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PREAMBLE

This document presents the Outcome-Based Education & Assessment (OBE&A) framework
for engineering learning activities, including definitions of key concepts along with rubrics
used to classify and evaluate these activities. In this framework, Complex Engineering
Problems (CEP) and Complex Engineering Activities (CEA) define the nature, complexity,
and scope of engineering problems and tasks assigned to students. In addition, Problem-Based
Learning (PBL), Open-Ended Labs (OEL), and Design Projects (DP) represent pedagogical
methodologies through which students engage with engineering content in different learning
contexts. The framework includes rubrics for both the classification of learning activities and
pedagogical approaches (to determine whether a given task or teaching method falls under
CEP, CEA, PBL, OEL, or Design Project categories) as well as rubrics for evaluating student
performance and learning outcomes. The framework helps in organizing these components in
a simple and structured way. These rubrics are developed for and applied within the B.E.
Biomedical Engineering program, Department of Biomedical Engineering, NED University of
Engineering & Technology (NEDUET).

The records are organized starting with the definition and rubric for each of the included
terms/concepts. Following terms/concepts related to OBE&A have been included in this
document;

e Complex Engineering Problem

Complex Engineering Activity

Problem-Based Learning
Open-Ended Lab

Design Project
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Washington Accord Knowledge Profiles

WK1: A systematic, theory-based understanding of the natural sciences applicable to
the discipline and awareness of relevant social sciences.

WK2: Conceptually-based mathematics, numerical analysis, data analysis, statistics
and formal aspects of computer and information science to support detailed analysis
and modelling applicable to the discipline.

WK3: A systematic, theory-based formulation of engineering fundamentals required
in the engineering discipline.

WKA4: Engineering specialist knowledge that provides theoretical frameworks and
bodies of knowledge for the accepted practice areas in the engineering discipline; much
is at the forefront of the discipline.

WKGE5: Knowledge, including efficient resource use, environmental impacts, whole-life
cost, re-use of resources, net zero carbon, and similar concepts, that supports
engineering design and operations in a practice area.

WKG6: Knowledge of engineering practice (technology) in the practice areas in the
engineering discipline.

WKT7: Knowledge of the role of engineering in society and identified issues in
engineering practice in the discipline, such as the professional responsibility of an
engineer to public safety and sustainable development*

WKS: Engagement with selected knowledge in the current research literature of the
discipline, awareness of the power of critical thinking and creative approaches to
evaluate emerging issues.

WKO: Ethics, inclusive behavior and conduct. Knowledge of professional ethics,
responsibilities, and norms of engineering practice. Awareness of the need for diversity
by reason of ethnicity, gender, age, physical ability etc. with mutual understanding and

respect, and of inclusive attitudes.



Complex Engineering Problem

Complex Engineering Problem (CEP) is a classification of a problem which is primarily

associated with cognitive skills, that focusses on one or more of the Washington Knowledge
Profiles WK3-WK6 and WKS8, and has the following attributes as mentioned in PEC manual
of accreditation 2019 [1].

Table 1: Range of Complex Problem Solving

S.No. |Attribute Description
WP1 Preamble Engineering problems which cannot be resolved
without in-depth engineering knowledge, and have
some or all of the characteristics listed below:
WP2 Range of conflicting Involve wide-ranging or conflicting technical,
requirements engineering and other issues.
WP3 Depth of analysis Have no obvious solution and require abstract
required thinking, originality in analysis to formulate suitable
models.
WP4 Research-based Requires research-based knowledge much of which is
knowledge at, or informed by, the forefront of the professional
discipline and which allows a fundamentals-based,
first principles analytical approach.
WP5 Familiarity of issues Involve infrequently encountered issues
WP6 Extent of applicable Are outside problems encompassed by standards and
codes codes of practice for professional engineering.
WP7 Extent of stakeholder Involve diverse group of stakeholders with widely
involvement and level of |varying needs.
conflicting requirements
WP8 Consequences Have significant consequences in a range of
contexts.
WP9 Interdependence Are high level problems including many component parts or
sub-problems.
[1] https://www.pec.org.pk/wp-content/uploads/2021/04/Manual-of-Accreditation-Third-

Edition-2019-Amended-Ver.-of-Manual-2014.pdf.



Mapping of CEPs within the Curriculum:
e To ensure students have acquired the foundational knowledge necessary for high-level
synthesis, CEP components are mandatory for the courses offered from the fifth
semester onwards at the levels of WK3-WK6 & WKS.

e CEPs are required to be mapped onto the Cognitive-level CLOs.

List of Courses for CEPs:

Table 2: List of Courses Offering CEP

Semester 5: Semester 6:

e Bioinstrumentation & Measurements-I e Control Systems for Biomedical
e Biomechanics Engineers

e Bioinformatics e Bioinstrumentation & Measurements-II
e Project Management e Biomaterials

¢ Atrtificial Intelligence in Healthcare

Semester 7: Semester 8:
e Biomedical Imaging e Modelling and  Simulation  for
e Biosignal Processing Biomedical Engineers

e Biomedical Engineering Design Project | Biomedical Engineering Design Project
e Electivel e Elective 3

e Elective 2 e Elective 4

* The mapping of PLOs, WPs, WKs, and ECs for the listed courses will be provided by
DOBEC; faculty may review it and provide feedback, and reasonable modifications may
be made by DOBEC



Complex Engineering Activity

Complex Engineering Activity (CEA) is a classification of an engineering activity which is
primarily associated with psychomotor skills and that has the following attributes as mentioned
in PEC manual of accreditation 2019 [2].

Table 3: Range of Complex Engineering Activities

S.No. |Attribute Description

EAL Preamble Complex activities mean (engineering) activities or
projects that have some or all of the following
characteristics listed below:

EA2 Range of resources Involve the use of diverse resources (for this purpose,
resources include people, money, equipment,
materials, information and technologies).

EA3 Level of interactions Require resolution of significant problems arising from
interactions between wide ranging or conflicting
technical, engineering or other issues.

EA4 Innovation Involve creative use of engineering principles and
research-based knowledge in novel ways.

EAS5 Consequences to society |Have significant consequences in a range of contexts,
and the environment characterized by difficulty of prediction and
mitigation.
EA6 Familiarity Can extend beyond previous experiences by applying

principles-based approaches.

[2] https://www.pec.org.pk/wp-content/uploads/2021/04/Manual-of-Accreditation-Third-
Edition-2019-Amended-Ver.-of-Manual-2014.pdf.



Mapping of CEAs within the Curriculum:
e To ensure students have acquired the foundational knowledge necessary for high-level
synthesis, CEA components are offered for the engineering core courses offered from
the fifth semester onwards.

e CEAs are required to be mapped onto the Psychomotor-level CLOs.

List of Courses Requiring CEASs:

Table 4: List of Courses Offering CEAS

Semester 5: Semester 6:

e Biostatistics e Control Systems for Biomedical
e Bioinstrumentation & Measurements-I Engineers

e Biomechanics e Bioinstrumentation & Measurements-11
e Bioinformatics e Biomaterials

¢ Atrtificial Intelligence in Healthcare

Semester 7: Semester 8:

e Biomedical Imaging e Modelling and  Simulation  for
e Biosignal Processing Biomedical Engineers

e Electivel e Elective 3

* The mapping of PLOs, WPs, WKSs, and ECs for the listed courses will be provided by
DOBEC; faculty may review it and provide feedback, and reasonable modifications may be
made by DOBEC



Problem-Based Learning

Problem-Based Learning (PBL) is a student-centered teaching pedagogy in which learning is

initiated through a problem that guides the learning process. Students develop understanding

and acquire relevant knowledge and skills through active inquiry, discussion, and self-directed

study aimed at addressing the problem.

Minimum Criteria for PBL

A learning activity is considered PBL if the following conditions are met:

A problem is introduced at the start of the session or activity before relevant content is
formally taught.

The problem drives the learning process and determines what needs to be learned.
Students engage in active and self-directed learning to acquire knowledge and skills
required to address the problem.

The instructor supports and guides the learning process rather than providing direct

solutions or lectures.

Table 5: The Attributes of a PBL

S.No. [|Attribute Description

PL1 Problem-Initiated The problem is encountered at the start of the learning
process before any relevant knowledge has been taught.

PL2 Student-Centeredness  |Learning is driven by student engagement, inquiry, and
active construction of knowledge in response to the
problem.

PL3 Knowledge Acquisition |Information is acquired through self-directed study and
applied back to the problem.

PL4 Facilitative Teaching The teacher's role is to guide the learning process, not to
lecture.




Mapping of PBL within the Curriculum:
A PBL activity is required to be incorporated into all courses throughout the degree program
that fall under either of the following categories.
o ‘BM’ course code
o Lab component
* PBL is not applicable in midterm, final-term theory and final lab examinations.



Design Project (DP)

A design project is an engineering learning activity in which students develop a solution to a

defined engineering need or problem through a systematic design process.

In order to hone the practical skills and giving spark to their imagination, the students of an

engineering program must be encouraged to undertake design projects as an integral part of

core subjects. Such design projects should inculcate intuitiveness, resourcefulness and the spirit

to compete. The students should also be motivated to participate in competitions which assign

a theme and require the participants to use their ingenuity, creativity and innovation.

Minimum Criteria for DP

For a design project the minimum criteria should ensure that students demonstrate a complete

engineering design cycle from problem identification to validated solution.

Table 6: The attributes of a Design Project

S. No.

Attribute

Description

DP1

Problem Identification

Clear definition of an engineering need or problem that
establishes the purpose and objectives of the design
activity.

DP2

Iterative Design Process

A repeated cycle of developing, analyzing, and refining
design solutions until a satisfactory outcome is achieved.

DP3

Constraint Integration

Incorporation of realistic engineering limitations such as
cost, safety, standards, and feasibility into design
decisions.

DP4

Design Validation

Verification of the final design through analytical,
simulation, or experimental methods to ensure it meets the
intended requirements.




Mapping of Design Projects within the Curriculum:
e Course that has PLO-3 i.e., Design/development of solutions, mapped to any of its
CLOs.

e Courses that have a ‘BM’ course code.

List of Courses Offering DPs:
e Biomedical Electronics
e Bioinstrumentation & Measurements-I
e Bioinstrumentation & Measurements-11

e Biomaterials



Open-Ended Lab (OEL)

It is a teaching pedagogy in which a laboratory activity is designed with a certain degree of
openness, allowing students to independently design, execute, and analyze experiments.
Open-endedness:

Refers to the degree of creativity, uniqueness, and multiplicity of valid approaches or outcomes
in a laboratory task.

Closed-endedness:

Refers to tasks where the objective, method, or analysis is predefined, standardized, or
comparable, even if numerical results vary.

Based on the extent of this openness, a laboratory activity is categorized into different levels
of OEL as follows:

Levels of Open-Ended Labs:

Open-Ended Labs can be categorized into four progressive levels based on the degree of
openness in objectives, methods, and results. Level O represents a close-ended lab where the
objective, method, and expected results are all predefined, and students primarily follow
instructions to verify known outcomes. In Level 1, the objective and method remain fixed, but
students are encouraged to use open-ended and potentially creative approaches for results and
analysis. In Level 2, the objective is fixed, but students are free to modify or choose methods,
while results and analysis remain open-ended and require independent interpretation. At Level
3, full open-ended exploration is enabled, where the objective, methodology, and results &
analysis are all open, allowing students to define the problem-solving approach and outcomes

creatively and independently.

10



Table 7: Open-Ended Laboratory (OEL) Levels (OL0-OL3)

OEL Level Objectives Experimental Methods | Results and
Analyses
No open-endedness (OLO0) Close Close Close
Open-ended level 1 (OL1) Close Close Open
Open-ended level 2 (OL2) Close Open Open
Open-ended level 3 (OL3) Open Open Open

Closed (Standardized, analogous, or comparable tasks with limited variability in numerical values).

Open (Student-driven tasks allowing multiple approaches, creativity, and unique outcomes).

Mapping of OEL within the Curriculum:

At least 2 OELSs are required to be incorporated into all the lab-component courses throughout

the degree program.

11



Overlapping of Problem/Activity/Pedagogical/Assessment Techniques

The Fig.1. presents a conceptual framework that positions three teaching pedagogies—Open-
Ended Laboratory (OEL), Problem-Based Learning (PBL), and Design Project (DP)—within
the broader domains of cognitive and psychomotor learning. The upper region represents
Complex Engineering Problems (CEP), which are primarily associated with the cognitive
domain, while the lower region represents Complex Engineering Activities (CEA), which are
primarily associated with the psychomotor domain. PBL is shown primarily within the
cognitive domain, emphasizing problem identification, and conceptual understanding, while
partially overlapping with the psychomotor domain where practical application is involved.
OEL is positioned more strongly toward the psychomotor domain, highlighting hands-on, and
skill-oriented activities, with some overlap in the cognitive domain for interpretation and
analysis. DP spans both domains significantly, combining problem formulation, design
thinking, and practical implementation. The overlapping regions indicate that these pedagogies
can align with CEP and/or CEA depending on the nature and complexity of the task. However,
the non-overlapping portions of the bars illustrate that such alignment is not mandatory.
Teaching and learning activities may be structured to address CEP, CEA, both, or neither

explicitly, depending on the intended learning outcomes.
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|
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Fig. 1. Conceptual mapping of PBL, OEL, and DP within Cognitive and Psychomotor
domains in relation to Complex Engineering Problems CEP and CEA
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Rubrics

Rubrics for the teaching/learning assessment concepts discussed above are presented in this
section. The rubrics provided for CEP and CEA include criteria based on the respective
attributes. Each of the assessment rubric criteria relates to the corresponding attribute
mentioned in the above section. The instructor is required to select and use only the criteria
whose corresponding attributes are mapped in the assessment and marked the unused criteria
as N/A. The rubrics for PBL and Design Projects are given based on their respective criteria.
Each of the assessment rubric criteria relates to the corresponding attribute mentioned in the
above section. If, in any case, the instructor (for theory/lab) does not target any of the attributes,
then he/she may not use the corresponding rubric criterion for assessment. The criteria for each
of the OEL levels from OL1 to OL3 are provided separately which includes cognitive,
psychomotor and affective domains and the instructor is required to select and use only the
criteria whose corresponding domain is mapped in the assessment and marked the unused

criteria as N/A. The rubrics of psychomotor levels will not be applicable onto the OELSs.
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F/OBEM 01/18/00
NED University of Engineering & Technology
Department of Engineering
Course Code & Title:
Assessment Rubric for CEP
Level of Attainment
o Very
Criterion Poor | Average | Good Good Excellent Points | Domain
©) Yy ) 3) (4)
Application of In-Depth c
Engineering Knowledge
Management of Multi-
ple Engineering Con- C
straints
Formulation of Concep-
tual Models and Origi-

C
nal Solutions
Integration of Frontier C
Research Knowledge
Problem-Solving Ap-
proach in Unfamiliar C
Contexts
Dependence on Engi-

neering Codes and C
Standards
Integration of Multidis-
ciplinary Stakeholder C
Needs
Evaluation of Risks and

Impacts Across Con- C
texts

Integration of System-

Level Engineering Com-
ponents

Student’s Name:

Seat No.:
Total Score =

Instructor’s Signature:
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NED University of Engineering & Technology

Department of
Course Code & Title:

Assessment Rubric for CEA

Engineering

F/OBEM 01/18/00

Criterion

Level of Attainment

Poor

©)

Average | Good

M)

Very
@ | G

Excellent

(4)

Points

Domain

Engagement in
Complex Engineer-
ing Activity Char-
acteristics

Use of Diverse En-
gineering Resources

Resolution of Con-
flicting Engineering
Interactions

Creativity and Nov-
elty in Engineering
Solutions

Socio-Environmen-
tal Impact and Un-
certainty Assess-
ment

Principles-Based
Problem Solving in
Unfamiliar Con-
texts

Student’s Name:

Total Score =

Instructor’s Signature:

Seat No.:
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NED University of Engineering & Technology
Department of _Biomedical_Engineering

Course Code & Title:
Date:

Assessment Rubric for Problem-Based Learning

Level of Attainment

Criterion Very
Poor | Average | Good Good Excellent

o o | @|% | @

Points

Domain

Understanding and
framing the problem

Active Participation
and inquiry

Knowledge Acquisi-
tion
and Conceptual

Understanding
Use of knowledge to
address problem

Collaboration and

Communication
Seat No.:

Student’s Name:

Total Score =

Instructor’s Signature:
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NED University of Engineering & Technology
Department of _Biomedical_Engineering

Course Code & Title:

Date:

Assessment Rubric for Design Project

Level of Attainment
Criterion Poor | Average | Good | Very Good | Excellent | Points | Domain

©) @) 2 ®) (4)

Problem
Identification
Iterative Design
Process
Constraint
Integration
Final Design
Validation
Communication
& Documenta-
tion

Student’s Name: Seat No.:

Total Score =

Instructor’s Signature:
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NED University of Engineering & Technology
Department of _Biomedical_Engineering

Course Code & Title:

Date:

Assessment Rubric for Open-Ended Lab — OL1

Level of Attainment
Criterion poor | AV I Good | Y&V | Excellent . :
age Good Points | Domain
© | o | @] @ (4)
Understanding of C
the Given Objective
Following the Given c
Methods
Insightful Interpre-
tation & Critical C
validation of Results
Physical awareness p
of Given Objective
Execution of Given
P
Procedures
Systematic & Adap-
tive processing of P
Results
Acceptance of Given A
Objective
Compliance with A
Given Methods
Reflective Defense
of Analysis & A
Constructive Ac-
ceptance of Critique
Student’s Name: Seat No.:

Total Score =

Instructor’s Signature:
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NED University of Engineering & Technology
Department of _Biomedical_Engineering

Course Code & Title:

Date:

Assessment Rubric for Open-Ended Lab — OL2

Level of Attainment

Criterion

Very
Poor | Average | Good Good Excellent Points | Domain

©) M) ) 3) (4)

Understanding of the c
Given Objective

Creative Planning & C
Selection of Methods
Insightful Interpreta-
tion & Critical valida- C
tion of Results
Physical awareness of p
Given Objective
Hands-on Configura-
tion and Optimization P
of Methods
Systematic & Adaptive p
processing of Results
Acceptance of Given A
Objective
Responsible and
Thoughtful Organiza- A
tion of Methods
Reflective Defense of
Analysis &
Constructive Ac-
ceptance of Critique

Student’s Name: Seat No.:

Total Score =

Instructor’s Signature:
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NED University of Engineering & Technology
Department of _Biomedical_Engineering

Course Code & Title:

Date:

Assessment Rubric for Open-Ended Lab — OL3

Level of Attainment

Criterion
Poor | Average | Good (\3/3(% Excellent Points | Domain
©) 1) ) 3) (4)
Self-Driven Objective C
Formulation
Creative Planning & c

Selection of Methods

Insightful Interpreta-
tion & Critical valida- C
tion of Results

Innovative Prototyping

of Objective P
Hands-on Configura-
tion and Optimization P
of Methods
Systematic & Adaptive

. P
processing of Results
Ownership & Initiative A
in Inquiry
Responsible and
Thoughtful Organiza- A
tion of Methods
Reflective Defense of
Analysis & A

Constructive Ac-
ceptance of Critique

Student’s Name: Seat No.:

Total Score =

Instructor’s Signature:
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