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Abstract: A novel assessment method, specifically developed for complex open-ended design problems, has been developed and implemented in courses across all years of an engineering undergraduate program. The method has been in place for a number of years but to date no attempt has been made to investigate its acceptance by students, nor how effective it is in directing student attention towards the sorts of goals that academics perceive as being important in a university education. To address this, an on-line survey into student attitudes towards the assessment method was carried out on undergraduate and masters students undertaking an environmental modelling course. In addition to open-ended questions that allowed students to comment on the method and suggest improvements a series of 19 questions probed attitudes towards assessment, excellence and the importance of student performance. Results indicate a mature attitude towards assessment and show the importance of student acceptance of the assessment method. The study shows that students are responsive to new forms of assessment, particularly when they see it being representative of how their work will be judged in the workplace, and also like the opportunity to work on open-ended, complex problems which they see as being more representative of their future work as engineers. 
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Introduction

One of the key attributes that engineering lecturers would like to impart on their students is the ability to tackle complex open-ended problems and to develop viable and innovative solutions to such problems. This is true, even in the early years of the engineering program, well before the students have been introduced to the design skills necessary for engineering structures, components or systems. For this to occur there are essentially two complementary issues: the setting of such problems as part of the degree program, and the assessment of the student submissions. This paper is primarily concerned with the latter, as the importance of assessment as a driver of student learning is well established (e.g. Kniveton, 1996). In fact, some have gone so far as to suggest that the form of assessment is the only variable that teachers have to control student attendance and study (Michael, 1991). The increasing emphasis on quality of teaching audits is also leading to attention being focussed on assessment methods and student perceptions of them (Palmer, 2000; Palmer, 2004). Kniveton (1996) argues that it is not so much whether the students like the form of assessment, but how they view the perceived strengths and weaknesses of the various methods that is important.

In previous papers (Oehlers, 2005; Oehlers and Walker, 2006) a sequential assessment procedure was outlined that was designed specifically to deal with complex open-ended designs. The key features of the method are multiple requirements for any assessment and a deliberate move away from assigning a certain number of marks to a particular aspect of the submission. For example, in the assessment there are no marks for presentation per se, instead students must perform to a particular level across a wide range of aspects of the design task. The procedure will be outlined in the next section. If one studies the procedure it becomes evident that it is driving students towards solutions that show high levels of information synthesis, analysis, understanding, and (where possible) innovation. These are the characteristics that one would like to find in a report and correspond to the higher levels of learning as described in Bloom’s (1956) taxonomy.

The assessment method has been in place for a number of years but to date no attempt has been made to investigate its acceptance by students, nor how effective it is in directing student attention towards the sorts of goals that academics would perceive as being important. The aim of the current paper, therefore, is to report on student attitudes towards the assessment method and to determine if its acceptance is important if it is to be successful. The focus of the paper is a survey that was carried out on fourth year/masters students in a environmental modelling elective. Before details of the survey are presented, a brief description of the assessment method will be given.

Sequential Assessment of Engineering Design Projects

The sequential assessment approach (Oehlers, 2005; Oehlers and Walker, 2006) was developed to assess the student’s ability as a problem solver. It is based on the belief that the main purpose of a university education depends on the following attributes which are given in order of increasing importance:

· learn the fundamental principles;

· learn to learn; and

· learn to think.

The sequential assessment approach is summarised in a brief example (see Table 1) used to assess second year designs where the above attributes are highlighted in the top row and the corresponding grades in the left hand column. Table 1 can be interpreted in terms of the attributes in the top row: if all the student is capable of doing is to ‘blindly shove numbers into equations’ then the highest mark the student can achieve is 49% (that is at the right hand side of the range of the row marked F (30-49)) which is in line with the right hand side of ‘Learn the Fundamental Principles’ column. If, however, the student shows a sufficient grasp of the fundamental principles to be able to determine where and how they should be applied then the student has learnt how to apply the fundamental principles and can achieve a mark in the range shown as C (65-74). To achieve a higher mark in the range D – HD (75-100), the student has to illustrate a depth of understanding, that is the ability to think.

Table 1 Sequential assessment table for marking a second year design.

	Grade (%)
	Learn the

Fundamental Principles
	Learn to 

Learn
	Learn to 

Think

	
	minor grasp of problem or lack of understanding
	acknowledgement of general requirements 
	application of requirements
	determination of requirements to solve problem
	depth of 

under-standing
	originality of thought

	HD(85-100)
	Above Distinction because of signs of originality of thought in tackling open ended problem which has been explained through deep reasoning

	D (75-84)
	Above Credit due to showing depth of understanding in tackling open ended aspect of design problem through deep reasons
	

	C (65-74)
	Design according to the book but lacking reasons or giving shallow reasons ( base line)
	
	

	P (50-64)
	Below Credit because of minor errors or omissions
	
	
	

	F (30-49)
	Below Pass because of significant errors or omissions
	
	
	
	

	F < 30
	Major errors or omissions common
	
	
	
	
	


An alternative way of describing Table 1, which can also be used as a mark sheet, is to consider the requirements shown in italics between the left hand column and the top row. The base line is shown shaded and is a Credit. If the student does a design ‘according to the book’, that is in a prescriptive fashion, then that student may attain a Credit. If there are minor errors or omissions then this reduces the mark to a Pass and if there are major errors or omissions then the student may Fail. In contrast, if the student does a basic design which is worthy of a Credit but also discusses the results by giving reasons for characteristics observed such as the mechanics behind an observed variation then the student moves into a Distinction. To achieve a High Distinction, the student needs to exhibit some originality which is explained through reasons such as adapting the standard analysis, using new forms of structures and giving new reasons for variations. It can be seen that to achieve the attribute to ‘learn to think’ the student must be able to illustrate the ability to reason. It may also be worth noting that the quality of the presentation of report is not directly shown in Table 1. However, the quality of the presentation determines the position within the range of marks that the student has attained. For example, if it has been decided to give the student a Distinction for showing depth of understanding then the quality of the presentation of the report determines whereabouts from 75% to 84% the student’s mark lies.

Case Study – Environmental Modelling, Management and Design

Environmental Modelling, Management and Design is offered as an elective to 4th (final) year undergraduate and Masters level students in the School of Civil and Environmental Engineering at the University of Adelaide. The final year and Masters courses share a common 2 hour teaching period each week, with one additional contact hour per week for the Masters students. In 2006, there were a total of 26 students enrolled in the course, including 14 final year undergraduate and 12 Masters level students.

Course Details

The focus of the course is environmental decision-making, including the development and use of models to inform decisions, multi-criteria decision analysis and how to deal with uncertainty in the modelling and decision-making processes. The model development component of the course covers both process- and data-driven models, as well as the use of appropriate tools at each stage of the model development process (i.e. model specification, calibration and validation). Particular attention is paid to the use of different optimisation methods for model calibration, including genetic algorithms, ant colony algorithms and gradient methods. The detailed course learning objectives for the Masters level course are given in Table 2.

Table 2 Learning objectives for Environmental Modelling, Management and Design.

	No
	Learning Objective

	1
	To gain an understanding of the decision-making processes that surround engineering projects

	2
	To learn how to make decisions related to engineering projects under uncertainty

	3
	To become familiar with and understand the steps in the model development process

	4
	To gain an understanding of how modelling fits into the overall decision-making process

	5
	To become aware of different types of models (e.g. process-driven, data-driven), their advantages, limitations and potential areas of applicability

	6
	To gain an understanding of the processes affecting pollution and how to represent them mathematically, particularly in relation to dissolved oxygen in rivers

	7
	To be able to develop process-driven and artificial neural network (data-driven) water quality models and apply them judiciously

	8
	To gain an understanding of and apply approaches related to the specification of artificial neural network models, such as input determination using partial mutual information, data pre-processing, data division and determination of an optimal network architecture

	9
	To become familiar with different stopping criteria associated with the partial mutual information input determination algorithm

	10
	To gain an understanding of and apply the model calibration process, particularly in relation to the use of gradient and evolutionary optimisation methods, such as genetic, ant colony optimisation and shuffled complex evolution algorithms and how to apply them to process-driven and artificial neural network (data-driven) models

	11
	To gain an understanding of the impact the parameters that control the behaviour of the above optimisation algorithms have on algorithm performance

	12
	To become familiar with Bayesian approaches to artificial neural network model specification and calibration

	13
	To become familiar with and gain an appreciation of the difficulties associated with model validation

	14
	To become familiar with and apply methods for model validation to both process- and data-driven (ANN) models

	15
	To become aware of the need for the incorporation of uncertainty into models and to gain an understanding of how this can be achieved

	16
	To become familiar with different risk-based performance measures and how to apply them judiciously

	17
	To be able to incorporate uncertainty into environmental models using Monte Carlo simulation and the First-Order Reliability Method

	18
	To become familiar with methods for obtaining optimal risk-cost tradeoff curves

	19
	To become familiar with the concept of Multi-Criteria Decision Analysis and how to apply the weighted sum method

	20
	To be able to incorporate uncertainty into the weighted sum method and use it to assist decision-making


The course is centred around a major project, successful completion of which requires students to meet the majority of the course objectives outlined in Table 2 and the assessment criteria are shown in Table 3. As part of the project, students are asked to make decisions with regard to two proposed residential/industrial developments, which will result in the additional discharge of wastewater into a stream. Students have to choose between four alternatives: (i) both developments should proceed, (ii) one of the developments should proceed, (iii) the other development should proceed, or (iv) none of the developments should proceed. This requires students to develop process-driven (Streeter-Phelps) and data-driven (artificial neural network) water quality models for four reaches of the river in order to assess the impact of the additional waste loads on water quality in the river. The students are provided with sufficient data to enable them to develop the models. However, the parameters of both models have to be determined by calibration. In order to reach their decision, students have to combine the environmental impacts obtained using the models they have developed with economic and social impacts using multi-criteria decision analysis. In addition, they have to consider any uncertainties in the model and multi-criteria decision analysis explicitly using Monte-Carlo methods.

Table 3 Excerpt from sequential assessment criteria for major project (Masters Course).

	Goals/Grade
	F < 50
	P 50-64
	C 65-74
	D 75-84
	HD >85

	Overall decision-making process
	Overall process incomplete and flawed
	Good use of models to aid decision-making, use of one-dimensional criteria
	Good use of models to aid decision-making, explicit consideration of uncertainty
	Additional: in-depth justification for decision made
	As for D

	Specification of process-based and ANN DO models
	Some major errors or omissions
	Some minor errors or omissions
	Well-specified with no errors or omissions
	Additional: assumptions stated and discussed
	As for D

	Calibration of process-based and ANN DO models
	Some major errors or omissions
	Use of single calibration method and/or minor errors or omissions
	Correct use of gradient-based and one evolutionary algorithm, extensive parameter sensitivity analyses, limited comparison / discussion
	Additional: correct use of two evolutionary algorithms, critical in-depth comparison / discussion of methods and impact of parameters on algorithm behaviour
	Additional: Innovative use of gradient-based and two evolutionary algorithms, generalisations drawn from results and analysis

	Validation of process-based and ANN DO models
	Incorrect use of available data
	Correct use of available data, use of single performance measure
	Correct use of available data, use of multiple performance measures, limited discussion
	Additional: in-depth, critical discussion of results
	Additional: Innovative use of available data, comparison with known physical attributes of system

	Consideration of uncertainty
	No consideration of uncertainty
	Single risk-based criterion, no discussion of results
	Single risk-based criterion, detailed discussion of results
	Additional: Multiple risk-based criteria
	Additional: Innovative approach including incorporation of uncertainty in multi-criteria decision analysis, critical, in-depth discussion of results

	Extent of use of scenario analysis for decision - making
	Inadequate scenario analysis
	Consideration of basic scenarios, little discussion of results
	Consideration of basic scenarios, in-depth, critical discussion of results
	Additional: Consideration of a range of scenarios
	Additional: Consideration of an extensive, innovative range of scenarios


The contact hours consist of a mixture of lectures, discussion sessions on key concepts and meetings during which students can discuss their progress and any questions in relation to the project. There are two major assessment tasks, including the final project report (50%, 4th year; 40% Masters) and an exam (30%, 4th year; 40%, Masters). In addition, there are three assessment tasks that are mainly formative, although they count towards a small percentage of the overall mark. These include the development of conceptual environmental decision-making and model development frameworks (3%), the development of a project schedule and timeline (5%) and a draft report that can be submitted at a time determined by the students (5%). These tasks assist the students with tackling the major project and provide valuable feedback in relation to the interpretation of the sequential assessment scheme. All of the assessment tasks, other than the exam, are done in groups of 2 to 4.

Implementation of Sequential Assessment Scheme

The sequential assessment scheme was used for all assessment tasks except for the exam. It can be seen from the assessment criteria, Table 3, that the major tasks corresponding to the learning criteria are listed in the first column, with the corresponding grade descriptors in the subsequent columns. A Credit is taken as the baseline and corresponds to students performing the required tasks competently and without major flaws. For the higher grades, higher-order cognitive skills need to be displayed, including in-depth, critical analysis and discussion of the results obtained as well as evidence of innovation and the ability to make generalisations.

Survey Details

The full set of questions used in the survey are shown in Table 4. The first 6 questions were open-ended ones that required a written response. The rest were agree / disagree type questions that were marked on a 7 point Likert scale (1 = strongly disagree, 2 = disagree, 3 = mildly disagree, 4 = neutral or no opinion, 5 = mildly agree, 6 = agree, 7 = strongly agree). In the analysis broad agreement was determined by summing all responses of 5 or over (mildly agree to strongly agree). Although the questions can be separated into groups they were administered in this order as a reliability check. One question (“The marks I get are unimportant to me.”) was deliberately worded in an unexpected way to ensure that the students were reading the questions carefully. The survey was administered on-line on a voluntary basis using the Respondus survey / exam computer package. Students were made aware of the survey and asked to participate. They were told the survey was anonymous and that it was not compulsory. Students were given two weeks in which to complete the survey.

Results and Specific Outcomes of Survey

Of the 26 students in the class, 15 (57%) took part. The open ended questions brought a range of answers, some of which are quoted here. In general the students show a pleasing depth of thought in their replies, and an understanding of the whole learning process.

Open Ended Responses

Question 1 Given that it is designed to assess open-ended problems, what are the positive elements of this sequential assessment scheme?

· That it allows the members of a group to feel confident that they can obtain a good mark that is based on the process and methods they have gone through, rather than if the final answer is correct.

· It creates an environment where students must actively learn and seek out questions to ask of their teachers and supervisors. If the methodology rather than final answers is important, then I believe this assessment scheme is quite effective.

Table 4 Survey questions and a measure of broad agreement in the student responses.

	
	Question


	Broad Agreement

(%)

	1


	Given that it is designed to assess open-ended problems, what are the positive elements of this scheme?
	-

	2


	Given that it is designed to assess open-ended problems, what are the negative elements of this scheme?
	-

	3


	If you think that the assessment scheme is an important part of a subject, what reasons would you give for this opinion?
	-

	4


	If you think that the assessment scheme is an unimportant part of a subject, what reasons would you give for this opinion?
	-

	5
	Do you believe that training students in problem solving is important? Please give reasons.
	-

	6
	Can you suggest any changes or improvements to the current scheme?
	-

	7


	I understand the sequential assessment procedure that is being used for the project / design component of this subject.
	87

	8


	I believe the sequential assessment procedure will give a fair representation of the work I do in the project.
	80

	9
	I like the sequential assessment procedure, as I think it rewards good work.
	80

	10


	I like the sequential assessment procedure because it gives me a clear indication of what to aim for in this project.
	80

	11


	I would prefer a marking scheme that awarded certain marks for each component of the submission rather than this sequential assessment approach that looks at a broad range of aspects together.
	47

	12
	I am happy that a new marking scheme has been developed for use in this subject.
	73

	13


	I believe that a well presented report that shows relatively poor problem solving skills should receive a similar mark to a poorly presented report that shows good problem solving skills.
	7

	14
	The method of assessment will drive the way I work in this subject.
	86

	15
	It's good that the university is taking more interest in student views on teaching.
	100

	16
	I would like more projects where there is a simple un-graded pass / fail result at the end.
	21

	17
	The marks I get are unimportant to me.
	29

	18


	I like to be given clear guidelines on what is required to attain a certain grade in my project or design.
	93

	19


	I believe this form of sequential assessment is more relevant to me as it is a better indicator of how my work will be judged in the workplace.
	86

	20


	I like forms of assessment that the university believes are superior, rather than ones I might think are easier.
	71

	21
	The assessment method will affect the way I prepare my work and final report.
	79

	22
	I work to an in-built standard and don't worry too much about the assessment details.
	50

	23
	Having the assessment scheme at the start of the semester will help me as I prepare my work.
	93

	24


	I like the opportunity to work on open-ended problems because this is likely to be good training for my professional life.
	93

	25


	I like the opportunity to work on open-ended problems because it gives me a chance to develop my own solutions.
	100


Question 2 Given that it is designed to assess open-ended problems, what are the negative elements of this sequential assessment scheme?

· Assessment can be vague, with little direction on scope for improvement

· Less clear cut about how to obtain high marks.

· Perhaps lacks some guidance given that many engineering students will be compelled to question what answers they should be getting.

· It is too open. If the students don't fully understand the requirement, it is easy to write something irrelevant.

Question 3 If you think that the assessment scheme is an important part of a subject, what reasons would you give for this opinion?

· The assessment scheme is important because this drives the work from the student. If the assessment doesn't reflect the amount of work required properly then the interest and happiness of the student will fall.

· The assessment scheme can be considered important assuming students will do what is best for them and assuming students discount the future. Students will maximise marks while reducing effort - therefore assessment scheme will, in general, be followed to the letter. No more, no less (based on the students aims in marks and abilities etc) Therefore, if the School/criteria setter is to want the best for students, given the assumptions above, he will set criteria that will most benefit students. In this case, the Sequential marking scheme is very beneficial.

Question 4 If you think that the assessment scheme is an unimportant part of a subject, what reasons would you give for this opinion?

· I think that understanding of the subject is more important than marks, however I understand the need for testing the understanding, and I do think it is a better assessment method to base understanding on a project over the semester than one exam for two hours or so.

Question 5 Do you believe that training students in problem solving is important? Please give reasons.

· Yes - open ended problems are what we face in a work environment, so we need to be adapted to this nature of problem to be successful out of uni.

· Yes, very important! A bunch of graduate students who can only tell you the theory but can't actually solve the problem are useless.

Question 6 Can you suggest any changes or improvements to the current sequential assessment scheme?

· Perhaps offer at least one assignment or small project during the course that does not involve an open ended problem but rather a strict set of activities to be completed. This then perhaps offers a contrast in the two approaches and may placate students who do not like open ended problems.

· I'd have to do a few more subjects like it to be sure about my answer to this question.

· It is good. But as I mentioned before, it lists too much details about the assignment, which adds a lot of work load on students, as we try to include everything in the assignments. I would rather to learn something a little bit less, but firmly.

Multiple Choice Responses

Although there are many ways to present the multiple choice type answers, the responses are sorted in order of broad agreement (sum of Likert scores of 5 to 7). In this way a number of conclusions can be drawn. 

90 to 100% broad agreement

From Table 4 it is evident that there were 5 questions that scored 90% or greater on broad agreement. They confirm that students do take note of the assessment method, in this case to set a standard required for the sort of grade they want to attain, and as a guide to what is required in general. It is also clear that it is important to include students in discussions on assessment and make them feel part of the operation. This can have benefits far beyond the class itself as Mayo (1933) found in an industrial setting where worker output was related to them feeling part of the operation rather than simply as labour to be used by management. Interestingly, despite the problems and uncertainties of working with open-ended problems, the survey shows that the students actually like this sort of exercise.

80-89% broad agreement

The high level of broad agreement on the questions related to understanding and accepting the assessment method is pleasing. The students are not only taking note of the method, but also making the connection between the assessment and the quality and value of their work. This is important: it means they will take the tasks seriously and put in the required effort. Mitchell et al. (2004) came to a similar conclusion in a study of students undertaking anatomy classes – those with the highest support for the material being presented finished up with the best marks.

70-79% broad agreement

Three of the questions show some variation in the support for the assessment method. Despite showing over 90% broad agreement for a similarly worded questions to the first two, support is not so forthcoming for these.

50% and less

The questions in this category were included to measure broad disagreement rather than broad support so the low figures for broad agreement are to be expected. For example, there was 86% broad disagreement (summing responses of 1 to 3) for Q13 on the merit of  presentation quality versus solution quality. This is significant because in many standard marking schemes it is possible for marks for presentation to make up for a reduction in marks for the final solution and the students are rightly wary of this occurring. There is also support for assessment schemes that give graded results rather than a simple ungraded pass.

Discussion and Conclusions

The survey on the acceptance and understanding of a new assessment method has highlighted a number of features of student learning. Some might have been expected  based on previous research, for example the importance of assessment in driving student learning, but some are unique to the present study and show a maturity in student attitude towards assessment which is very pleasing. 

Despite the inherent uncertainties of open-ended designs, the present study has shown that students value these sorts of problems as they see them as being more realistic and more relevant to their future careers. Having accepted the need for open-ended problems, it is then up to academics and teachers to implement assessment schemes that reflect the general aims of this type of problem, where there is not just a single correct answer but where the process and the level of understanding displayed by the student are crucial. In the written responses to the open ended questions many students made exactly this point. As might be expected, not everyone liked or even appreciated the new method but overall it can be concluded that it was understood and accepted.

The assessment criteria are important because not only do they enable problem solving abilities to be assessed, but they also make it clear to students what is expected of them. In addition, by placing the responsibility of demonstrating that certain criteria have been met on the students, the assessment scheme fosters independent student learning, as indicated by the following student comments from a separate course evaluation that was carried out:

· Encourages understanding of the subject over rote learning

· Promotes a style of study that requires the student to investigate all available options and areas. Also promotes students to gain a more in depth understanding of a certain academic realm, and to recognise the important parts/areas independently.

· Pushes students to work ‘outside the square’

· Creates an environment where students must actively learn and seek out questions to ask of their teachers and supervisors

· Develops creative thinking – better problem solving skills

The approach of using open ended problems in combination with the sequential assessment scheme challenges students to achieve higher order learning outcomes. This is because the theory is presented in an applied context in lectures, but it is up to the students to make the connection between the theory and the specific problem they are working on. This way, they will be able to apply the concepts and tools to other problems in the future because they have forged the pathway to the solution, rather than following step-by-step instructions. The following student comment captures student sentiment to this approach after they have completed the course:

· I feel you should use sequential assessment for all subjects if possible. It's tough - it can be bloody tough - but it will make us far better graduates.

Student perception that deeper learning outcomes had been achieved is also reflected in a score of 6.4 out of maximum of 7.0 in response to the statement ‘This course helps me develop my thinking skills (e.g. problem solving, analysis)’as part of the Student Experience of Learning and Teaching Survey, with 100% broad student agreement.
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