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Abstract: 
Engineering academics have limited opportunity to obtain feedback from students on what students make of lecture material, and what lecture material remains generally confusing.  Feedback gained from end-of-session teaching surveys and final exam performances may be used to improve the experience of future students, but offers little immediate benefit for current students.  

This paper describes a fourth year Honours study into the use in engineering lectures of feedback technique called the Minute Paper.  The Minute Paper is generally used at the end of a lecture or tutorial and asks students to respond to two prompt questions:

1. What was the most important thing you learned today?

2. What is still unclear?

At the beginning of the following class session, the lecturer spends time addressing the main points of confusion identified.  
In our study, Minute Papers were used in three engineering subjects, over a period of four weeks.  We report in general about students’ and academics’ responses to the use of Minute Papers, and provide detailed results from one of the participating subjects.  In this particular subject, students demonstrated statistically significant improvement in their exam performance after the use of Minute Papers, compared with students in the previous year.
Introduction: 

Challenges are faced in the classroom by academics and students alike.  Academics need to remain aware of the progression of their students, what the students adequately understand as well as what they find confusing, so that classroom time is used most effectively and efficiently.  They also need to satisfy the objectives of the subject, by covering the fundamental and important concepts which need to be understood by students by completion of the subject.  For their part, students need to structure their time so that they can keep up with the pace of the teaching as well as that of their classmates.  They need to understand the relative importance of what they are learning so that they can rationalise their time and prioritise learning to obtain the most from their study.  In order to overcome these challenges more effectively it is important for communication to occur in the classroom between academics and students.  By achieving effective communication both parties are able to understand one another and optimise the processes of teaching and learning. 

There are relatively limited opportunities for teachers to obtain feedback from students.  The feedback gained from end-of-session teaching surveys and student final examination performances may be used to improve the experience of future students but offers little immediate benefit for current students.  Formal assessment of students is limited in what it tells the teacher about students experiences of learning, and formal teaching and subject evaluation tools usually focus on the teaching method rather than on the specific content taught.  

Classroom Assessment Techniques (CAT) are formative evaluation techniques which are designed to improve the quality of student learning by improving communication between student and academic (Angelo and Cross, 1993).  They are generally anonymous, and provide academics with immediate feedback about what students understand and what they find confusing.  The academic is then able to respond, either directly or indirectly, to problems as they arise.  CATs are a simple method to collect feedback, early and often.  The Minute Paper is a popular CAT and has been used widely in a range of different disciplines.  The technique is popular because it is simple to use, it requires minimal class time and it is quick and straightforward for time-poor academics to evaluate the responses.  The technique is also easily adapted so that it can be tailored to various classroom situations and disciplines.  

Minute Papers (MP) ask students to review their learning in a lecture or tutorial and identify the main things they learned and anything that was unclear.  The MP approach has been used by academics in a range of disciplines in various educational institutions (eg. Pharmacy – Morrow et al, 2001; Chemistry- Harwood, 1996; Economics – Chizmar and Ostrosky, 1998).   One comprehensive study from the discipline of Economics  demonstrated that the MP has a quantifiable positive effect on student exam outcomes.  In 1998, Chizmar and Ostrosky trialled MPs with first year Economics students using an experimental group of 315 and a control group of 256 students.  These researchers carefully structured the experimental design, teaching approach and used statistical analysis to quantify and apportion the impact of extraneous factors (eg. tutors approach to teaching, student existing economics knowledge, student grade point average).  Using regression analysis, they demonstrated that the effect of MPs was positive and significant.  After accounting for the influence of extraneous factors, the researchers were able to demonstrate 6.6% difference in post-test scores between experimental and control groups.  This demonstrable effect on learning reinforces the consensus in the educational literature that MPs are effective.  Less is known about the particular mechanism that makes MPs work, however, this approach challenges students to critically examine what they have learnt.  This means they must first absorb the information taught, sort the information learnt, then assess its importance to the overall topic, and identify areas of confusion.  This reflective process of review and critical analysis is likely to play an important role in learning gains from MPs (Angelo and Cross, 1993; Prosser and Trigwell, 1999).
The Minute Paper is generally used at the end of a class session (i.e. lecture or tutorial) and entails the student taking a minute to answer the following two questions on a scrap of paper:

1. What was the most important thing you learned during this class?

2. What important question remains unanswered?

These questions are designed to help evaluate the students’ understanding of the subject as well as draw attention to any misunderstandings which may have come about.  The first question encourages students to summarise and evaluate what they have learnt, and to separate the major points from the minor details taught.  The second question gives the academic insight into the students thinking processes and provides them with clues on how to redesign, restructure or structure future instruction.  

Students are asked to pass their responses to the front of the classroom for collection by the academic.  As is the case with many qualitative measures, the student’s individual responses, while interesting, are less important than the general thrust of answers.  Hence, the academic roughly or quickly reads through responses and clusters them to identify the main misconceptions or questions that remained unanswered.  At the outset of the next meeting with the student group, the academic spends time addressing the main questions nominated by students (Angelo and Cross, 1993).

It is stressed by Angelo and Cross that the two form questions (most important thing and questions remaining unanswered) should be adjusted to suit individual classroom environments.  This should be done by the teacher to reflect their teaching goals and help them reach their objectives for the students’ learning.  The most common change is to ask students to give several points for each answer, for example: “Name the five most important points from today’s session” (Angelo and Cross, 1993).  One study also included the addition of a third question which was aimed at focussing the students’ attention on answering all the questions correctly.  The additional question was: “What was the most interesting fact you learned today?” (Morrow and Bartlett, 2001).  The third question helped the students to comprehend the first question “What was the most important fact you learned today?”.  Some of these variations and adaptations have been documented and published but it is likely, due to the popularity of this CAT, that the MP has been used more widely than this.  We are, however, unaware of any published accounts of its quantitative and qualitative evaluation as a supplement to learning in the discipline of Engineering.  

The remainder of this paper reports on a study on the effectiveness of MPs for generating rapid feedback on student learning in Civil Engineering lectures.  The research was undertaken in 2006 as a fourth year Engineering Honours research project by one of the authors (IS), under the supervision of the remaining authors (EB and ALC).  

Method:
The study involved evaluation of MPs to support academic teaching and student learning in three Engineering subjects within the Faculty of Engineering at the University of Wollongong.  Three subjects (A, B and C) were selected to participate.  Subject A was a third year core subject with ~35 students and a management focus.  Subject B had ~25 students, was a fourth year technical elective and relied on chemistry and geomechanics knowledge.  The third subject, C, had ~15 students and was a fourth year elective subject for students specialising in mining engineering.  The subjects, however, have one similarity in that they are each taught by a singular academic who is also the subject coordinator.  All the academics selected also expressed a genuine interest in improving their teaching and student learning in their classes. 
A flowchart was developed (Figure 1) to give the participating lecturers an understanding of the process as well as an indication of the time commitment involved in taking part in the research.  Figure 1 shows the research sequence which was followed with each subject.  The sequence involved four main phases; planning (talking with the lecturer about MPs and the study), implementation (students doing MPs after teaching sessions), responding (interpreting MPs and deciding a response), and reviewing (analysis on the impact of using MPs).  Using a logical method helped with explaining the study to lecturers and students, and for the technique to be used effectively as a research tool, it was essential the MP was used methodically and that the same method was used for all three trial subjects, A, B and C.
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Figure 1.  Minute Papers Study - Method Flowchart

The study was carried out over four consecutive weeks in each of the participating subjects (A, B and C).  Initially, the basic MP, as described by Angelo and Cross, was used as a scoping measure to gauge the students’ reactions and responses to the questions.  After using the MPs for a couple of weeks it was evident that the students’ responses to the second question posed: (What is still unclear?), were too broad and vague to provide useful feedback to the academics participating in the study.  Students were not being succinct and it was difficult for academics to sort out what problems the students were identifying.  Consequentially, the second question was altered to: What concepts or aspects taught are still unclear?.  This change in wording was intended to direct the students to focus on and describe the particular areas they were struggling with.  
Results and Discussion
Student and Academic Responses
The students and academics who participated in the study responded to the MPs in a range of ways.  Table 1 illustrates the number of responses collected from each class during the study period.  The number of responses received for Question 1, (What was the most important thing you learned today?), was consistently greater than the number of responses received for the second question, (What is still unclear?).  For subject A, the number of responses for Question 1 declined somewhat over the four weeks whereas the number of responses to Question 2 did not vary.  Responses received in Subject B did not vary much between the first and fourth week, however, the number of responses received from students in Subject C fluctuated considerably.  It is important to note that these changes are over a limited number of weeks and are not statistically conclusive, they do, however, indicate variation in the way students responded.  The reasons for the differences and fluctuations in the number of responses shown in Table 1, particularly to Question 2, may be attributed to a number of factors.  For example, students may not respond if they are generally comfortable with subject content; or students may not see the technique as worthwhile, particularly if the lecturer fails to address concerns raised in earlier MPs.  
Table 1. Number of student responses for each MP question
	Subject
	A
	B
	C

	Number of Responses
	Q1
	Q2
	Q1
	Q2
	Q1
	Q2

	First Week
	29
	16
	19
	13
	13
	13

	Second Week
	27
	16
	20
	12
	12
	12

	Third Week
	23
	12
	19
	13
	12
	5

	Fourth Week
	17
	14
	19
	15
	10
	9


Lecturer response to the MP varied between the three participating academics.  Each academic who participated in the study had a different approach to the way they responded, and these varied responses demonstrate how versatile the MP is.  One academic (Subject A) tended to focus his response on the questions students raised about information which the lecturer felt he had not covered well or adequately during the lecture.  In the case of A, the lecturer used student responses in combination with his own impressions of the success of the teaching session to inform his response.  The lecturer for subject A also used the MP responses to the first question to establish which method of delivery was most effective for students, and adjusted his approach to teaching to include more of this delivery style.  For example, the students responded well to the real-life examples he presented so he increased his use of examples in subsequent classes.  In contrast to the lecturer for Subject A, the academic teaching Subject B responded to the two or three main points of confusion that were most frequently raised by students through the MPs.  The response of B tended to be approximately five minutes worth of time at the beginning of the next teaching session was devoted to re-capping on the most confusing points from the previous teaching session.  This is the approach to responding to MPs that appears to be commonly used (Chizmar and Otrovsky, 1998) and that is recommended by Angelo and Cross (1993).   
The third academic (Subject C) responded to nearly every single question raised by the students by structuring or fundamentally restructuring subsequent teaching sessions.  For example, the lecturer devoted 45 minutes of a tutorial following the assessed lecture to reviewing and discussion on the questions raised by students in the MPs.  In the case of the most frequently raised questions, on several occasions the lecturer for subject C revised and redelivered that aspect of the lecture.  He also altered the structure of his lectures, in response to the insight he received about his students’ thinking process, so that the students would be able to better follow and comprehend the content of the lecture.  

Between 2005 and 2006, subjects A and B had undergone substantial change in delivery (ie. new lecturers, new content or material, new assessment approaches).  As such, we were unable to make a valid quantitative comparison for A and B between student performance in previous years (without the use of Minute Papers) and student performance in 2006 (with the use of Minute Papers).    The comprehensive response of the lecturer for subject C, and the lecturer’s agreement to teach and assess in line with 2005, however, generated some of the most compelling quantitative findings for this study.  We report these findings in detail below.  
A Quantifiable Effect
In support of the research project, the lecturer for subject C agreed to assess the 2006 students in a way that closely mirrored the assessment regime for 2005.  For example, the wording and conceptual requirements of the main assessment tasks for this subject were replicated from 2005 to 2006.  Only minor changes were made, for example, to values or parameters so that the numerical answers for each assessment task would differ between the years.  This allowed for a comparison to be made between student performance in 2005 (where MPs were not used), and student performance in 2006 (where MPs were used to inform substantial change in the mode of delivery).  The average Weighted Average Mark (WAM) of the students who were enrolled in Subject C in 2005 was 60.4.  The WAM of the students who were enrolled in the subject in 2006 was 59.9.  Therefore it can be seen that there is no difference between the broad academic standings of the student groups. 

First Assignment

The first assignment for Subject C was based on the first four weeks of the course.  Student marks on this assignment allowed for a direct comparison between the years 2005 and 2006 as MPs were not used with either group prior to week four.  The assignment was a group task, class time was used to complete the assignment, and the same assignment was set for two years running (2005 and 2006). Table 2 and Figure 2 show the marks achieved by students in 2005 and 2006.  The average mark was 6.64 in 2005 and 6.62 in 2006 (marks are out of 10).  There was no significant difference (at p(0.01) between the average marks for students in each cohort.  This supports the comparison of WAMS in demonstrating students in each year group were performing at a similar academic level.
Table 2.  First Assignment Results for Subject C (2005 vs. 2006)

	Assignment Result (out of 10)
	2005
	2006

	4
	0
	0

	5
	0
	3

	6
	4
	7

	7
	7
	4

	8
	0
	2

	9
	0
	0

	Average Mark
	6.64
	6.62
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Figure 2.  Comparison of Subject C Assignment Results between 2005 and 2006

Mid-Session Examination
The mid-session examination was based on the subject content taught during the first half of the course.  The same exam was given to students for the 2005 and 2006 cohorts, and MPs were used in the four lectures leading up to the exam for the 2006 group.  Table 3 and Figure 3 show that students’ results in 2005 and 2006 were strikingly different.  The average result in 2006 was 61.4% and this varies considerably from the average mark achieved in 2005 (38.5%).  Statistically, the results achieved were significantly different (p(0.01).
Table 4.  Mid-Session Examination Results for Subject C (2005 vs. 2006)
	Mid-Session Result (out of 100)
	2005
	2006

	20-29
	3
	0

	30-39
	1
	1

	40-49
	6
	3

	50-59
	1
	2

	60-69
	0
	3

	70-79
	0
	2

	80-89
	0
	2

	Average Mark
	38.5
	61.4
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Figure 3.  Comparison of Subject C Mid-Session Results between 2005 and 2006
The findings reported in Tables 2 and 3, and Figures 2 and 3 are striking.  Particularly, the generation of a statistically significant difference between the mid-term examination results for each group given the relatively small numbers of students in each cohort.  We acknowledge that there may be confounding factors that contributed to this result (eg. black market copy of the mid-term exam; unintended variation in the approach to marking between years).  However, the commitment of the lecturer of subject C to standardising the assessment approach, and alteration to the numerical values in the exam will have mitigated these possibilities to some extent.  Our quantitative findings in the case of subject C offer a compelling argument in favour of further investigating the use of MPs in Engineering. 
Summary and Recommendations
The use of Minute Papers (MP) in Engineering was studied and several interesting outcomes were generated.  
Student responses to minute paper questions varied in terms of the quality of the response (level of detail and specificity) and the number of responses generated week by week.  If students feel that they can have a positive affect on their learning outcomes and can benefit from the MP immediately they will be encouraged to participate effectively.  This indicates that the process and prompt questions may need to be trialled and tailored to the needs of the lecturer and students, and that students might respond only under some conditions (eg. struggling with content, confident that the lecturer will respond).  

Academics also interpreted and responded in quite different ways to the feedback generated from MPs.  These responses varied from a basic response that followed Angelo and Cross’ format (1993) to more detailed response.  The more detailed responses meant that MP feedback was used to fundamentally alter teaching practice to better assist the students’ learning (eg. the academic giving more real-life examples, spending time deriving important equations, or altering the way lectures were formatted and delivered).  In this study, the most comprehensive restructure of teaching approach and content delivery appears to have contributed to a statistically significant improvement in mid-term examination performance in the group of students who participated in the MP study.  

The MP offers a quick, simple means for academics to gather ideas and feedback from students to improve learning in-train.  The flexibility of the technique suggests further particular applications.  As was the case with Subject C, the MP appears an effective tool for reorganising a subject that suffers poor student performance (eg. high failure rates) or that is relatively new to the program (eg. subject C was in its second year of delivery).  The MP may also be a useful tool for exam preparation.  In this way it could be used to assist students in reflecting on what they learnt over the duration of a subject, and allow the lecturer to focus revision tutorials on those aspects which students are still uncertain about.  
Through our research we have shown the MP is a simple and effective Classroom Assessment Technique for use in Engineering subjects.  The tool effectively assists communication in the classroom between the academic and students, and our findings support the idea of further research into the use of Minute Papers in the Faculty of Engineering at the University of Wollongong, and more broadly amongst the engineering education community.  
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