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Using Technology to Support Interaction within Large Class Settings – University of Strathclyde
Context:

The University of Strathclyde was founded in Glasgow "as a place of useful learning, to make higher education available to all, and to combine excellence with relevance". It currently has an undergraduate population of 14,500, with all students having access to an advanced computer and information network 24 hours a day, and every study bedroom having full network access.
The Department of Mechanical Engineering at Strathclyde is one of the largest in the UK with some 560 undergraduate and 80 postgraduate students. It has had the highest independently-assessed standing in its discipline in Scotland for both teaching and research, having achieved an Excellent rating for teaching quality and a Grade 5 in the 2001 Research Assessment Exercise (on a scale of 1-5 where 5 is top).
The challenge:
The 1st Year intake (of approximately 130) into the Department of Mechanical Engineering is generally amongst the highest qualified (at entry) in the University and in engineering in the UK. Yet despite the clear academic ability of the students, in the mid 1990's lecturers noticed that students were having difficulties acquiring a deep understanding of certain core concepts. "As one lecturer put it, 'even the brightest students were making inexplicable blunders in the application of these concepts'" (Nicol, D.J. & Boyle, J T. (2003)).
1st Year attendance levels at lectures and consequent student retention was dropping, an indication of low levels of motivation. Over the first two academic years the Department was losing almost 20% of its students.
There was also concern at the rising numbers of initial student intake as it was believed this limited the potential for increasing the levels of interaction.
Teaching and learning activity:
The Department set about improving retention levels and increasing motivation by introducing active learning and discussion of core concepts into large classes. Established as part of a wider project on 'New Approaches to Teaching and Learning in Engineering (NATALIE), the change to the teaching approach was based on the experiences of the Physics Education Research Group (PERG) at the University of Massachusetts and investigators from the Galileo Project Group at Harvard who had been researching ways of improving conceptual learning in the sciences (Nicol, D. J, and Boyle, J. T, 2003).
"The basic approach adopted by these researchers is to break up lecture inputs with concept questions (multiple choice tests) and in-class discussions using a classroom communication system (CCS). A CCS is a software/hardware configuration that makes it possible for students to signal their responses to the concept questions using handset transmitters and for these responses to be collated in real time and publicly displayed as a histogram. It is this feedback that is used to trigger and sequence in-class discussions" (Nicol, D. J, and Boyle, J. T, 2003 pp1).
The pedagogy is consistent with social constructivist perspective (Palinscar, 1998). Nicol and Boyle, in their evaluation of the approach, state that "the argument is that in-class discussion forces students to explain, analyse and defend their answers to concept questions in the face of questioning by others with different perspectives." (2003 pp 2). The team believed that increased levels of engagement and conceptual understanding would improve motivation and therefore increase retention.
Technology:
A GTCO Calcomp Personal Response System (PRS) by Varitronics. Distributed by Avantec and found at: http://www.gtcocalcomp.com/interwriteprs.htm (The Personal Response System is also known as a 'classroom communication system' and an 'electronic voting system'). PRS uses infrared technology similar to a TV remote. The transmitters operate at a range of up to 60 ft. from the receivers and are set up at the front, linked by cables to a PC/laptop - one per 50 audience members. The system requires use of a PC or laptop and a data projector.
The package comes with 'InterWrite PRS System' software which is installed on the PC/laptop, and enables the student responses to the multiple choice question to be instantly displayed as bar charts or histograms.
At Strathclyde this system is fixed into several rooms and some existing space has been redesigned to facilitate peer discussion.
Participants:
At Strathclyde PRS is used in Years 1 and 2 of Mechanical Engineering – consistent use by 200/300 students and approximately a dozen teaching staff using to some degree. Other consistent users across the University are in Mathematics (at least three staff), Modern Languages (two staff) and Physiology & Pharmacology (two staff).
It is also used across a wide spectrum of the curriculum at the University of Glasgow, where Steve Draper (Department of Psychology) uses mobile versions of the same technology to support classroom interaction and 'contingent teaching' (see Draper, S.W. and Brown, M.I., 2004 pp91)

Achievements:
Survey data from students has confirmed that "discussing PRS [personal response system] questions with other students in class helps me to understand better the subject matter".

Discussing concept questions in small groups has not only enhanced the student's conceptual understanding but also proved a powerful motivating force. In an evaluation survey of over 100 students in class, "over 90% wrote that they felt most engaged when they were interacting and discussing problems with fellow students". Evaluations support that the blend of individual responses to PRS questions followed by peer discussion and a follow-up response has improved understanding and motivation.

Results from diagnostic tests provide evidence of raised standards and the retention problem has been eliminated; of those leaving, exit interviews show they are for reasons other than motivation.

What has worked well: 
"Despite the practical benefits of CCS technology, it is clear that the learning gains …were not the result of the technology alone. Rather, these gains were the result of the application in class of teaching and learning principles centred on active engagement and dialogue supported by CSS technology". 
It has been essential to use PRS as part of a pedagogical framework with the emphasis on 'interactive engagement' (Hake, 1998) and problem-based learning.
What could have been done differently:
The Department of Mechanical Engineering have met the outcomes they set out to achieve – teaching staff using the system have said at interview that they could not now manage without the interaction from the students. 
Steve Draper at Glasgow recommends that should an institution which to maximise take up across the curriculum, then mobile PRS units supported by technical staff should be made available.
Resource requirements:
· A Personal Response System including use of a PC/laptop and projector.
· Teaching staff need initial support to use the equipment in fixed rooms or require technical support in setting up mobile equipment. Software needs loading onto the PC to be used.

· Time is needed to rework lectures to focus on key concepts and write questions. Support may be needed to be able to write effective and meaningful questions.

The Future:

· Shifting the balance in later years with students formulating their own questions being asked "do you want more on this topic?" – 'bi-directional' use of the system.
· Using the system to support 'contingent teaching' where the teacher uses responses to define the content of sessions (see Draper, S.W. and Brown, M.I., 2004. pp 91)

· The technology could become more pervasive as 3G and WiFi enabled mobile smartphones become more widely available.
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