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ABSTRACT 
 

Technology (MEET) maintains a curriculum that is deeply rooted in skills-based learning, 
experiential learning, and engineering design. To ensure our graduates are consistently agile 
and ready for the workforce, we are taking proactive measures to further improve their learning 

perception that program courses have disjointed learning outcomes. In reality, the course map 
of programs is carefully designed in such a way that technical skills acquired in particular 
courses gradually build on each other. Despite the traditional existence of prerequisites and 
co-requisites, the inaccurate view that courses function independently persists among 
students and, occasionally, among faculty members. One feasible approach to tackle this 
pedagogical challenge is to combine various courses into an integrated learning block (ILB) 
having a unified mission and objective. In general, an ILB is formed by the interconnectivity of 
at least two courses. At Sheridan's School of MEET, we are applying an ILB with three 
engineering courses offered within the same semester for all of ou
degree programs. The ILB deliverables are based on the design of a chosen engineering 
system or subunit in a project-based learning (PBL) environment. The rationale of this paper 

 an ILB in engineering programs and to 
examine the opportunities and challenges related to this type of curriculum design. In particular, 
we will discuss the methodology by which courses are selected to form an ILB while taking into 
account their appropriateness for an industry-driven PBL. This will be followed up with some 
of the strategies that are proposed to evaluate the performance of students in an ILB through 
formative and summative assessments based on CDIO competencies. 
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INTRODUCTION 
 
In Canada, a Bachelor's of Engineering (B.Eng.) degree is obtained once students successfully 
complete a specialization program of choice over a duration that is typically four years of full-
time education. In the Greater Toronto Area (GTA), four comprehensive research-based 
universities offer this degree: the University of Toronto, York University, Ryerson University 
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and Ontario Tech University. As of recently, Sheridan is the latest school to offer a B.Eng. 
degree within this region. As a first step, the Mechanical Engineering (PEQAB, 2014) and the 
Electrical Engineering (PEQAB, 2017) degree programs were proposed to the Postsecondary 
Education Quality Assessment Board of Ontario for consideration in 2014 and 2017, 
respectively. Today, both of these engineering disciplines have obtained Ministerial consent to 
offer the B.Eng. degree programs at Sheridan.  
 
What is unique about both of these degree programs is that they were developed with the 
Conceive, Design, Implement and Operate (CDIO) Initiative (Crawley, Malmqvist, Ostlund, 
Brodeur, & Edström, 2014) in mind. Sheridan is the only engineering school within the GTA 
where CDIO is explicitly embedded in its degree programs (Abdulla, Motamedi, & Majeed, 
2019). Practically speaking, this means that our students will focus on analytical skillsets while 
also devoting nearly half of their education time working on hands-on projects in state-of-the-
art labs that are equipped with industry-standard advanced technologies. Setting Sheridan 
apart from other local universities is the fact that, as a polytechnic, the school focuses on active 
skills-based learning, experiential learning, project-based learning (PBL), problem-solving 
techniques, and applied and experiential research. Also, both Mechanical and Electrical 
Engineering students are expected to complete a mandatory four-month internship with 
industrial partners following their second year of study, with the option to complete an 
additional co-op experience following their third year. 
 
Overall, the B.Eng. degree programs at Sheridan consist of fundamental, discipline-related 
and elective courses in Mechanical and Electrical Engineering. Irrespective of the chosen 
discipline, enrolled students will have the option to specialize in either power and energy or 
mechatronics. The overall duration of the program spans four years that are split into eight 
semesters. Throughout the program, students are expected to complete 48 courses or the 
equivalence of 176 credits. It is interesting to highlight that among the Mechanical and 
Electrical Engineering disciplines, nearly half of the courses in the program map overlap. To 
be precise, there are 27 common courses across the two disciplines related to fundamental 
engineering topics, electives and capstone projects. Moreover, within a specific discipline, 
roughly 82% of courses are identical between the two possible specialization streams. A 
summary of the B.Eng. programs offered at Sheridan is outlined in Table 1. 
 

Table 1. Macroscopic view of B.Eng. degree programs offered at Sheridan 
 
 
 
 
 
 
 
 
 
 
 
 
 
Excited by the unique nature of these programs, we are taking proactive measures to deliver 
an exceptional educational program to our learners. Extrapolating from related diploma 
programs, we foresee that B.Eng. students will fall into the trap of looking at the learning 
outcomes of each course offered in the program map in a standalone fashion. This 
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compartmentalized perception of the curriculum is utterly problematic. In reality, the program 
maps are designed in such a way that skill sets, knowledge, and mindsets acquired in courses 
gradually build on each other. Building on the work of Pace (2017), who introduced the notion 
of learning bottlenecks  
courses where the stream of learning  we 
systematically examined places that could potentially emerge as bottlenecks within the 
curriculum and identified a disjointed perception of the program as a potential challenge. This 
bottleneck could be addressed by deliberately integrating the curriculum of courses to explicitly 
pull course subjects that may appear disjointed into a cohesive learning block. Evidently, 
following many data-driven discussions from environmental scans of other programs and with 
a close examination of this potential bottleneck, we, identify the following interrelated 
curriculum development questions that are worthy of careful investigation: 
 

 Beyond registration restrictions stipulated by prerequisites and co-requisites, do 
students understand the interrelatedness of courses from a technical viewpoint? 
Namely, what is the link among engineering courses and to what extent does the 
learning outcomes of one specialized course practically impact another? 

 Do learners have an appreciation for and a grasp of the purpose of non-engineering 
courses (e.g. mathematics, probability and statistics, economics, technical writing) 
required in an engineering program map? In other words, do they see how these 
seemingly tangential subjects will inevitably support specialized discipline courses? 

 Can students connect the relevance of the content acquired in courses to real-world 
engineering problems, hands-on scenarios and application use-cases? That is, do 
students know the reason and the practical benefit for taking a certain course and how 
it all fits in the larger scheme of training the engineers of the future? 

 
One way to tackle these questions is by proposing the implementation of an integrated learning 
block (ILB) in the curriculum. This paper chronicles some of our experience in this initiative by 

CDIO competencies as outlined in the standards in v2.0 (The CDIO Initiative, 2010) and the 
revisions proposed for v3.0 (Malmqvist, et al., 2019). 
 
 
PEDAGOGICAL ACTIONS AND RATIONALE 
 
A feasible way to tackle the conundrum of disjointed courses is to integrate various subjects 
into an ILB (Edström, Gunnarsson, & Gustafsson, 2014). ILBs have the advantage of having 
a unified mission and learning outcomes. Early work on ILBs can be traced back to nearly 
three decades ago, where integrating engineering curricula was considered to support 
students in connecting mathematics, science and engineering together (Froyd & Ohland, 
2005). Although each course in an ILB is unique in scope, students engaged with the various 
courses will gain complimentary competencies across areas of study. In general, an ILB is 
formed by the interconnectivity of at least two courses. At Sheridan's School of MEET, we are 
applying ILBs with three engineering courses offered within the same semester (Rayegani & 
Ghalati, 2015). Since some courses can be integrated more easily than others, we specifically 
designed and developed courses that have synergies and interdependencies amongst them. 
Ultimately, the decisions involved in the selection of engineering courses to integrate and 
curriculum development were mutually agreed upon following careful intradepartmental 
discussions. In such a setting, an ILB committee is formed with multiple stakeholders, including 
(a) the course leads of target courses, (b) the ILB coordinator, (c) the Associate Dean, and (d) 
invitees from the industry. 
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Although in Figure 1, we show the course map for the B.Eng. degree program only in Electrical 
Engineering, a similar setup is also available for Mechanical Engineering. As is obvious, the 
program spreads over four years, during which time major group projects are undertaken. 
Indeed, these projects are conducted using CDIO guidelines, of which Sheridan is a member 
(Zabudsky, Rayegani, & Ghafari, 2014). However, the CDIO competencies are gradually 
acquired based on instructional scaffolding. To be precise, first-year courses will primarily 
focus on I-O; second and third-year courses on D-I-O; and fourth-year courses on C-D-I-O 
guidelines as a whole (Abdulla, Motamedi, & Majeed, 2019). Furthermore, we aim to form at 
least one ILB of 16 credits in each of the first three years, where the complexity of engineer 
design evolves from one CDIO-ILB project to another. To avoid overwhelming students with 
major hands-on group work, we decided to include a gap year between each CDIO-ILB project. 
As a result, these projects are respectively set in term 2 (highlighted in blue), term 4 
(highlighted in orange), and in term 6 (highlighted in green). Granted, in the last year (i.e., 
terms 7 and 8), nine credits are allocated for the capstone project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

Figure 1.  Program map for B.Eng. degree in Electrical Engineering for the Power and 
Energy specialization stream. 

 
FORMATIVE AND SUMMATIVE FEEDBACK STRATEGY 
 
In formative assessments
specialized course is evaluated by the specific instructor of the course. This is, of course, 
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conducted regularly using different techniques, including traditional written examinations, data 
collection through hands-on laboratory work, and group reports. On the other hand, the 
summative assessment of a learning block is evaluated by the ILB committee. This committee 
will take into consideration the amalgamation of the various acquired skills from the three target 
courses. They will also identify how these newly acquired skills have helped in the overall 
engineering design project. In this component, the ILB coordinator will have responsibilities 
quite similar to that of a project manager for an engineering design project. The coordinator 
will regularly meet with students to verify that periodic milestones are successfully met. 
 
The approach by which we assess the performance of students in an ILB formation is 
structured systematically (see Figure 2). To be precise, the deliverables expected from an ILB 
will generally be based on the design of a particular engineering sub-system or system in a 
PBL environment (Kolmos, 2017). First-year projects, such as wind turbine, robotic gripper and 
spider cam (Germain, 2017), focus on I-O competencies. On the other hand, real-world system 
engineering design problems geared for D-I-O and C-D-I-O competencies are proposed 
through close consultation with industrial partners in advanced semesters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) strategy for implementing CDIO-ILB 

(b) wind turbine project 

(c) robotic gripper project 

(d) spider cam project 
 

Figure 2.  CDIO-ILB setup with three courses founded on PBL, and with sample projects. 
 

Certainly, to ensure the success of an ILB, group formation and interaction is very important. 
To clarify, we should stress that the same group of students will be registered in similar 
sections of courses taking part in an ILB. The learners will be responsible to form their groups 
composed of either 3 or 4 students each. The groups will identify themselves with a name of 
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their choice, and they will remain together across the ILB courses until the end of the semester. 
The groups will also elect a designated team leader to facilitate interaction with instructors. 
 
Training students in group work is extremely important since effective group interaction is an 
integral element of a successful professional work environment, and, in general, group work 
enhances the overall deliverables assigned by a supervisor. Nevertheless, groups are always 
prone to some challenges. For instance, some group members may not actively participate in 
the engineering design project. Further, at times, group cohesion and coordination may be 
lacking and, as a result, efforts will be fragmented. Should this happen, groups will have an 
intervention with the ILB coordinator to suggest techniques to overcome challenges and 
resolve differences. One mechanism to minimize and safeguard against such possibilities 
would be to require that each group submit a team contract provided to them at the start of the 
semester. This is an effective and proven strategy for group harmonization applied in other 
engineering courses at Sheridan were teamwork is front and centre (e.g., COMM-16165, 
Technical Reports and Presentations course). 
 
 
EARLY RESULTS IN IMPLEMENTING THE CDIO-ILB FRAMEWORK 
 
As indicated in Table 1, the first cohort of B.Eng. students enrolled in Mechanical Engineering 
in the fall of 2019. The first CDIO-ILB project began soon after in winter of 2020 during the 

first ILB experience at 
Sheridan, the faculty in the School of MEET had regular weekly meetings throughout the fall 
2019 semester to put concepts of this important framework into action. These meetings were 
instrumental for promoting extensive exchanges, debates and brainstorming sessions where 
diverse viewpoints enriched the discussions related to organization and logistics, forecasting 
potential challenges, and managing and operating PBL activities arranged in an ILB setup. 
Moreover, in these meetings, we were able to effectively study, refine, and finalize several 
related aspects about (a) curriculum mapping to CDIO syllabus and Canadian Engineering 
Accreditation Board (CEAB) requirements; (b) evaluation plan and deliverables; (c) rubric 
design and performance assessments; (e) potential schemes for group size as a function of 
project complexity; and (f) defining the scope and description of the first set of projects 
compatible with the learning outcomes of the three courses within an ILB. Of course, estimating 
budget requirements and mobilizing faculty, engineering staff, and technologists to implement 
these CDIO-ILB projects was needed to assist our learners engaged in this unique, hands-on 
undertaking. 
 
As shown in Figure 1, we formed a learning block by integrating the following courses: 
Engineering Design and Problem Solving (ENGR-18922D), Computer Programming (ENGR-
11833D), and Fundamentals of Applied Physics (PHYS-15924D). As illustrated in Figure 2.a, 
the design course was the foundational course for the CDIO-ILB project, and the programming 
and physics courses were supporting courses in this PBL assessment. Furthermore, twelve 
design teams were formed composed of three students each. The groups had the choice to 
work on one of three projects, shown in Figures 2.b (wind turbine), 2.c (robotic gripper), and 
2.d (spider cam). To avoid a higher frequency of students working on a particular project over 
others, we decided to equally divide them based on a first-come, first-served basis. Groups 
had the choice to claim their preferences by submitting a form to the CDIO-ILB coordinator 
indicating their first, second, and third choices. Based on the time log of the submitted form, a 
project was allocated to a particular group.   
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Despite the technical nature of this learning activity, engaging in a CDIO-ILB project promoted 
vital skills needed in the toolkit of future professional engineers, such as project and time 
management, critical thinking, creativity, and innovation. It also incited students to take 
proactive measures to seek feedback and suggestions from faculty and subject matter experts 
to improve and polish their project output. Although such attributes are generally seen with 
senior students engaged in final year capstone projects, it was inspiring and refreshing to see 
such professional growth among our first-year junior students. The observed response of our 
students to the CDIO-
support our learners in thriving and unleashing their full potential to succeed academically and 
beyond. 
 
 
REFLECTION AND SCHOLARSHIP 
 
As noted earlier, we are putting in place an evidence-informed framework for implementing an 
ILB for Sheridan's engineering programs. To the best of our knowledge, very few schools have 
experimented with an ILB and, even if they have, they generally formed a block based on two 
courses (Leone & Isaacs, 2001) or have potentially considered an ILB formed with non-
engineering courses (Shetty, et al., 2001). At the School of MEET, our vision is to go beyond 
that and to truly offer a revolutionized curriculum that will, in essence, prepare our students for 
the workplace. In other words, as soon as they graduate, we want them to hit the ground 
running in their respective professional contexts. We want our learners to be competent in 
technical skillsets, in problem-solving techniques, and in having the agility to connect diverse 
intellectual elements to solve a real-world engineering challenge. We also want our students 
to be professional engineers adept in soft skills which include: technical writing, technical 
presentations, group harmonization, conflict resolution techniques, and engineering design 
(Abdulla & Shayan, 2013). If we are successful in this vision, we truly believe that our students 
will not only be able to find competitive work opportunities, but they will also be prepared to 
spin off some of their engineering design ideas that incubated at Sheridan. 
 
Since we are in uncharted territory, we anticipate that there will be challenges with the 
implementation of this curriculum in the next couple of years, both for the learners and the 
committee. However, with these challenges, we will have the opportunity to experiment and 
innovate with various pedagogical alternatives. To this end, to extend our research in 
curriculum design work, we are particularly interested to further investigate the following topics: 
 

 In an eight-semester program, how often should a CDIO-ILB project be applied? Is 
having three ILBs in the program map sufficient or excessive (see Figure 1)? Namely, 
how do we ensure that we achieve the learning outcomes of knowledge acquisition 
through an ILB in an adequate and balanced manner? 
 

 How do we ascertain that real-world engineering projects proposed by industry are 
appropriate for PBL and CDIO (Edström & Kolmos, 2014)? In other words, are the 
proposed projects compatible with the learning content and outcomes of ILB courses? 
Will our students have the necessary skills and know-how to embark on these hands-
on technical projects? 

 
 Generally, a combination of backward (Wiggins & McTighe, 2005) and forward 

curriculum design (Abdulla, Motamedi, & Majeed, 2019) is applied to a specific course. 
Can the same methodology be applied to a block of engineering courses in an ILB 
setup? 
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CONCLUSION 
 
Our prime goal in exploring the CDIO-ILB approach is to ensure that we offer modern and 
relevant curricula that prepare our students to solve the major complexities of the future. 
Undoubtedly, the capacity to recognize and connect diverse technical elements to tackle a 
specific challenge is a vital skill for engineers. This scholarly examination allowed us to look 
more systematically at the intended student learning experience coupled with CDIO 
competencies based on instructional scaffolding. Following an elaboration on the means to 
manage, coordinate and assess the worthiness of CDIO-ILB projects, we highlighted early 
results in implementing this framework for the first time in this academic year. As we explore, 
engage and gain experience and feedback from faculty and students involved in ILB, we aim 
to continue sharing our methodology, framework and data sets with the wider community of 
engineering educators. 
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