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Abstract 

This study investigates an inclusive curriculum design based on student-centred approach. This proposed 

design approach has been applied to Open Channel Hydraulics module (CSE6008-A) at School of 

Engineering, University of Bradford, United Kingdom. This paper will introduce in step-by-step manner the 

full curriculum design and how the student-centred approach is being adapted in each step of the design. The 

required criteria will be designed based on learning outcomes design, curriculum organization, assessment 

strategies and student achievement evaluation. Besides, a key discussion will also be allocated for the 

inclusive practice that allows the vastly diverse student group to benefit from this approach, and a separate 

section will also be utilized to fully discuss this inclusive approach in the proposed curriculum design. This 

paper proposes a useful student-centred curriculum design concept, which is adaptable for different 

engineering modules.    
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1. Introduction 

According to study by Harris [1], the mis-match in skill profile has become one of the key factors for 

engineering graduates to struggle in industry’s recruitment. This suggests that a well-designed module 

learning outcomes is significant in dictating an engineering student’s future career. For effective design of 

the course, suitable and achievable learning outcomes for students are needed. To measure the achieve-

ability of the learning outcomes, Biggs and Tang [2] proposed the constructive alignment in teaching, in 

which all teaching and assessment strategies are suggested to be aligned with the learning outcomes. 

In this paper, the teaching of Open Channel Hydraulics (OCH) module’s curriculum design will be examined 

and evaluated to determine its suitability under the inclusive educational practice. The module has been 

taught to the Stage 3 (Level 6) student under the Frameworks for Higher Education Qualifications (FHEQ). 

It has been run by the Department of Civil and Structural Engineering at School of Engineering, Faculty of 

Engineering and Informatics, University of Bradford. OCH is a crucial theoretical- and application-based 

module which aims to enhance students’ hydraulic and hydrological knowledge. Along with Structural and 

Earth-Science based subjects in Civil Engineering, OCH represents an important module to prepare students 

for possible future career in hydraulic, hydrology and environment related sectors, and to widen their choice 

of career. However, unlike the traditional Structural and Earth-Science related modules, OCH faces many 

challenges in its design and implementation, e.g. to maintain its link with other existing modules, while 

design it according to the suitable knowledge level for Stage 3 students. Due to this, careful curriculum 

design was required. 

2. Learning Outcomes Design and Implementation 

To start the OCH module design, the identified learning outcomes were communicated and discussed with 

academic and industrial colleagues who have years of experience in the hydraulic and hydrology 

teaching/consultancy. The previous Staff-Student Liaison Committee (SSLC) and examination histogram 

reports were also investigated to identify the student feedbacks and performance, respectively, for possible 

improvements in learning outcomes design. An OCH teaching model from University of Leeds was also 

used as one of the guidelines for designing my module’s learning outcomes [3]. 

First of all, since this module was designed to be taught to Stage 3 students, the module learning outcomes 

were structured to meet their adequate level. Students at similar level are expected to achieve a good in-depth 

understanding in hydraulic principles of free surface flows and to solve the practical engineering problems. [3] 

This poses a challenge as key attention should be given to the detailed technical designs and calculations, 

which students have not been very much exposed to prior to this stage of their degree. However, the effective 
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utilization of laboratory-based lesson together with tutorial sessions in this module helped them to 

understand the key calculations and application concepts more effectively and less time-consuming. 

YouTube and engineering videos has also been used to give students good visualizations of various key 

hydraulic flow concepts and to strengthen their understanding of OCH. 

Compared to typical fluid-based subjects e.g. Fluid Mechanics (FM), the scope of this OCH module is 

narrower but deeper. Besides focuses on the fundamental free surface flow aspects, OCH also emphasizes 

the hydraulic design and application components. Thus, it provides an ideal platform for students to develop 

necessary technical skills and build their skills profile, which is aligned with the expectation of their future 

employers. Students would also develop experimental skills in their laboratory session that could help in 

their future field work as engineer. Students were given a wide range of literature and reading materials in 

this module to further support their self-study, which classified as directed study. Besides, various support 

actions, e.g. class discussions and tutorials session, were also given to students to improve their learning and 

help to achieve the learning outcomes. 

3. Curriculum Organization  

It is a difficult task to maintain students’ attention during any large class lecturing as investigated and agreed 

by Mann and Robinson [4] who found in their study that almost 98% of students bore at least some or half of 

the time during lecture. This further consolidates the need for change in traditional engineering teaching and 

learning (T&L) classes, since high quality students’ learning depends on the teaching quality as suggested by 

Dickens and Arlett. [5] Besides, it is also crucial to always emphasize and maintain the student-centred 

approach in teaching as agreed by Ramsden’s third level of thinking for teaching. [2,6] In other words, in 

order to maintain a student-centred approach in teaching, lecturer must facilitate the learning to take place 

and the class should be structured in a way that students can dictate the pace, e.g. by focusing on ‘what the 

student does’ as suggested by Biggs and Tang. [2] 

In the design of curriculum for OCH, the key students’ learning stimulator came from three key elements: 

the laboratory session, guided tutorials, and restructured lectures. Since this module only had a two-hour slot 

per week, all learning activities had to be organized efficiently. More specifically, the lectures were carefully 

designed to include more concise theories and calculation/worked examples, where the heavy derivation of 

formulae and long theoretical concepts were reduced or omitted. The lectures were also linked tightly with 

the laboratory and tutorial sessions, in which students could visualize the learnt theories and practice the 

conceptual designs and calculations.    
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In terms of organization of module, students were taught with the basic and general hydraulic knowledge 

during the early weeks of the term. Those lectures were mostly consisted basic ideas of design and straight-

forward calculations. Various visualization techniques, such as videos and clips, were also used during this 

stage (more heavily used in this period, but also used throughout the module term) to stimulate students’ 

attention and understanding. In those early lectures, the basics for further and deeper computational concepts 

were seeded into students during their learning. To facilitate good students’ learning and to promote the 

deep-learning among them, the deeper concepts of hydraulic computation were systematically introduced to 

them in the later weeks of the term with right pace. This was supported by the tutorial and laboratory 

sessions, where 1) the tutorial sessions help students to refresh and practice the hydraulic calculations and 

designs they learnt during lectures, and 2) the laboratory session helps them to relate learnt concepts with the 

physical flow phenomena and to let them apply the concepts directly to compute those phenomena. The 

outcome on students’ learning using such approach is encouraging, where positive feedbacks from students 

were given during the SSLC meetings.  

This module was assessed in summative manner by a final examination. Before the examination, two fully-

supported lectures were used for the revision purpose. In the first revision session, the basic concepts and 

designs introduced in this module were revised. During this revision session, small worked-examples were 

used to re-consolidate and refresh the concepts students learned before. In the second revision session, a 

previous-year examination paper was fully discussed with the students in question-by-question manner. 

Unlike the tutorial, in this second revision session students were encouraged to solve the questions by 

themselves (rather than to discuss with their classmates). After given time for them to solve each question, 

the full solutions would also be presented and discussed with them. Students found these revision sessions 

very useful for their preparation of final examination as indicated in SSLC meetings.  

Overall, the organization of teaching sessions and curriculum varied throughout the term, to support 

maximum learning outcomes from students. Sufficient contact hours in well-designed manner to facilitate 

the students’ learning and needs, were supported by the students’ self-study (directed study) hours. As 

reflected in SSLC discussion and final examination results, in which it was evidenced by the increase of the 

mean examination mark from previous year by about 3.5 marks and pass rate increased by about 10% during 

my first year took over as the module leader, the proposed method worked well. The main challenges faced 

in the design of this module’s curriculum were to balance the time available and module contents, while 

balancing with the students’ learning pace. The combination of lecture-tutorial-laboratory were useful to 

have coupling and multiple-dimensional teaching to fully facilitate the students’ learning, and it was also 

found that this coupling method help to cover the module contents more efficiently as students’ 
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understanding increase while promotes students’ deep-learning approach. The overall organization of 

curriculum will also need continual reviewing in every academic year to ensure the module deliverables and 

quality are maintained and even improved, where possible. 

4. Inclusive Practice 

The students’ diversity has long been recognized as one of the utmost identity of the UK’s universities. Each 

year at University of Bradford, the undergraduate student cohort, e.g. for Civil and Structural Engineering 

Department, is comprised from hugely diverse backgrounds, experiences and nationalities, mainly due to the 

oversea students’ recruitment strategy. Thus, crucial attention has to be given to inclusive practice in the 

design of OCH curriculum. There are several researchers who have considered the inclusive and diversity 

issues in T&L. Grace and Gravestock [7] provided a multi-dimensional study of students’ inclusivity in T&L 

for the Higher Education (HE). Anderson [8] has considered global diversity in learning, in order to achieve 

the ‘knowledge inclusion’ in between the HE sector and industries. Wolffram et al. [9] have more specifically 

investigated the gender barrier and inclusivity issues in engineering studies. All the above studies have 

concluded that inclusivity in HE T&L is an important yet hard issue to tackle, and the current global HE 

system needs further improvement to handle it.  

In the current discussed OCH module, students were taught from the basic concepts of FM, which was 

required for the further designs and calculations in the later part of this module. Due to the students’ diverse 

backgrounds and knowledge, no prerequisite was set for this module. This increases students’ inclusivity to 

the module, but it also means that the contact hours should include the teaching of basic FM concepts. In this 

module, tutorial sessions have been utilized to discuss some of the basic FM designs and calculations at early 

of the term-time to give students better understanding on those concepts and to increase inclusivity of 

students from different backgrounds. The laboratory sessions for different group of students were run in 

mixture of male and female students, and the tasks were divided into physical works and laboratory 

calculations to make sure no students will be disadvantaged from the laboratory setting. At the inter-sections 

of the laboratory, student groups with different tasks would also discussed with each other about their 

respective findings.  

In terms of learning process, most students tend to learn in a four-stage cycle (1. Concrete Experience - CE, 

2. Reflective Observation - RO, 3. Abstract Conceptualization - AC, and 4. Active Experimentation - AE) as 

suggested by Kolb [10]. Even though it was a high-impact study, there were also several criticisms to the 

Kolb’s cycle i.e. by Wierstra and de Jong [11], and Coffield et al. [12] Coffield et al. [12] summarized numerous 

criticisms on the perfectness of Kolb’s model; while Wierstra and de Jong [11] proposed a one-dimensional 
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bi-polar model (reflection versus doing) as a substitute to the four-stage cycle. In the summary given by Kolb 

and Kolb’s [13] factor analysis study using 17 different publications on the supportiveness to Kolb’s model, it 

was found that seven studies supported; four mixed supported/criticized; and six did not support the Kolb’s 

theory. As a concluded from afore studies, students’ learning can occur in all or a single phrase in the four-

stage learning cycle. Thus, all different stages of the learning cycle should be emphasized in the T&L 

strategy to facilitate the maximum and complete learning for students. In OCH module, students were taught 

by several different methods (including lecturing, experimenting and discussing) each complementing others 

to achieve maximum learning outcomes among students from different backgrounds and to completely cover 

all four phrases in the learning cycle proposed by Kolb’s model. Lecturing can promote the 

conceptualization (AC) of the hydraulic and hydrology theories; discussion during the tutorial sessions can 

enhance the students learning by observations and reflections (RO) among classmates; and experimentations 

during the laboratory works can help students to experiment (AE) and hence achieve the required hand-on 

experiences (CE) that were useful for the understanding of the concepts and designs taught in OCH lectures. 

This complete teaching method can inclusively promote learning among the diverse cohort in OCH module. 

5. Assessment Strategies 

According to Maclellan [14], there are different perceptions from tutors and students in terms of the 

assessment for students’ learning. In Maclellan’s study, 80 faculty staff and 130 undergraduate students were 

surveyed for their experience in course assessment. The study revealed that majority of students took part 

thought assessment was an educational grading process; while their tutors thought that it is a process to aid 

students in their learning. Houghton [15] further investigated the assessment techniques for engineering 

students in HE and summarized that 1) the feedback and 2) the relevance of assessment materials to real-

world engineering issues were crucial elements for successful assessment of students’ learning.  

In the context of OCH module, final examination was use as the summative assessment due to the module 

are mainly mathematical and calculative-based. It was a two-hour closed-book written examination that 

consisted four questions in Section A (students had to choose two of them to answer) and a compulsory 

question in Section B. The use of standard scientific calculator was permitted in the examination as it 

consisted high-level of calculative-based questions. It aimed to test students’ understanding on various taught 

topics and calculative concepts (as prescribed by the learning outcomes). To promote the student deep-

learning, all main taught topics were embedded into questions in Section A (without exclusion), and the 

laboratory works were tested in the compulsory question in Section B.  
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Besides, a formative assessment was also utilized for this module in its laboratory session. During the 

laboratory class, groups of students were required to measure experimentally the characteristics in different 

types of flow setting. Then, they were required to use their respective measurements to calculate each flow 

behaviors. Through this, they can apply what they learn in the lectures into real engineering practice as 

emphasized by. [15] Also, this would prepare them to answer the compulsory question in Section B of their 

final examination, the summative assessment. After they completed their calculation tasks, feedbacks would 

be given to each group based on their own calculation. This can improve students’ understanding on the 

lecture materials (since if they have any doubts during lecture, they can visualize the flow concepts in the 

experimental environment), and to immediately and effectively correct their mistakes, if any, in their 

respective calculations and flow designs. This also received good comments from students during SSLC as 

they found this feedback method very effective in correcting their misconceptions or doubts in practical 

(experimental) and theoretical (lecture and tutorial) aspects.  

As outlined by Walker and Palmer [16] and more recently by Bamber [17], there is a challenge in examination 

preparation and how its feedback, if possible, to students can happen. Walker and Palmer’s [16] study showed 

that statistically there was a strong correlation in between students’ satisfaction and understanding on the 

course to their examination performance; while Bamber [17] proposed that the marking transparency can 

improve students’ confidence to the examination. For the OCH examination assessment, general feedbacks 

were reported in the Examination Board for discussion with academic colleagues, and discussed with student 

representatives during SSLC. The correlation of issues, such as attendance, students’ understanding during 

tutorial and laboratory sessions, to their examination performance were fully exploited during those 

meetings. During the SSLC occasion, feedbacks from students were also discussed for possible further 

improvement of the module’s assessment method. Besides, the histogram of the examination results was 

compared to that of the previous year to identify the key improvements in assessment strategy. 

6. Student Achievement Evaluation 

In this OCH module, the final examination accounts of 100% of module mark. It was a reflection from the 

fact that this module is a heavy mathematic-based module where all hydraulic and hydrology concepts were 

taught in the calculative way to promote technical calculative skills among students. The hydraulic design 

theories taught in this module were also heavy mathematic-based as students were required to show the 

theories in relation to their calculations. Even though examination accounts of 100% of module mark, it was 

aided by several key formative components in this module (e.g. tutorials problems solving exercises, and 

laboratory works).  
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The laboratory session (together with its formative calculation exercises) were used for student to answer a 

compulsory part at the examination (compulsory question at Section B of the examination). To further 

promote the deep-learning among students as suggested by Biggs and Tang [2], the examination is 

constructed in such a way that all parts of the main taught topics were mixed and embedded into all four 

questions at Section A in the examination (so that students can not have any selective learning on the topics), 

and it presented a fairer way to judge students’ progression and achievement for this module. During the 

tutorial sessions, students would be discussing the assigned problems/tasks (calculative or design-based 

questions) with their friends and classmates to promote maximum learning by cooperation among students. 

In this way, the stronger students can help the poorer students as to achieve the aim of learning outcomes and 

maximize the achieved understanding of students. This is also informally used as an indication and 

evaluation for the tutor to construct further and more helpful tutorial materials for improving students’ 

understanding in the following years, and hence improve students’ examination performance. 

7. Conclusions 

In this paper, an inclusive design approach has been proposed for adapting into the Open Channel Hydraulics 

module. The inclusive practice has been adopted into each and every designed element of the module, which 

include learning outcomes design, curriculum organization, assessment strategies and student achievement 

evaluation. The proposed inclusive curriculum design of the module has also been evaluated through 

meetings with students (e.g. through Staff-Student Liaison Committee - SSLC), and positive feedbacks have 

been received. The proposed inclusive method in designing the discussed module can also be applied into 

other engineering modules. 
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