Model for Video Research. Paper presented at the 7th International Conference on 
Learning Sciences, Bloomington, IN. 

 
 

Acknowledgements 

The authors are in receipt of an Australian Government Office for Learning and Teaching 
(OLT) Seed Grant (SD13-3122). Additionally, the authors wish to acknowledge the support 
received from academic colleagues Dr Faisal Anwar and Dr Hock Neoh, and the Science, 
Technology, Engineering and Mathematics Education (STEMed) Group within the Faculty of 
Science, Engineering and Technology at Swinburne University of Technology. 

 

Copyright statement 

Copyright © 2014 George P. Banky, Aaron S. Blicblau, Prasanna Egodawatta, Hari Vuthaluru: The authors assign to AAEE and 
educational non-profit institutions a non-exclusive licence to use this document for personal use and in courses of instruction 
provided that the article is used in full and this copyright statement is reproduced. The authors also grant a non-exclusive 
licence to AAEE to publish this document in full on the World Wide Web (prime sites and mirrors), on Memory Sticks, and in 
printed form within the AAEE 2014 conference proceedings. Any other usage is prohibited without the express permission of the 
authors. 


