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Abstract

This paper discusses key practice issues in the teaching of Mathematics in the School of Computing and Intelligent Systems (SCIS) at the University of Ulster (Ulster).  A pilot was undertaken in SCIS in Ulster in 2009/2010 in Peer Assisted Study Support specifically in the subject of Mathematics (PALM – Peer Assisted Learning in Mathematics).  The use of peer assisted support and learning in Mathematics at Ulster is a particular example of innovative practice.  PASS (Peer Assisted Study Sessions) is a teaching initiative derived from the American model of Supplemental Instruction (SI), now internationally renowned, which involves using senior students to facilitate group learning in an informal environment.   SI uses senior students to support the learning of previous year students – in this case we use final year undergraduate and first year PhD students to support the learning of second year students.  The Mathematics module which was used to pilot PALM presents many challenges in terms of delivery, teaching and assessment.  Weekly one hour sessions are student led and agenda based but are owned and controlled by the leaders.  The use of peer tutoring and small groups to encourage student learning is consistent with Ulster’s revised teaching and learning strategy.  PALM has provided SCIS with a valuable approach to improve student pass rates in a difficult subject area.  PALM has been extended in 2010/11 to other subjects across the university.  A cross-faculty pilot ‘PASS @ Ulster’ has been undertaken in Ulster in 2010/11 incorporating Psychology, Mathematics and Law.  Initial results from PASS (Peer Assisted Study Sessions) 2010/11 are presented.
1.
Introduction
PASS is now internationally renowned as a teaching initiative derived from the American model of SI. PASS is a recognised way of fostering student engagement by providing opportunities for students to interact with their peers in collaborative study groups within the context of their discipline. Specifically, its purpose is to support the student experience through collaborative exploratory discussion and in so doing, improve academic performance and achievement and reduce student drop-out. It also enhances the learning experience and personal development of PASS leaders thereby enhancing their employability and provides an additional mechanism for communication and feedback between teaching staff and students and serves to foster a sense of commitment and belonging.  

The success of PASS is built on the thorough training of PASS leaders (the senior students), regular debriefing sessions with teaching staff and formative evaluation enabling progressive changes in the process.  Since its inception within the UK, there has been a proliferation of activity within many degree programs and research evidence is accumulating to suggest that the scheme is of benefit in raising grades for early year students (Ashwin, 2003; Coe et al, 1999; Bidgood, 1994; McCarthy et al, 1997). Whilst the quasi-experimental comparison of grades between those who attend sessions with those who do not has led to some criticism of these findings with the suggestion that there may be a degree of self-selection, more rigorous longitudinal studies conducted within the US have reinforced the notion that academic achievement is indeed enhanced (e.g. Loviscek & Cloutier, 2001).  
However, this focus on student performance is not without its shortcomings. For example, Capstick (2004) suggests that it disregards or downplays the limitations or deficiencies of a PASS initiative (e.g. if PASS is seen to effect a statistically significant effect on grades, then it may be easy to overlook qualitative aspects – good and bad – of the scheme) and it also downplays the processes affecting such outcomes. Perhaps more importantly, a focus on performance (and retention) as the primary outcome, has tended to emphasise this as the crux of the scheme, when in fact it may give rise to a number of valuable learning experiences (many of which may be unique to PASS) but which are often ignored in the evaluation process. For example, PASS has been reported to enhance study skills (Price and Rust, 1995) and promote independent learning. It has also been shown to enhance understanding of the subject matter of a course (Donelan & Kay, 1998). In so doing, it may also serve to engender enthusiasm for the discipline, provide an additional mechanism for communication and feedback between teaching staff and students, increase group cohesiveness, enhance employability, increase confidence and more generally, enhance the quality of the student learning experience.  The first SI project (1973) was undertaken in the subject area of Mathematics.  It has since spread worldwide, has become internationally renowned and has been shown to improve both student retention and performance and reduce drop-out rates.  SI integrates effective learning strategies within the module content and enables a clear view of module expectations.  It works in the language of the discipline, challenging the barrier between year groups.  In terms of students views PASS in Mathematics (PALM) provides an additional mechanism for communication and feedback between the module coordinator and students.  It provides participative, proactive, content-based learner support allowing the cohort to speak to the leaders about their experiences in similar technical modules.  It also gives privacy to practice Mathematics, make mistakes and build confidence.
To summarize, there has been a proliferation of PASS activity within many UK institutions and research evidence is accumulating to suggest it can have a beneficial effect, particularly in terms of academic performance. However, the focus on performance often disregards or downplays other outcomes, many of which are equally valuable and as such, more research is needed.  In light of these findings, this paper will present an evaluation of a specific SCIS 2009/2010 implementation in Mathematics (PALM) in Section 2 and also initial findings from a 2010/11 PASS cross-faculty (PASS @ Ulster) in Section 3.  The paper will explore a range of outcomes associated with 3 pilot projects operating in 2010/11 within the School of Law, School of Psychology and SCIS.  Section 4 discusses results and conclusions from both projects and provides a summary on the work to date.
2.
Peer Assisted Learning in Mathematics (PALM, 2009/2010)
PALM was facilitated through senior students (also known as leaders) acting as mentors by conducting weekly sessions with the cohort.  Debriefs occurred weekly between the lecturer coordinator, PALM supervisor and the senior students (leaders) to obtain essential feedback.  The week’s teaching finished with the weekly test to ensure the students have completely understood all of the material presented.

2.1
Benefits to Student and Teaching Staff for PALM
Peer Assisted Learning innovatively assisted the delivery of the Mathematics module through giving the students additional support in the form of learner support through compulsory small group learning without creating dependency.  In terms of students views PALM provided an additional mechanism for communication and feedback between the module coordinator and students.  The weekly sessions were student led and agenda based but were owned and controlled by the leaders.  It provided participative, proactive, content-based learner support allowing the cohort to speak to the leaders about their experiences in similar technical modules.  It also gave privacy to practice Mathematics, make mistakes and build confidence.  Weekly sessions involved senior students sharing their experiences with students and facilitating discussion rather than re-teaching the subject.  Students discussed and compared notes and deadlines, clarified issues, analysed, critiqued, questioned and asked for verification of ideas.  These additional informal and confidential sessions did not replace lectures or seminars but backed them up.

2.2
Feedback from Students and Teaching Staff for PALM
Various specific outcomes were achieved throughout this project.  Particular feedback from students and teaching staff includes:

· Regular, ongoing student feedback to module coordinator

· Supportive environment for students (greater collaboration and learner support)

· Deeper conceptual understanding of fundamental Mathematics principles

· Increased individuals confidence to pass Mathematics exams

· Quality enhancement of learning experience, improvement of student study skills

· Small group teaching 

· Improved Mathematics academic performance across all competencies

· Analysis of difficulties arising after teaching of first year modules and how this relates to overall curriculum of degrees

· Positive impact on second year retention from diverse student range

· Possibility of extending the project to other analytical subjects across the University.  This project aligns with the University’s new Teaching and Learning strategy in terms of small group teaching.

In terms of evaluation:

· Qualitative results of the PALM pilot were assessed and evaluated after extensive consultations with leaders.  Discussions and debriefs occurred weekly after each PALM session.  Dialogue was initiated with the student cohort at set times throughout the pilot to provide further direct feedback.  

· Attendance of the student cohort has been monitored and analysed by the leaders.  Student satisfaction ratings and surveys have been completed and will be assessed statistically to provide quantitative feedback and results.  

· On completion of the module examination extensive analysis was carried out on actual student assessment and examination results to fully statistically evaluate the impact of PALM.

In general in previous years students have struggled to attain good marks in examinations (see Figure 1).  In 2007/08 the average exam mark was 54.14% and in 2008/09 the average exam mark was 48.53% whereas in 2009/2010 after the PALM pilot scheme the average exam mark had increased to 63.58%.  In 2007/08 the average assessment mark was 74.69% and in 2008/09 the average assessment mark was 48.53% whereas in 2009/2010 after the PALM pilot scheme the average exam mark had increased to 80.70%.  
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Figure 1:  Average % Assessment, Exam and Overall marks for years 2007/08, 2008/09 and 2009/2010 in Mathematics II
One obvious component to measure was the students’ exam results for PALM attendees vs. non-attendees.  Table 1 shows that mathematics exam marks increased as the number of PALM sessions attended increased. Therefore it is satisfactory to conclude that the pilot PALM program seems to have had an impact on students’ examination performance.
Table 1: Comparison of exam results between participants for the 2009/2010 academic year

	
	No. of students
	Mean attendance
	Mean Exam result

	Occasional Participant 
(attended 1-5 sessions)
	9
	2.22
	58.2

	Regular participant 
(attended 6-11 sessions)
	11
	7.54
	75.8

	All students
	20
	5.12
	68.0


There have been positive outcomes to this project in terms of the mentors or leaders of the PALM sessions themselves.  The learning experience and Personal Development of the senior students (leaders) was enhanced through the project as they became effective ‘facilitators’ – a skill which can be carried on through to employment.  It encouraged leaders to engage in the university department which may convince them to take on further study (e.g. PhD).  It gave opportunities to reflect, review and re-evaluate their own studies and career path.  In this way PALM promoted employability by developing key personal and employment skills and generally improved their academic performance.  There are currently extensive plans and targets within the Faculty of Computing and Engineering and school (SCIS) for improvement of retention.  At school level our current aim for second year students is to ensure that at least 85% pass their second year Mathematics II module on their first attempt.   This pilot study has assisted this process by providing extra support to the students in their studies.  It was extended in 2010/11 to a cross-faculty pilot project with the Schools of Psychology and Law (PASS @ Ulster).  Section 3 will now discuss the methodology and evaluation of PASS @ Ulster.
3.
Cross-faculty Pilot in Peer Assisted Study Sessions (PASS @ Ulster, 2010/11)
Due to the success and dissemination of the PALM pilot in 2009/2010 two further schools within Ulster decided to run pilots in PASS in 10/11.  Hence Ulster implemented PASS across 3 faculties in 3 diverse subjects in first semester in 10/11 (Law, Psychology and Maths).  This involved training leaders September 2010, attending briefing sessions with leaders week by week and generally monitoring progress and attendance of PASS cross-faculty.

3.1 Methodology, Design and Participants for PASS @ Ulster
Both quantitative and qualitative methods were employed through PASS @ Ulster to address the following research questions:

· What are the benefits and shortcomings of PASS from the student’s perspective?
· What are the benefits and shortcomings of PASS from the leader’s perspective?
· What evidence is there to suggest that PASS can enhance academic achievement?

The evaluation is on-going throughout semester two in that students are encouraged to provide feedback during the weekly PASS and debrief sessions but data is being formally collected at two points in time i.e. at the beginning and end of the process. A steering group meets on a monthly basis to monitor and review progress.  The evaluation involves students from 3 schools (Law, Psychology and Computing and Intelligent Systems). Within each School, 2 groups of students have been included: 

· PASS participants (first year students) involving approximately 120 students in Law, 120 students in Psychology and 25 students in Computing for Intelligent Systems.
· PASS leaders (second year students). PASS leaders work in pairs and have been assigned to groups comprising approximately 12-15 students. 

3.3
Evaluation of PASS @ Ulster
Evaluation of PASS Participants.  The participants’ perceptions of the scheme have been assessed by way of focus group interviews at the beginning and towards the end of the process with a representative sample of students exploring the benefits and shortcomings in more depth. Questions are of the form:

· What has been your experience of PASS this year?
· What do you think other first year students think about PASS?
· What do you think are some of the benefits?
· What do you think are some of the downsides? Which aspects of PASS do you dislike?
· Can you describe what happened in your PASS sessions from the start to the end of the semester?
· If you have not been to PASS, or to less than three sessions, please indicate why.
· What would you like to see improved or developed in relation to PASS?
Evaluation of PASS Leaders.  The PASS leaders’ perceptions of the scheme have been assessed through focus group interviews. Leaders have also been asked to comment more generally on a range of issues including:
· What have been your experiences of PASS so far?
· What do you think students gain from these sessions?
· What do student dislike about PASS?
· What sorts of things is PASS good for?
· How have you benefited as a PASS leader?
· What have you found difficult or not liked about being a PASS leader?

Evaluation of Academic Achievement.  Here an examination has been carried out to determine whether attendance at PASS correlates with the end of year marks, with some attempt to correct for elements of ‘self-selection’ bias. As such, PASS leaders have been instructed to be diligent in recording attendance.

3.3 Results and Discussion on PASS @ Ulster
This PASS @ Ulster project is student-centred:

· The PASS sessions are led by the PASS leaders (second year students) and the participants (first year students) set the agenda.
· Weekly debrief sessions are held with PASS leaders and will include the student placement officer
· The evaluation is focused on students’ perceptions of the process.
· A steering group comprising the three Faculty Coordinators, Placement Officer and other student representatives meets on a monthly basis to monitor progress.

Evidence provided to indicate that the project objectives were met:
· Both quantitative and qualitative measures are employed to identify the benefits and shortcomings of PASS from the students (participants and leaders) perspectives.
· Feedback is obtained via the weekly PASS sessions and weekly debrief sessions.
· Attendance is monitored closely.
· Student assessment and examination results are collated. This, together with the attendance data will allow us to explore the impact of PASS on academic performance.

Early indications suggest that the scheme is already having a positive impact. For example:
· Results of the evaluation highlight students’ perceptions of the benefits and shortcomings. Indeed, qualitative comments suggest that PASS is aiding the transition process by allowing students to build supportive networks.
· Attendance at PASS sessions indicates the extent to which students value the process. For example, in Psychology 73% of students attended 4 sessions or more during the first semester.
· Performance statistics suggest the initiative has enhanced academic performance. For example, exam marks increased as the number of PASS sessions attended increased in all modules associated with the scheme. 

A comparison of Module Marks in Mathematics for PASS Participants in 2010 -11 for Full-Time Undergraduates is shown in Table 2 which can be compared directly with Table 1 showing Marks for the PALM pilot ran in 2009-10 (both for COM420 Mathematics II module).  Also for comparison cross-faculty, Modules Marks are shown for Psychology (PSY131 Introduction to Psychology module) and Law (LAW116 Introduction to Law module) in Tables 3 and 4 respectively.  Table 2 shows that mathematics exam marks increased significantly as the number of PALM sessions attended increased (similar to results in Table 1 for PALM pilot 2009/2010). Again the PASS @ Ulster pilot seems to have had an impact on students’ examination performance in second year Maths at SCIS.  Tables 3 and 4 also show that respectively Psychology and Law exam marks increased as the number of PALM sessions attended increased.

Figures 2 and 3 show a comparison of Mathematics with Psychology.  In general in previous years students have struggled to attain good marks in examinations in the Mathematics II module (see Figure 2, 08/09 and Figure 1 07/08).  In 2007/08 the average exam mark was 54.14% and following both the PALM and PASS @ Ulster pilots by 2010/11 the average exam mark was 65.92%.  In 2007/08 the average assessment mark was 74.89% and following both the PALM and PASS @ Ulster pilots by 2010/11 the average assessment mark was stable at 74%.  Following two years pilots of Peer Assisted Study Support in Mathematics the results have stabilized, and in examinations the results have increased somewhat.    For Psychology, in 2008/09 the average exam mark was 49.48% and following the PASS @ Ulster pilot in 2010/11 the average exam mark was 58.44%.  More significantly, in 2008/09 the average assessment mark was 57.74% and following the PASS @ Ulster pilot in 2010/11 the average assessment mark had increased dramatically to 83.55%.  

Table 2: Comparison of exam results between Maths participants for 2010/2011 academic year

	
	No. of students
	Mean attendance
	Mean Exam result

	Occasional Participant 
(attended 1-5 sessions)
	19
	1.8
	59.8

	Regular participant 
(attended 6-11 sessions)
	6
	10.5
	83.8

	All students
	25
	6.15
	71.8


Table 3: Comparison of exam results between Psychology participants for 2010/2011 academic year

	
	No. of students
	Mean attendance
	Mean Exam result

	Occasional Participant 
(attended 1-5 sessions)
	41
	3.49
	62.05

	Regular participant 
(attended 6-11 sessions)
	66
	7.74
	73.18

	All students
	107
	6.10
	68.92


Table 4: Comparison of exam results between Law participants for 2010/2011 academic year

	
	No. of students
	Mean attendance
	Mean Exam result

	Occasional Participant 
(attended 1-5 sessions)
	54
	1.32
	47.76

	Regular participant 
(attended 6-11 sessions)
	30
	8.90
	54.03

	All students
	84
	4.02
	50.0
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Figure 2:  Average % Assessment, Exam and Overall marks for years 2008/09 to 2010/11 in ‘Mathematics II’ after PASS @ Ulster pilot

[image: image3.png]90
80
70
60
50
40
30
20
10

Psychology (08/09 to 10/11)

Assessment, Exam, Overall % marks

nuh

08/09 09/10 10/11

B Assessment
Exam

m Overall





Figure 3:  Average % Assessment, Exam and Overall marks for years 2008/09 to 2010/11 in ‘Introduction to Psychology’ after PASS @ Ulster pilot

4 Summary and Future Work
PASS continues to show performance improvements for students in Mathematics in 2010/11.  It has also shown performance improvements in Psychology and Law at Ulster in 2010/11 through the cross-faculty pilot initiative ‘PASS @ Ulster’. As a consequence of the 2009/10 PALM scheme and the 2010/11 PASS@Ulster scheme, PASS has already been extended to Economics and there are plans for the Schools of Nursing to join the pilot study in September 2011.  
Student engagement continues to be the focus of much research attention as it has been shown to be positively related to a number of significant outcomes.  In a climate where non-attendance at lectures and tutorials appears to be a growing trend, there is a need to explore students’ motivations to engage with the learning environment and to identify the reasons why some students are reluctant to expend the ‘quality of effort’ (Pace, 1980) that is required. In this way, it might be possible to shape the future delivery of programmes to more accurately reflect the needs of students which seems to be particularly important amidst the claims that students are too often presented as the customers of engagement as opposed to the co-authors (Trowler and Trowler, 2010).  With this in mind, the aim of future work will be to employ psychological theory to support the evaluation of a PASS (peer assisted study session) programme and in so doing to identify the factors influencing students’ attitudes and motivations to engage with the process and to assess their relative importance. It is hoped that the information elicited will not only serve to inform the future delivery of the programme but will also be of interest to those keen to promote higher levels of engagement amongst the student population. 
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