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Abstract: Industries are expecting engineering graduates
who possess good attitude along with proficiency in
specific domain knowledge to cope with ever-changing
working atmosphere. Graduate Attributes (GA), prepared
by accreditation authorities, are incorporated into
undergraduate programmes to validate whether the
graduates from engineering colleges meet such diversified
requirements. This study envisioned to evaluate the
incorporation of graduate attributes in B.Tech curriculum.
As a case study, we have collected B.Tech curriculum of
three different universities. All core subjects in the
curriculum were distributed across twelve graduate
attributes with respective weightage from each subject. We
examined the relationships between subjects and
corresponding graduate attributes using descriptive
statistics. The study revealed that few graduate attributes
like GA4 (Conduct Investigation of complex problems),
GA6 (Engineer and society), GA7 (Environment and
sustainability), and GAll (Project Management and
Finance) have very less weightage (<40%) and coverage.
Further recommendations are provided to address these
concerns through practical sessions and co-curricular
activities.

Keywords:  First  Year  engineering,  Computer
programming, logic building, problem solving, debugging,
effective academic delivery.

1. Introduction to Engineering Education Curriculum
Engineering is an activity that is necessary to meet the
needs of people, financial development and the stipulation
of service to humanity. Engineering education involves
the focused application of mathematics, science and a
broad knowledge of engineering, technology and methods.
Engineers should bring benefits to the society.

The growth of an engineering professional in any of the
groups is a continuing process with significant recognized
phases. The first phase is the attainment of an accredited
educational qualification, the graduate stage. The
fundamental purpose of engineering education is to build
knowledge, skills and attitudes to enable the graduate to
handle any problem with professional ethics and provide
solution acceptable to the society. The second phase is
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professional qualification. The primary purpose of
formative growth is to expand competencies to work
responsibly as an individual as well as a team member.
The third phase is to qualify for the international
qualification. The purpose of this phase is to enhance
competency throughout their life.

The International Engineering Alliance (IEA) is an
umbrella organization that establishes standards for
engineering education and competence to practice
engineering. The outcome-based education is a
requirement to join the Washington Accord (IEA 2013),
which was established in 1989. The Washington Accord
(WA is a self-governing, autonomous body that provides
mutual recognition of programmes accredited for the
engineer track. The graduate attributes approved by the
Washington Accord signatories are common to the
education of professional engineers in all engineering
disciplines. They categorize what graduate should know,
the skills they should acquire and the attitudes they should
possess. Several countries have accepted the OBA
approach in higher education in the early and late 1990s,
including the United States (ABET 2011), Australia
(Donnelly 2007), and South Africa (Meyer et al, 2010b).
The Washington Accord’s 12 graduate attributes are GA1
(Engineering knowledge), GA2 (Problem analysis), GA3
(Design and development of solutions), GA4 (Conduct
investigation of complex problem, GA5 (Modern tool
usage), GA6 (Engineer and society), GA7 (Environment
and sustainability), GA8 (Ethics), GA9 (Individual and
Team work), GA10 (Communication), GAl1l (Project
management and finance) and GA12 (Lifelong learning).
There are many categories of learning, each of which fall
under three major domains cognitive  domain
(knowledge level), affective domain (attitude level) and
psychomotor domain (skill level). Cognitive domain
handles with knowledge and the development of
intellectual skills. It comprises GAl (Engineering
knowledge), GA2 (Problem analysis), GA3 (Design/
development of solutions) and GA4 (Investigations).
Affective domain includes the manner in which graduates
deal with things emotionally (Feelings, appreciations etc.).
It comprises GA6 (the Engineer in Society), GA7
(Environment and Sustainability), GA8 (Ethics) and
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GA12 (Lifelong learning). Psychomotor domain involves
physical movement, coordination and use of the motor
skills (perception and response). It comprises GA5
(Modern tool usage), GA9 (Individual and teamwork),
GA10 (Communication), and GAll (Project /
Engineering Management). The purpose of engineering
education is to build knowledge, skill and attitude to
enable the graduate to proceed to train and experience that
will develop the competencies required for independent
practice in professional role.
Knowledge, skills and attitudes that engineering graduates
ought to possess could be measured using two metrics a)
Graduate attributes and b) Course Outcomes. This work
presents the distribution of graduate attributes in the
Bachelor of Technology (Information Technology)
(B.Tech (IT)) programme collected from the three
different universities A, B and C. Here in this research
article, we have envisioned to evaluate the incorporation
of graduate attributes in B.Tech curriculum. All core
subjects in the curriculum are distributed across twelve
graduate attributes along with the weightage of each
subject respectively. Our initial analysis reveals that 4 out
of twelve graduate attributes are poorly mapped. We
examined the relationships between each subjects and
corresponding graduate attributes using the following
process: (1) Obtain the curriculum plan with courses
mapped to semesters, excluding the elective courses, (2)
Map the Course Outcome of each individual core course
to graduate attributes, considering the level of mapping,
either strong, medium or low, (3) Accumulate the
graduate attributes coverage on semester basis considering
their coverage levels, (4) Report the program level
graduate attributes coverage.

The main contributions of this paper can be summarized

as follows:

1. Examined the relationships between each subjects
and corresponding graduate attributes.

2. Evaluation of the proposed work on B.Tech
curriculum from three different universities A,B and
C dataset.

3. Comprehensive experiments were conducted and the
importance of twelve graduate attributes distribution
across B.Tech programme curriculum was identified.

4. Analyzed the gap between four graduate attributes
GA4, GAB, GA7 and GA1l with respect to core
subjects in the curriculum.

This paper is organized as follows: literature review is

followed by proposed mechanism. Findings from the study

based on collected data are presented next. Finally,
conclusion along with recommendations is provided.

2. Literature Survey

According to the Higher Education Council (HEC) report

in Australia, Achieving Quality (HEC,1992), generic

attributes are the skills, personal attributes and values
which should be acquired by all graduates regardless of
their discipline or field of study. In other words, generic
skills should represent the central achievements of higher
education; as a process such attributes or qualities include
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critical thinking, intellectual curiosity, problem solving,

logical and independent thought, communication and

information management skills, creativity and imagination,
ethical practice, integrity and tolerance. Similarly, the

Dearing report in the UK (National Committee of Enquiry

into Higher Education, 1997) states that higher education

should ‘sustain culture which demands disciplined
thinking, encourages curiosity, challenges existing ideas

and generates new ones part of the conscience of a

democratic society' [Debra et al, 2007]. This emerging

importance of generic skills, or graduate attributes in
higher education has been influenced by at least the
following three factors: the popular perspective that
education is a lifelong process; a greater focus on the
relationship between education and the employment of

graduates; and the development of outcome measures as a

part of the quality assurance (Cummings 1998). Research

provides insights into how effectively engineering
programs can enhance engineering student's Knowledge,

Skill and Attitude skills. (Nazzal, 2015) found that

Engineering Mathematics subject is difficult among first-

year engineering students. (Suganya, 2019) proposed that

collaborative learning of automata theory in Mathematics
with domain teacher of Compile Design could help to
improve students' knowledge, skill and attitude levels.

This outcome suggests that student's confidence in their

skills in cognitive level increases over studying a four-

year degree.

The coverage of different graduate attributes by

engineering programs remains as a concern for various

accreditation authorities. It could be noted that graduate
attributes do maintain a balance between technical and non-
technical skills. Students are required to obtain such skills
by the time of graduation. Targeting learning outcomes
from curriculum has been researched by various researchers

(Harden, 2001; Jacobs, 2004; Morehead & La Beau, 2004;

National Council of Teachers of Mathematics, 1989; Plaza,

Draugalis, Slack, Skrepnek, & Sauer, 2007; Uchiyama &

Radin, 2009). It is vital to validate the mappings from

curriculum towards learning outcomes to ensure there is

matching between what is taught and what is
learnt/acquired by students (English, 1984). The process of
validating learning outcomes against the curriculum is
through course syllabi or course documents developedby

course instructors and course coordinators (English, 1984;

Harden, 2001; Morehead & LaBeau, 2004; Willett, 2008).

Such a validation activity is required to advance Outcome-

Based Education among both instructors and students

(Jacobs, 2004, Spencer, Riddle, & Knewstubb, 2012).

A typical mapping of the course descriptions towards

graduate attributes is performed in six stages (Uchiyama &

Radin 2009):

1. Instructors develop mappings for the course learning
outcomes to graduate attributes, for their respective
courses individually.

2. [Under the umbrella of coordination,] instructors of
respective courses meet to review their individual
maps.
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3. At the program level [members of a specific committee,
quality assurance committee] group themselves as
heterogeneous groups to review the mappings for the
whole curriculum.

Various mappings that require realignment are looked
for.

5. Appropriate changes are made to the mappings.

6. Suitable plan is developed and executed.

Thus, mappings of learning outcomes with graduate
attribute needs to be verified both at course level (vertical)
and program level (horizontal). Such mapping is useful to
provide suitable inferences at various levels.

3. Proposed Mechanism

Two research questions are considered in this study.
Graduate attributes coverage is measured by mapping the
course learning outcomes with that of the graduate
attributes. The presence of many courses catering a certain
program outcome indicates that the students are well
abrupted with the necessary skill. In contrast, poor
coverage of a program outcome indicates that students
might not have the necessary skill for a successful career.

4.

A. Research Question 1 (RQ1): To what extent are the
proposed graduate attributes covered in the core courses of
the engineering program?

This study proposes to infer about the pattern of coverage
of any specific program outcome from the third to the
eighth semester of the engineering program. Certain
knowledge-based graduate attributes are expected to be
covered during the early years of study. Moreover, graduate
attributes that address applications or creativity, which are
in the higher level of Bloom’s taxonomy is expected to be
covered more during the later years of study.

B. Research Question 2 (RQ2): What is the proportion of
coverage of the graduate attributes over different semesters
of the engineering program?

Coverage of graduate attributes are studied from the
perspective of different semesters to know what a student
accomplishes and when. This could also help the program
in-charge to plan for internship and other student exchange
programs.

4. Data Sources

Three four-year full-time engineering programs from
different universities were considered in this study. All the
three programs considered are accredited by National
Board of Accreditation (NBA) in India. These programs
cover the area of Computing and Electronics. A total of 143
courses were studied in this research. Out of these 143
courses, mapping to GAs were not available for 49 sources.
Thus, the coverage of courses was curtailed to 94 courses.
In order to analyze the programs, all the core or compulsory
courses were reported in a google sheet. Individual courses
were indicated through their course learning outcomes
along with their respective mappings towards graduate
attributes. The choice of core courses only is to ensure
observations or inferences made are applicable to all
graduates and not certain specific percentage of graduates.
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Detailed descriptions were available for each of the
program. These include the following: (1) weekly coverage,
(2) hours allocated for each course contents, (3) course
learning outcomes, (4) weightage of course learning
outcomes, (5) mapping of course learning outcomes to
graduate attributes, (6) objectives of the course, (7)
textbook followed, (8) assessment policy, (9) prerequisite,
(10) semester of study and others. The mapping of the
course learning outcomes to graduate attributes is of three
levels: low, medium and strong.

5. Data Analysis

Course outlines from these three engineering programs

were documented into a google sheet. The respective

mappings are updated on individual sheets. After the

individual course mappings and relevant information is

obtained, program level validation is performed. Here, the

courses are also segregated based on their semester of study.

The analysis for this research involves the following stages:

1. The whole curriculum plan, considering only the core
courses, is accumulated to a single table covering
various relevant information like course code, course
name, number of credits, semester of study,
prerequisite, suitable coverage of graduate attributes.
Bloom’s taxonomy coverage is also reported, if
available.

2. Semester-wise coverage of each GA is reviewed.

3. Along with semester-wise coverage of GA, the levels

of each GA are also studied.

Furthermore, Bloom’s taxonomy level coverage over

different semesters is also analyzed.

The study reveals how various GAs are covered in the

curriculum. Visual representation could provide some

insight into how the GAs are addressed by the curriculum.

Furthermore, the mappings of different GAs from similar

courses at different universities could also be studied.

4.

6. Results and Discussion

The research question 1 (RQ1) “To what extent are the
proposed graduate attributes/graduate attributes covered in
the core courses of the engineering program?” is answered
through the following analysis. In the engineering program,
we have considered courses over various semesters: 9
courses from semesters 2, 8 from semesters 3, 9 from
semesters 4, 8 from semesters 5, 5 from semesters 6 and 5
from semesters 7. The distribution of Graduate attributes
over these semesters are shown in Figure 1. It could be
observed from figure 1 that certain graduate attributes like
GA4 [Conduct Investigation of complex problems], GA6
[The engineer and society], GA7 [Environment and
sustainability] and GA11 [Project management and finance]
are poorly covered. Among these poorly covered GAs,
GA6 and GA7 are non-technical skills while GA4 and
GA11 are technical skills. Later graduate attributes, like
GA8 to GA12, are better covered in later semesters. As an
observation, GA7 coverage for semester 4 is poorly
covered. Similarly, GA4 is not covered suitably in semester
3. The poorly covered GA4 and GA11 are better addressed
in semester 4.
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Semesters | GAL | GA2 | GA3 | GA4 | GAS | GA6 | GA7 | GA8 | GAY | GAL0 | GALl | GA12 ggufsfes
Semester 2 49 41| 31 6 27 7 16| 21 26 25 3 32 9
Semester 3 44 46| 42 32 9 9/ 33 18 28 7 45 8
Semester 4 48 45| 29 21 23 9 1| 17 24 27 14 27 9
Semester 5 39 39| 33 26 6 7| 23 23 15 10 27 8
Semester 6 25 25| 18 15 5 6| 16 18 16 1 13 5
Semester 7 27 27| 19 15 9 4| 18 17 19 10 18 5
TOTAL 232| 223 172 47| 138 45 43| 128 126| 130 45| 162 44
% Coverage| 15.11| 14.53| 11.21| 3.06| 8.99| 2.93| 2.8| 8.34| 821| 847 2.93| 10.55
Table 1. Semester wise GA coverage
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Figure 1. Semester wise GA coverage

The research question 2 (RQ2) “What is the proportion of
coverage of the graduate attributes over different semesters
of the engineering program?” is answered through Table 1.
GAl, GA2, GA3 and GA12 are amicably addressed over
different semesters of the engineering program. Meanwhile,
GAb5, GA8, GA9 and GA10 are reasonably addressed over
different semesters. Exclusion of semester 4 in GA4 and
semester 2 in GA7 will indicate very poor coverage of
these two GAs.

Further study on three levels of different GAs are
elaborated in figures 2 and 4. GAs 1 to 4, 5to0 8, and 9 to 12
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are shown in figures 2, 3 and 4 respectively. Strong levels
of GAs 1, 5, 8, 9 and 10 are covered better than the other
levels. Meanwhile, GAs 2, 6, 7, and 12 are covered more in
medium levels. It should be noted that Low levels of GAs 2,
3, 4, 5, 8, and 9 are covered over different semesters.
Comparing individual GAs over different semesters
indicates a trend of coverage as normally distributed with
higher coverage during semesters 3, 4 and 5. Also, poorly
covered GAs has no coverage of strong levels in various
semesters. This is one of the important concerns to be
addressed.
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GAs 1 to 4 Coverage on three levels - Semester Wise
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Figure 2. Semester wise GAs 1 to 4 with three levels coverage
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Figure 3. Semester wise GAs 5 to 8 with three levels coverage

GAs 9 to 12 Coverage on three levels - Semester
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Figure 4. Semester wise GAs 9 to 12 with three levels coverage
emphasizes on applying concepts onto different domains.

Extending the study from GAs to Bloom’s taxonomy Early semesters have higher coverage of understanding and
coverage over semesters was also performed. The outcome remembering. One major concern here in the Bloom’s
of such a study is shown in Figure 5. Bloom’s taxonomy taxonomy coverage is the poor representation of evaluating
level “Applying” is the most addressed in the curriculum. and creating domains. These two are necessary towards
This confirms that the proposed engineering curriculum development of “innovation” skills among graduates.
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Bloom's Taxonomy Coverage
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Figure 5. Semester wise Bloom’s Taxonomy coverage

In summary, certain GAs and Bloom’s taxonomy are
poorly covered in the engineering curriculum. Coverage of
GAZ2 [Problem Analysis] could be enhanced further to cater
for GA11 [Project management and finance]. Similarly, the
curriculum needs to be enriched with necessary non-
technical skills. May be, the coverage of internship and
capstone project could help evaluate non-technical skills
attainments among engineering graduates. Certain
“Applying” covered aspects could be transferred towards
evaluating and creating domains.

7. Conclusion

This research study provides insights into proper planning
of the program and their respective courses. This study
improves our understanding on the underlying content
courses and knowledge base of courses recommends
academic institutions to provide appropriate structural
procedures while defining and enhancing a curriculum. The
study also discovered the solution for expanding the
coverage of these four graduate attributes through CDIO
Curriculum. GA4 can be addressed through the elective and
industry supported credit courses with hands-on practices
for solving real time problems. Both GA6 & GA7 can be
attained by involving students in more co-curricular
activities like NSS, NCC etc. to gain exposure from
problems in the societal arena. Students can be motivated to
take part in 'Engineering Exploration’, 'Lateral thinking' and
'Design Thinking' courses in subsequent semesters and
make participation in Hackathon and Industries conducting
crowd sourcing contest to solve real time problems for
sustainable development by using professional engineering
practices. GA1l, closely related to projects, can be
developed by making students to engage in summer
internship program, mini- projects and semester projects.
Also, we can encourage student to conduct Inter-college
programs and societal events to explore project
management activities in multidisciplinary environments.
Considering only three programs could be one of the
limitations of this work.

8. Future work
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As a future work, closely related engineering disciplines
like that of computer science and engineering with
Information Technology could be studied for their course
objectives to GA mappings. Division of GAs into technical
and non-technical and identifying courses that cater for
these types of GAs could reveal certain concentrations from
different streams of courses. Effective use of assessments to
measure the attainment levels of different GAs should also
be studied further. Focus on specific GAs by certain
courses starting from low level to strong level of coverage
also could be used to identify the interests of students and
their respective choice of tracks or specialization. Certain
interests among faculty members could also be inferred by
referring to the GA mappings along with the Bloom’s
taxonomy selection. Thus, assisting the administration
towards identifying potential faculty development programs.
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