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Abstract—Experimental learning, traditionally conducted in 
on-campus laboratory venues, is the cornerstone of science 
and engineering education. To satisfy online 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 require-
ments. This work attempts to redress this situation by de-
tailing a framework for the investigation of quality teaching 
and learning in existing and proposed experimental educa-
tional environments. For the tertiary education sector, in-
volved with technical or scientific training, a tool capable of 
comparatively assessing the pedagogical limitations of la-
boratory venues is an important aid during the planning, 
designing and evaluating stages of face-to-face and online 
environments that facilitate student experimentation. 
Providing quality experimental learning venues has been 
identified as one of the distance-education providers’ great-
est challenges. 

Index Terms—experimental learning, kikan-shido, venue 
affordace. 

I. INTRODUCTION 
The recent growth of the digital economy and the rapid 

development of internet communication technologies have 
promised improved online education and training [1]. 
Furthermore, extra pressures exist on education providers 
to be globally competitive in their tertiary education offer-
ings by improving the quality of their internet-based de-
livery with the incorporation of new technologies. 

Attempts to address the engineering skills shortage in 
Australia by increasing graduate numbers [2], while deal-
ing with budgeting pressures with academic staff cut-
backs, have challenged the higher education institutions to 
migrate a number of their courses to online platforms. 
This includes courses in science, technology, engineering 
and mathematics (STEM) education that involve experi-
mental learning in laboratory venues [3]. In engineering, 
as in all the STEM disciplines, laboratory work targets 
four broad educational objectives: conceptual understand-
ing, design skills, social skills and professional skills [4] 

The provision of quality experimental learning has been 
identified as one of the distance-education providers’ 
greatest challenges [5, 6]. We use the term “affordance” 
how an object, or an environment, impacts on the actions 
of its user(s) and is attributed to Gibson [7]. Norman [8] 
argued that while affordances facilitate use, constraints 

impede potential uses. Hence, affordances must be context 
specific. 

For the tertiary education sector providing technical or 
scientific training, a framework helping to identify venue 
affordances will be beneficial during the planning, design-
ing and evaluating stages of face-to-face and online (or 
cyber) environments that facilitate student experimenta-
tion. Our proposed framework focuses only on pedagogi-
cal (or learning and teaching) affordances of experimental 
learning venues for engineering undergraduate courses. 

II. METHODOLOGY 
The underlying methodology utilized in our work is 

based on the assumption that if: affordances impact on 
activity then activity patterns reflect on a venue’s af-
fordances, hence on learning outcomes. Some affordances 
may cause learning outcomes that might not be acceptable 
to engineering course accreditation bodies such as Engi-
neers Australia (http://www.engineersaustralia.org.au); 
perhaps resulting in the professional course(s) not being 
reaccredited and ultimately not being offered. 

The foundation of the framework which we have devel-
oped, involves the analysis of video data to identify the 
occurrences of “kikan-shido” (a Japanese term meaning 
‘between desks instruction’ [9]) events which are detailed, 
in Table 1. The videos were recorded by a number of 
participants, who wore “video glasses”. Additionally, a 
wide angle fixed video camera documented the activities 
in the venue, thereby augmenting the individual record-
ings. 

The processing of the collected data utilised a three-
layered interpretive model for media-rich research into 
social interaction, attributed to Wortham and Derry [10]. 
This model ensures a traceable path from the analysed 
data, through any intervening depiction(s), back to the 
recorded data. One of the benefits of this technique is an 
implied link between the various data forms and the raw 
data. Additionally, video recordings of the sessions result-
ed in permanent records that permitted a researcher and/or 
any other expert(s) and/or interested parties to repeatedly 
review the affordances depicted in the video recordings, 
facilitating coding or recoding anytime [11]. 

As seen in Figure 1, the analysis of the video recordings 
resulted in a summary of the identified kikan-shido activi-
ties between: 
• student and student (or peer-to-peer) and; 
• student and demonstrator. 
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TABLE I.   
KIKAN-SHIDO ACTIVITY DEFINITIONS [12; P.77] 

 

III. THE FRAMEWORK 
The proposed framework for the investigation of quali-

ty teaching and learning in existing and proposed experi-
mental educational environments has the following struc-
ture: 
• Selection of the experimental learning venue for in-

vestigation. 
• Collection of data by videoing student-student and 

student-demonstrator interactions. 
• Analysis of recordings for kikan-shido events listed 

in Table I. 
• Summaries of the recordings’ analysis by creating 

binary tables as shown in Figure 1 and Figure 2. 
• Mapping of identified kikan-shido events to venue 

communication affordances shown in Figure 3. 
• Deduction of pedagogy supported by venue. 

IV. CASE STUDY 
In this section we provide details of a case study that 

was conducted at Swinburne University of Technology, 
Melbourne, Australia, involving electrical engineering 
undergraduate students. The venue is shown in Figure 1. 

In our study 96 students were involved in “real” and 
simulated experiments. The participants self-selected into 
groups of two, with eight to ten such groups and two aca-
demic demonstrators per session. In their groups of two, 
the learners were asked to design, simulate and test a spec-
ified transistor-based amplifier circuit and then repeat the 

 
Figure 1.  De-identified photo of experimental learning space, which 

was investigated in the case study [13] 

process using real components. In their post-experiment 
group-written reports the students were asked to compare 
and discuss the performance of their simulated and their 
subsequent physical-component realizations. The peda-
gogy observed in this case study was “student-centered 
learning”. 

Commercially available video glasses worn by students, 
together with a fixed wide-angle camera were employed 
to monitor and record class activities. The video analysis 
tool, Studiocode (http://www.studiocodegroup.com) was 
used to keep track of the identified kikan-shido events, 
which occurred during the recorded laboratory sessions. 
The study resulted in 34 student and 17 demonstrator 
recordings all of which were collected for analysis.  

For the students, the original set of 16 kikan-shido 
events (shown in Table I) were expanded to 32, thus ena-
bling the identification of both student-student and stu-
dent-demonstrator interactions for the observed partici-
pants. 

Over 20 hours of recordings were collected with the 
video glasses and the fixed wide-angle video camera.  

The collected data was de-identified, as mandated in the 
ethics approval and summarized in the following ways: 
• histograms of time taken for each kikan-shido event 

in seconds and as a percentage of the length of each 
recording;  

• a binary indicator if a kikan-shido event occurred 
during the recording. 

V. DISCUSSION 
Following the review of analyzed data we determined 

that a time-based tabulation reflected more on: 
• student abilities and learning preferences; 
• demonstrator teaching styles; and/or
• the type of laboratory experiment performed. 

 

Consequently, the research team resolved that summar-
ies of binary tabulations of the identified kikan-shido 
events did indeed reflect on the affordances of the investi-
gated experimental learning venues. 

Therefore, the analysis summaries, shown in Figure 2 
and Figure 3, simply documented “if” a kikan-shido event 
occurred during the recorded sessions. The events, which 
were not identified, were also logged by default. Alt-
hough, the identification of an event was noted numerical-
ly with the number “1”; subsequent identifications of the 
same event for that recording were disregarded. 
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Figure 2.  Typical summary of identified student kikan-shido events in 

the recorded videos 

 
Figure 3.  Typical summary of identified demonstrator kikan-shido 

events in the recorded videos 

 
Figure 4.  Mapping kikan-shido events to venue communication af-

fordances 

As observed from the percentage values in the 
“Weighted” columns of Figure 2 and Figure 3 some 
kikan-shido events were detectable for nearly all partici-
pants. The higher the value of this percentage, the greater 
is the need to ensure that the affordance of a chosen face-
to-face or cyber venue, in which the experiment is to be 
performed, facilitates such kikan-shido events. 

In order to mimic the pedagogy that could be practiced 
during a laboratory experiment, the communication af-
fordances (which are required for face-to-face and online 
delivery) have been mapped, in Figure 4, to all the kikan-
shido events that may occur. This mapping identified the 
communication affordances that were necessary to facili-
tate each event. 

VI. CONCLUSION 
The identification of student-student and student-

demonstrator kikan-shido events confirmed the venue’s 
affordances as far as those events were concerned. This in 
turn indicates the pedagogy that the venue facilitates. We 
can only establish “that something is positively the case, 
never the reverse” [14; p.30]. Events that were not identi-
fied may indicate a potential shortfall in venue affordances 
(by not supporting those events), or that there was no need 
for these in the context of the experimental learning, or 
both. Therefore, it is not possible to conclude absolutely 
that no other venue affordances are required “any more 
than … anyone could prove definitively, to use an age-old 
example, that ‘there is not a teapot in orbit around Mars’” 
[14; p.30]. 

With reference to Figure 4, we can conclude that the re-
al-time online implementation of the three communication 
modes (namely audible, visual and gesturing) can fully 
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facilitate the mimicking of face-to-face experimental ped-
agogy (in the form of supporting all the kikan-shido 
events) for off-campus students. 

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

Furthermore, the data collected using video recordings 
were free from any participants’ personal bias, contrasting 
previously reported investigations, in which data collec-
tion was obtained from student/staff experience surveys, 
focus groups, participants’ reflective journals, formal 
report marks, marks obtained for pre-event and post-event 
testing [15]. 
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