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Abstract

Outcomes Based-Education (OBE) is a learning approach that cultivates student centered learning and emphasises on students’ attributes,
and it is becoming the mutual agreement by the signatory countries of Washington Accord 1989 to embed the OBE into their engineering
education system. The implementation of OBE in an accredited engineering degree involves the design of OBE curriculum by setting the
Programme Education Objectives (PEOs), Programme Outcomes (POs) and Module Learning Outcomes (MLOs), and measurement of the
attainment of POs and MLOs. This paper presents the evaluation and attainment of POs on Engineering Surveying via Survey Field Course,
based on students’ self-evaluation approach, before-and-after attending the course. Five programme outcomes as required by Board of
Engineers Malaysia were evaluated and the study revealed that only two programme outcomes (communication, and individual and team
work) were not attained and need attention for future improvements.
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1. Introduction

Washington Accord 1989 is an international agreement responsible for engineering degree programmes accreditation. Hence, signatory
countries will mutually recognised the engineering graduate programme as an accredited programme that has met the academic require-
ments for entry to the practice of engineering. Malaysia as one of the signatory members, presented by Board of Engineers Malaysia (BEM)
administrates the process of accreditation of engineering programme. The procedure is aligned with the standard of Washington Accord
1989 in which the endorsement of engineering education system is embedded with the Outcome Based-Education (OBE) [1]. Presently,
this is a mandatory requirement for all higher education institutions in Malaysia that are offering engineering undergraduate programmes,
as the pre-requisite of BEM accreditation.

OBE is a learning approach that cultivates student centred learning and emphasises on students’ attributes (or outcomes). The implemen-
tation of OBE in an accredited engineering degree involves the design of OBE curriculum which includes the Programme Education
Objectives (PEOs), Programme Outcomes (POs) and Module Learning Outcomes (MLOs).

To measure the attainment of POs, MLOs of each module should be mapped with POs and eventually the MLOs of individual module
would be contributed to the accomplishment of POs. At module level, instructor is expected to design appropriate assessments in order to
evaluate students’ achievement on their MLOs. Meanwhile, the attainment of MLOs for each module would be recorded as an input for
the cohort level to measure the overall POs achievement. This is the final stage to measure the student’s attainment of POs upon graduation.
The assessment of MLOs attainment is either in the form of summative or formative. Summative assessments evaluates students’ learning
and skills acquisition at the end period of a module. Examples of summative assessments are final year project, midterm test and final
examination. Many studies have shown preference for summative assessment to evaluate MLOs [2], [3], [4]. However, a combination of
formative and summative assessments is another alternative mode to assess MLOSs that has been reported in many studies [2], [5], [6], [8].
Formative assessments monitor students’ learning progress in a module and the assessments are in the forms of quizzes, on-going assign-
ments (course works), project presentation, etc. Both the assessments provide data on students ‘overall performances that reflect on their
MLOs achievement. Nevertheless, some studies prefer using students’ perception as feedbacks to identify students’ attributes [2], [9].
Students’ perception and feedbacks were found to be effective in the Continuous Quality Improvement (CQI) Cycle of engineering educa-
tion [10]. Students are the main stakeholders in OBE learning environment and their inputs are essential for quality education improvement,
and hence many studies have emphasised on students input for CQI [2], [10], [11].Students’ feedback provide additional information of
their MLOs achievement and the, deficiency of MLOs could be triangulated and identified for teaching improvement.

The objective of this study is to measure the attainment of POs on Engineering Surveying at module level, based on students’ self-evaluation
approach.
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2. Methods

2.1. Survey field course

Survey Field Course (SFC) is a compulsory course that is offered in first year of Civil Engineering undergraduate degree (Both BEng and
MEng). During the six-day course, students are required to conduct actual surveying based on the project requirements and specifications
in a group of six to seven students, supervised by academicians. In this course, students are required to work as a team to complete two
major activities, i.e., setting-out the design points and conducts topographic survey with detailed engineering features, within a given
timeframe.

2.2. Module learning outcome (MLO) mapping to programme outcomes (PO)

This study is focused on evaluation of MLOs and POs at module level; hence the module learning outcomes (MLOs) for SFC are as follows:
i)  MLO1: On successful completion of this module, students will be able to setup and operate common survey equipment correctly
ii) MLO2: On successful completion of this module, students will be able to demonstrate how to carry out appropriate survey calcula-
tions;

iii) MLO3: On successful completion of this module, students will be able to identify problems and sources of error in survey observa-
tions; and

iv) MLO4: On successful completion of this module, students will be able to demonstrate the ability to work as part of a team.

Table 1: Mapping of SFC-MLO with PO
BEM-EAC Programme Out-  Module Learning Outcomes
comes MLO1 MLO2 MLO3 MLO4
PO1 1 3
PO2 1 3
PO3 1 1
PO4 1
PO5 3]
PO6
PO7
PO8
PO9 2
PO10 3
PO11
PO12

[N

The associated MLOs are mapped against POs of Civil Engineering Undergraduate Degree programme and the levels of association are
rated as 3 (PO with measurement), 2 (PO with partial measurement) and 1 (PO with no measurement). According to BEM requirements
[12], engineering graduates are expected to attain the 12 POs. However, the measurements of attainment for this module are PO1, PO2,
PO5, PO9 and PO10, and each is defined as follows;

i) POL: Engineering Knowledge - Apply knowledge of mathematics, science, engineering fundamentals and engineering specialisation
to the solution of complex engineering problems;

ii) PO2: Problem Analysis - Identify, formulate, research literature and analyse complex engineering problems reaching substantiated
conclusions using first principles of mathematics, natural sciences and engineering sciences;

iii) PO5: Modern Tool Usage - Create, select and apply appropriate techniques, resources, and modern engineering and IT tools, includ-
ing prediction and modelling, to complex engineering activities, with an understanding of the limitations;

iv) PO9: Communication - Communicate effectively on complex engineering activities with the engineering community and with soci-
ety at large, such as being able to comprehend and write effective reports and design documentation, make effective presentations,
and give and receive clear instructions; and

v) PO10: Individual and Team Work - Function effectively as an individual, and as a member or leader in diverse teams and in multi-
disciplinary settings.

2.3. Questionnaire development

The questionnaire was designed to measure the attainment of learning outcomes and achievements of POs in Engineering Surveying subject.
It has been reviewed by a few experts in the field of Civil Engineering for clarity of instructions, completeness of alternatives, and the use
of appropriate language and terms. A trial version of the questionnaire was printed and distributed to 10 students to pre-test the question-
naire and for data reduction process. Minor amendments were made to the questionnaire after receiving feedback from the trial students.
The final version of questionnaire consists of four parts, which are designed to suit the measurement of the five POs. The first part is
demographic questions, which would provide a comprehensive profile of each respondent (i.e. programme, current year, campus, etc.).
The second part request respondents to provide their opinion about statements related to their experiences in the survey field course, ranging
from ‘1 = no understanding’ to ‘5 = exceptional understanding’. Assessment on students’ perception on their level of knowledge on engi-
neering fundamental, problem analysis, modern tools usage, individual and teamwork, and communication are embedded into the ques-
tionnaire.

In the third part of the questionnaire, students are required to evaluate their skill level in the survey field course, on a scale ranging from
‘1 = insufficient skill” to ‘5 = exceptional skill’. Assessment on students’ perception on their skill level on engineering fundamental,
problem analysis, modern tools usage, individual and teamwork, and communication are embedded into the questionnaire as well.

The purpose of part 2 and part 3 is to examine on how the students are undertaking a range of tasks associated with the project before and
after completing this course and whether the conducted activities improved- their knowledge and skills. Finally, the last part consists of an
open-ended question to gain more in-depth responses in order to obtain qualitative data about the module.
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2.4. Data collection

The Survey Field Course Questionnaire was distributed to engineering students who were taking H21V11 Engineering Survey 1 module.
In this course, the students worked on field work projects in teams. The instructor gave the questionnaire to the students once before and
upon finishing the field work.

Prior to administering the questionnaire, the instructor briefly read a written script about the nature of the research and the students’ rights.
This information was also included in the questionnaire. The instructor also informed the students that their participation is voluntary.
Questionnaires were completed anonymously and no marks or other inducements were used to encourage students to fill up the question-
naires. Therefore, several students did not respond to all questions and the response rate for individual questions declined near to the end
of the survey.

3. Results and discussion

3.1. Background of Survey Field Course in University of Nottingham, Malaysia (UNM)

The six-day SFC in Malaysia was conducted in campus on small scale during the month of May 2014. The event started from 9 am until
10 pm and was led by two Malaysian lecturers who have been attending the training sessions held at the UK campus. The participants
consist of approximately 70% (56 students)) of local students and 30% (25 students) of international students. The students were divided
into a group of five to six members. It is worth noting that English is the second language for the Malaysian students, while for the
international students, English is their first language.

3.2. Demographic statistics

Participation in the survey is completely voluntary and purposeful sampling procedures were used. A total of 81 questionnaires were
distributed, only 79 responses were valid for the pre-test and the post-test analysis, resulting in an overall response rate of 97.5%. A 78%
of the respondents were males and the remaining 6.2 % were female students. The findings also revealed that 49.4% of the respondents
have prior foundation in engineering level of education (completed in UNM), while the rest of the respondents have prior A-levels and
other pre-university programme qualifications before enrolling to the Civil Engineering programme.

With regards to gender role in engineering field, these findings are corresponding to the national trends whereby male undergraduates
constitute a greater percentage of enrollment into the Engineering degree programme, Most of the students chose MEng (43.2%) compared
to a BEng programme due to requirements of BEM in Malaysia.

3.3. Programme outcomes attainment

In order to find out whether there was any significant difference between the attainments of five Programme Outcomes of both scenarios
(pre and post test) on the survey field course, paired sample t-test was conducted.

Five out of ten statements on engineering knowledge and skills were assessed to be significantly different (p-value < 0.05), as shown in
Table 2. A significant increase was noticed from the pre-test scores to the post-test scores. Hence, based on the students’ perception, they
were able to acquire new engineering knowledge on SFC and hence, the PO1 at module level was attained.

Table 3 reports similar findings as in Table 2. There was a significant difference between the pre-test scores and post-test scores on problem
analysis (p-value < 0.05). In a way, the students felt their knowledge and skills on problem analysis were improved after the SFC. Therefore,
PO2 at module level was achieved, based on the students’ feedback.

In Table 4, a significant difference was also evaluated (p-value < 0.05) on items related to knowledge and skills about modern tools usage.
The results showed an improvement from the pre-test scores to the post-test scores. However, no significant improvement was found when
the students responded to item 13 (S13) and item 15 (S15). This may be due to the fact that the students have gained sufficient training and
technical skills on operating some of the surveying instruments before they enrolled to SFC. Overall, the PO5 was attained but further
improvement is needed to increase the ability to use some of the advanced features of the surveying instruments.

From the students’ perception on improvements in communication skills in Table 5, it is obviously shown that PO9 was not attained. The
results showed that 60% of statements, with five items on skills were assessed to be not statistically different (p-value > 0.05), knowing
how to improve the communication skills and using the skills to improve communication is a different challenge. The results showed that
the students were aware and equipped with knowledge on communication skills, however they were unable to acquire the techniques to
improve their communication skills, both on verbal and non-verbal communication. Attention must be made to enhance students’ profi-
ciency level in communication rather than knowledge.

Table 2: PO1 Engineering Knowledge Statement Means and Statistical Significance Acquired from Paired Sample t-tests
Pre-test  Std. Post-test Std. Mean

Statement Mean Dev mean Dev Diff. t-value  p-value
K1 | understand how the fu'ndamental physical principles and mathemati- 288 083 370 072 083 718 0.0000
cal methods apply in this SFC
I understand the limitations of physical principles or mathematical .
K3 methods learnt in this SEC. 2.70 088 3.76 0.77  1.06 7.96 0.0000
K5 1 know how to lay out the building plans on site. 2.35 0.93 3.70 081 134 -9.54 0.0000
I understand how to identify and map the contours of the ground and )
N existing features on the surface of the earth. S LU L Bz CEEE
K9 I have a good understanding in land surveying techniques. 2.48 091 3.68 081 1.20 -8.68 0.0000
s1 l;r;:ne;tleuio calculate and identify the location of design points upon 271 085 3.70 081  0.99 771 0.0000
S3 | can perform the curvature and linear calculation. 2.48 0.88  3.92 098 144 -9.08 0.0000
S5 ;rat;:nable to measure the peg/ground level and produce a profile dia- 248 083 372 098 124 -8.80 0.0000
s7 I can perform the traversing with minimum angular and positional mis- 277 093 368 086 001 6.41 0.0000

closures.
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I can integrate LSS software with AutoCAD to produce topographic

S9 2.05 1.00 3.08 1.06 1.03 -6.80 0.0000
map.
Table 3: PO2 Problem Analysis Statement Means and Statistical Significance Acquired from Paired Sample t-tests
Statement Pre-test  Std. Post-test Std. Mean tvalue _value
Mean Dev mean Dev Diff. P
K2 | knc_)W how to apply my learnings from this SFC to related engi- 279 092 379 065 1.00 811 0.0000
neering problems.
Ka I understand h_ow to identify potential solutions, based on what | 265 082 362 103 097 6.38 0.0000
learnt from this SFC.
K6 I understand how to operate and use of surveying instruments to 279 082 390 089 111 776 0.0000
overcome the construction related challenges.
K8 IIeLrJ][:derstand how to effectively solve a complex engineering prob- 244 083 327 094 082 551 0.0000
K10 | am confident in my ability to design solutions for complex and 549 089 355 086 1.06 763 0.0000
open-ended problems.
s2 I am _able to |_dent|fy potential hazardous terrain and unsecured 314 086 373 090 059 3.03 0.0002
working environment.
sa I can organise an(_j design a proper planning to execute my tasks in 262 076  3.66 0.90 1.04 767 0.0000
SFC, within the time frame.
6 :iz\gsl?tle to identify various control stations and methods for set- 254 078 389 078 134 -10.34 0.0000
S8 I am able to perfect the accuracy of setting-out points. 2.73 083 3.75 0.81 1.01 -8.16 0.0000
s10 | am able to_av0|d ob_stacles during traversing and radial detailing 256 092 363 083 1.08 754 0.0000
with surveying technigues.
Table 4: PO5 Modern Tool Usage Statement Means and Statistical Significance Acquired from Paired Sample t-tests
Statement Pre-test Std.  Post-test ~ Std. ~ Mean . _value
Mean Dev mean Dev Diff. P
K11 :a(lq(Si?)V:qsr?tV: to identify various types of surveying instruments or 292 0.87 3.82 073 0.90 701 0.0000
K13 ilnlyo(:\e/;sdtand the function and features of the surveying instruments 288 082 378 069  0.90 -8.36 0.0000
K15 | un_derstand that_accuracy of measurement is important than com- 358 0.85 3.88 080 030 297 0.0262
pleting the tasks in SFC.
K18 I_unders_tand that total station is an advanced version of the theodo- 344 100 405 085 061 434 0.0000
lite, which can be used for both angle and elevation measurements.
K21 | understanq that cc_entermg and levelling surveying instruments on 366 091 416 079 050 372 0.0004
control station are important.
I can use levelling instrument to estimate the angle and the distance
S11 between two points. 2.97 091 3.63 090 065  -4.56 0.0000
s13 I am ab!e to remove an(_j re-setup the T_otal Station at t_he same con- 282 092 305 158 023 11 0.2704
trol station, and maintain the its coordinate and elevation.
S15 | am able to appropriately reduce and eliminate errors in instruments 205 080 319 145 025 116 0.2480
and measurement.
| can store all natural and man-made features electronically in Total
S18 Station, during radial detailing. 2.55 0.83 3.19 159 064  -3.09 0.0029
$21 | can edit and modify LSS and Auto_CAD outputs on the computer in 291 096 279 142 059 312 0.0026
order to produce the best topographic map.
Table 5: PO9 Communication Statement Means and Statistical Significance Acquired from Paired Sample t-tests
Pre-
Statement test il Lkl G Mean ¢ \alue p-value
Mean Dev mean Dev Diff.
K16 1 understand how others perceive me. 3.09 0.89 3.64 094 055 -3.90 0.0002
K19 | can identify characteristics of a good listener. 3.36 0.94 3.79 088 043 -2.82 0.0061
K20 1 understand what effective communication is. 351 0.86 391 0.89 0.40 -3.23 0.0018
K22 | can identify different types of non-verbal communication. 2.95 091 3.80 082 085 -5.83 0.0000
K24 | understand what it means to collaborate. 341 0.96 3.98 0.76  0.56 -4.23 0.0001
s16 lam confld_ent in my ability to communicate complex engineering 289 079 3.05 154 016 -0.81 0.4180
concepts with others.
S19 | explain my thoughts and ideas in an organized fashion. 2.89 0.86 3.04 146  0.15 -0.75 0.4569
S20 | am able to collaborate with others on a given task. 3.23 0.76 3.27 154 0.04 -0.21 0.8380
S22 | am confident in my presentation skills. 2.93 0.93 297 1.49 0.04 -0.21 0.8373
$24 lam ab_le to _wrlte and p_resent technical reports at a level expected of 271 082 288 141 016 -0.87 0.3851
the engineering profession.
Table 6: PO10 Individual and Team Work Statement Means and Statistical Significance Acquired from Paired Sample t-tests
Pre-
Std. Post-test Std. Mean
Statement Es:an Dev mean Dev Diff. t-value  p-value
K12 1 am aware how my personal values affect the decisions | make. 3.40 0.95 3.80 0.83 0.40 -2.96 0.0040
K14 | understand the meaning of professional ethics. 3.24 0.93 3.845 0.82 0.60 -4.52 0.0000
K17  lunderstand my learning style. 3.42 1.00 3.85 0.89 0.43 -2.76 0.0071
K23 1 understand how I contribute to the diversity of a group/class. 3.40 0.94 3.84 0.86 0.44 -3.15 0.0023
K25 1 understand how | am perceived as part of a group. 3.44 0.95 391 0.81 0.48 -3.39 0.0011
S12 | can effectively work with various group dynamics. 3.06 0.76 3.76 0.82 0.70 -5.741  0.0000
S14 | am comfortable leading a group discussion. 3.00 0.87 2.97 1.57 -0.03 0.13 0.8983

S17 | exhibit leadership skills in and outside of the classroom. 3.00 091 3.04 1.54 0.04 -0.19 0.8531
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S23 | am able to see issues from other people’s perspectives. 3.04 0.92 3.22 1.45 0.18 -0.92 0.3603
I am able to make confident decisions when the proper amount of in-

S25 formation is provided. prop 3.16 0.91 321 1.48 0.04 -0.20 0.8402

In Table 6, 50% of the statements about individual and team workability were assessed to be not significantly different although the results
showed a slight improvement from the pre-test scores to post test scores. Based on the students’ perception, they were very positive (pre-
test mean > 3) about their ability to work as an individual before they took SFC. Furthermore, they also highly rated their initial strength
to work as a team member. In other words, the students have maintained their initial strength to work as an individual or perform as a team
member even after they completed the SFC. They probably felt satisfied with their initial skills and knowledge to work as an individual or
a team member and hence their post test scores showed a minimal improvement. Hence, it is the responsibility of instructor to further
increase team work spirits and individual motivation towards the objectives using proper and effective monitoring approaches. In summary
PO10 was not attained due to less statistically significant evidences regardless of improvement on all score values.

4. Conclusion

In Malaysia campus, the PO9 on communication was not achieved. This is probably due to the majority of SFC participants were Malaysian
students (>70%) in which English was their second language of learning. Some of them felt comfortable to speak in Malays language or
local dialects (Mandarin, Cantonese, Tamil, etc) with their peers during SFC discussion. As a result, they were reluctant to speak in English
with their team members. Such situation would affect their confidence level to communicate verbally in English as well as in report writing.
This could be improved by properly grouping and blending local and international students. In addition, student helpers or research assistant
involved in SFC as co-instructors should also be communicating with students using only English.
Another PO that was not achieved in the Malaysia campus was PO10 on Individual and Team work. Improper grouping was the main
reason for this failure. Students tend to choose their friends or strong members for the group formation, and eventually there was an
imbalance of group performance. One of the suggestion to improve PO10 is assigning the grouping based on certain criterias so that the
students would take it as a challenge to work with others and appreciate the elements of team work.
Overall, the study was successful in regard to the POs attainment. The results indicated that there were improvements in mean value for
pre- and post-tests, although some of them were not statistically significant. Some of the suggestions for future improvement were:

i)  Additional pre equipment familiarization and practical session before the actual survey field course.

ii) Impose more grouping dynamics to improve the students’ team building.

iii) Introduce team building activity for students to improve their interpersonal skills.

iv) Introduce problem analysis activity for students before the actual survey field course.

v) Conduct the survey field course off campus so that students can learn how to work, live and study together.
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