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Abstract

Module delivery typically builds upon fundamental/core competencies that students have gained through previous studies. In this paper, core competencies are defined as the level of basic knowledge, understanding and skills required to progress to more advanced modules and develop higher level knowledge, understanding and skills. An educator often assumes that this set of core competencies are deeply ingrained in the students and may not spend any significant amount of time reviewing such material. However, students may not have sufficiently digested core competencies to an extent that they can readily and easily relate them to new areas. 
This paper outlines a support structure, based on the use of unsupervised online quizzes, which encourages students to develop core competencies within an undergraduate electrical/electronic engineering programme. The structure used was evaluated via a number of student focus groups in which students generally voiced support of the structure.  
1.
Introduction
Educator's preparing for the delivery of a module do so with the assumption that the students undertaking the module have developed certain competencies beforehand and hence design the curriculum to build on those competencies. With this in mind, programmes of study are generally designed so that the competencies required in one module are either developed in previous modules or are prerequisites for entry to a programme. This programme design methodology should ensure that students are well prepared for each module they undertake. However, the reality can be quite different for a number of reasons, such as:

· Module assessments are often structured in such a way as to allow sections of module content be omitted i.e. a student can pass a module without knowing the entire content of the module. For example, examinations often provide students with a choice of questions and/or only require a result of 40% to pass.
· A certain amount of surface learning [1] can occur with the result that knowledge is quickly lost after initial assessment.
If the expected levels of a module’s prerequisite competencies have not already been attained, students can quickly become inundated with 'new' concepts leading to cognitive overload [2] and a reduction in the student’s ability to build on their knowledge and develop their conceptual understanding. This can lead to the student being unable to achieve the learning outcomes and/or taking a surface learning approach. In addition, if the educator recognizes the lack of prerequisite competencies within the students, the design of the learning and teaching activities may have to be altered to deal with the issues that arise, thereby further increasing the educator’s workload.
It's clear that students who are competent in relation to the prerequisite competencies will be better equipped to achieve the learning outcomes, with the added benefit that the educator’s task will be more straightforward.
The above discussion leads to a desire to provide a support structure which will encourage students to continually reflect on their understanding of a programme’s core competencies.  In this paper, programme core competencies are defined as the level of basic knowledge, understanding and skills required to progress to more advanced modules and develop higher level knowledge, understanding and skills. This paper describes a structure in which a set of online quizzes are used by students, in an unsupervised manner, to evaluate their understanding of a set of programme core competencies. The rationale behind development of quizzes dealing with programme core competencies, rather than just module specific competencies, was to make best use of resources available and have a wider impact on programme development. In addition, the structure described in this paper helps ensure that students are not over assessed on prerequisite competencies that are common to a number of modules. The following paragraph outlines the content of the remainder of this paper.
Unsupervised online quizzes provide the basis for an extremely flexible structure which can provide instant feedback and can be accessed at any time by students. A review of the use of such quizzes is presented in Section 2. Following this, Section 3 presents the structure used to deliver and assess the online quizzes in the context of an electrical/electronic engineering programme. An evaluation of the structure was undertaken through the use of a number of student focus groups; a summary of findings are presented in Section 4. 
2.
Use of Online Quizzes
Online quizzes have been utilized in a broad range of disciplines to support student learning [3-5]. In [4] it is noted that, amongst educational psychology students, higher use of optional online quizzes correlated with better academic performance, while an analysis of a survey of first year biology students [5] found that 90% of students found weekly online quizzes to be either useful or very useful.

Online quizzes offer many benefits over their paper-based counterparts; some key ones are listed below:

•
Easy/wide access

•
Facility to provide quick feedback

•
Easy reuse of quizzes 

•
Allows multiple attempts

•
Automatic corrections

Kibble [3] explores the use of unsupervised online quizzes as means to provide formative assessment in a medical psychology programme.  The paper explored the impact of offering ’course credit’ to students as an incentive to utilise the quizzes. In the first instance no credit was offered and it was observed that there was a high correlation between optional participation and higher end of semester summative assessment grades. Subsequently credit between 0.5% and 2% was offered as an incentive; [3] notes that while the participation increased as a result there was evidence of widespread inappropriate use of the unsupervised quizzes.

The use of unsupervised quizzes are appealing to both students and staff due to the flexibility they offer and the low-cost of their implementation after initial setup. The difficulties with inappropriate use of such quizzes is acknowledged with the result that particular focus will be placed on quizzes which require a basic process to be applied; one in which it would be easier for a student to simply learn the process rather than copy from a colleague. It was also felt that the quizzes should generally contain a number of variables which could easily be randomised to allow for a large amount of variability in each questions answer; although the process to determine the answer would be the same, or similar, in each case to promote sharing of knowledge between students.  With this in mind multiple choice style questions would be avoided except where a large amount of variability could be maintained. 
3.
Description of Support Structure Utilised
This section describes the structure utilised in years (stages) 2 and 3 of the Dublin Institute of Technology four year Bachelor in Electrical/Electronic Engineering Honours Degree programme (Semester 1, 2010-2011).
The first step in developing the structure was to identify programme level core competencies which were determined though discussion with members of staff teaching on the programme. The core competencies identified were considered as being fundamental competencies which were developed and applied in a number of modules in the programme. The following table lists the topics initially identified, under the categories of mathematics, programming, electrical systems and electronic systems, for which online quizzes were developed (a number of additional topics were subsequently identified; quizzes for these topics will be included in future studies in this area): 

Table 1: Categorised Core Competency Topics 
	M Mathematics
	Electrical Systems

	· Ratios

· Scientific & Engineering Notation 

· Engineering Notation

· Indices

· Logarithmic Numbers

· Algebra

· Simultaneous Equations

· Quadratic Equations

· Complex Number Arithmetic

· Binary Numbers

· Hexadecimal Numbers

· Boolean Logic

· Trigonometry

· Sinusoidal Functions

· Probability

· Differentiation
· Integration
	· Ohms Law

· Equivalent impedance of resistors/capacitors/inductors in series/parallel

· Superposition Theorem

· Characteristics and behavior capacitors and inductors

· Potential divider rule

· Power dissipated by a resistance


	
	     Electronic Systems 

	
	· Logic gate circuits

· Timing Diagrams

· Truth Tables

· Op-amp configurations (inverting, non-inverting, buffer)

· Behaviour and characteristics of diodes

· Behaviour and characteristics of BJT transistors

· Integrated Circuit Terminology



	P Programming
	

	· Manipulating variables (adding, subtracting, etc.)

· If-else statements

· Loops 
· Functions – passing and returning variables
	


It should be appreciated that the topics listed in the table above represent low level fundamental electronic/electrical engineering knowledge and skills e.g. the ability to divide complex numbers or to determine the equivalent resistance of resistors in parallel. These competencies form the foundation upon which a significant amount of additional knowledge and skills are developed and, as such, need to be continually revised and practiced in order for students to be suitably comfortable with them and to progress effectively through the programme. 
Each quiz had ten questions, with a minimum of two questions being selected from each category shown in Table 1. The quizzes were available online via an E-Learning management system called Webcourses. Table 2 shows three example questions used in the quizzes; additional examples of the quizzes are available at http://eleceng.dit.ie/dorran/basics.  The quizzes were mainly calculation based to allow for a randomisation of variables e.g. in example question 1, in Table 2, the values of the complex numbers would be different for each student.
Table 2: Three example questions 
	Example Question 1: Complex Number Arithmetic 

Top of Form

What is the phase (or angle), in radians, of the sum of 9+j19 and 11+j9?
(Enter a numerical answer only)

Answer: 

Bottom of Form



	Example Question 2: Circuit Theory 

The circuit below shows a resistor in series with an inductor. What is the magnitude of the voltage (in volts) at node n1 when the supply voltage Vs is a sinusoidal voltage of magnitude 6 volts with a frequency of 1,297 hertz ; R2=11 ohms; and L1 = 100 milli Henry (mH)? (enter numerical answer only)
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Answer: 



	Example Question 3: Programming 
What is the value of the variable c after the following code is executed?
int useless_function(int var1, int var2); 

void main(void)
{
  int c, b;
  b = 51;
   c=useless_function(7, b);
}

int useless_function(int var1, int var2)
{
  int a;
  a = var1 +var2;
  return(a);
}
Answer: 




Students in years 2 and 3 of the programme were required to complete 6 quizzes during a 13 week semester, the quizzes were frontloaded so that all the quizzes were completed by the end of week 7; this was done so that students would gain benefit from completing the quizzes at an early stage. Quizzes were available for a period of one week, with students being allowed an unlimited number of attempts, with the highest graded attempt being used as the final grade; all quizzes were unsupervised. The quizzes comprised of mainly calculation based questions, for reasons outlined above; however, a large number of the mathematics topics were multiple choice, as these quizzes were reused from a previous study [6]. It was expected that students would be able to achieve a grade of 80% or more within 30 minutes.
Two sets of 3 teaching staff (one set from each year of the programme involved in this study) agreed to use the results of the quizzes as part of the continuous assessment component of their module; this meant that the results of two quizzes (out of a total of six) were used in determining students’ grades in each of the three modules. Students were made aware which quiz related to a particular module and the topics dealt with in each quiz. It should be noted that the topics dealt with in each quiz was independent of the module it was associated with e.g. quizzes associated with an electronics module did not focus on electronics topics; this was done to highlight that the core competencies should be considered as being relevant at a programme level, in addition to module level.  The results of the quizzes contributed to 5% of the continuous assessment component each module. It was agreed by all teaching staff involved that the full 5% would be awarded to students who achieved an average of 80% in the two quizzes associated with each module and 0% otherwise.
4.
Evaluation: Methodology & Key Findings

Students’ experiences of the online ‘core competency’ quizzes were evaluated via three focus groups which were facilitated by three members of the Institute’s staff separately; each facilitator had prior experience in facilitating such discussions. Two of the focus groups were recorded (audio only) and each focus group involved 6 students.  The facilitators were provided with a set of questions by the system coordinator in advance of the focus groups to act as a guide for the discussion; the questions are available for download from http://eleceng.dit.ie/dorran/basics.

On completion of the focus groups the facilitators met with the structure coordinator to discuss main findings. For the case in which the focus groups were recorded, the two facilitators and the coordinator were present at the meeting and the coordinator noted the main findings.  Following this the coordinator analysed the recordings and used this data together with the meeting findings to generate a report which was reviewed and agreed upon by the facilitators; the report is available for download at http://eleceng.dit.ie/dorran/basics. The report was also distributed to all students for comment via email. One response was received which expressed agreement with the content of the report.
For the case in which students were not recorded a brief meeting between the facilitator and coordinator took place in which the main pros and cons of the structure were discussed. The facilitator then wrote a report on his key findings; the report is available for download at http://eleceng.dit.ie/dorran/basics.

The key findings from the two reports are similar and are summarized below:

1.
Students attitude towards the quizzes were largely positive, and the purpose and rationale for their introduction was understood. It should be noted that the feeling towards the quizzes when they were first proposed to the students was generally negative and somewhat resentful in some cases.

2.
Students felt the quizzes were beneficial as they help motivate revision.

3.
They felt that quizzes which related more strongly to material they were currently studying would also be useful.

4.
Quizzes were time consuming – up to two hours in some cases – the coordinator had an expectation that each quiz would require 20-30 minutes.

5.
5% of CA mark was enough to motivate students; as did the 80% pass mark

6.
A certain amount of copying occurred (approx 10% of questions completed without any real understanding – mainly multiple choice)

7.
Students felt they benefitted from having multiple attempts and being able to work together.
4.
Conclusion
This work describes a method/structure to support students understanding of ‘core competencies’ within an engineering programme using unsupervised online quizzes. 
In general students found the unsupervised core competency quizzes to be of benefit to their studies as it provided an opportunity to revise and test their understanding, although they acknowledged that it is possible to complete the quizzes without any significant learning taking place.  Students also felt that the unsupervised nature of the quizzes provided an opportunity to work together in solving problems and learn from each other.

The unsupervised quizzes seem most appropriate in supporting the development of “short time-frame analytical skills” which are reinforced effectively through repetition; in mathematics an example of such a skill is the division of complex numbers; in electrical engineering one example is determining the equivalent resistance of resistors in series and parallel. Further investigation is required to determine if more sophisticated skills and knowledge could be reinforced in this way. 
When developing the structure to deliver the quizzes, they were linked to a number of modules in the programme i.e. the results of the quizzes were used in determining a grade for a number of modules. This reinforced the important concept that the students should consider these core competencies as being relevant at a programme level rather than just at a module level. It should be noted that students expressed a desire for additional quizzes which would be module focused – while this was outside the scope of this study, it would seem that the use of unsupervised online quizzes which are module specific would be useful; further investigation of this is required.
Acknowledgements

The authors are grateful for the participation of the students and programme committee in undertaking this study.  In addition, Gavin Duffy and Muireann O’Keefe are kindly thanked for their involvement in the facilitating the focus groups.
References
1. J. Biggs, Student Approaches to Learning & Studying, Hawthorn, Victoria: Australian Council for Educational Research, 1987, pp. 19-20

2. F. Pass, A. Renkle, & J. Sweller, “Cognitive Load Theory and Instructional Design: Recent Developments,” Educational Psychologist, Vol. 38, No. 1, 2003.

3. J. Kibble, “Use of unsupervised online quizzes as formative assessment in a medical physiology course: effects of incentives on student participation and performance,” Advances in Physiological Education, Vol. 31, 2007, pp. 253-260.
4. G. M. Johnson, “Optional Online Quizzes: College Students Use and Relationship to Achievement,” Canadian Journal of Learning and Technology, Vol. 32, No. 1, 2006.
5. M. Peat & S. Franklin, “Has student learning been improved by the use of online and offline formative assessment opportunities?," Australian Journal of Educational Technology, Vol. 19, No. 1, 2003, pp. 87-99.
6. M. Carr & E Ni Fhloinn, “Assessment and Development of Core Skills in Engineering Mathematics,” Proceedings of the CETL-MSOR Conference, Milton Keynes, 2009, pp. 19-24.

















































