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Abstract  
Accreditation of engineering programs requires continuous improvement, and a course improvement plan helps accomplish 
this aim. Student-centered course design components for a particular course in the architectural engineering program is 
developed at Missouri University of Science and Technology. Method definition is developed and learning objectives, 
instruction types, and assessment tools are concluded with learning outcomes. Created course improvement plan meets the 
accreditation requirements partially. Learning outcomes are studied by the help of Bloom’s Taxonomy. Instruction types 
include traditional lecture learning environment and problem-based learning environment. Content priorities are also help 
to conclude targeted learning outcomes. Success of proposed curriculum development is measured by survey and the results 
are used to create course blueprint and assessment matrix. The curriculum for the mentioned course in the case study 
results in transitioning from the existing learning environment to the desired learning environment which can be used as a 
sample for similar courses. 

Keywords: Bloom’s taxonomy, learning outcome, assessment tool, instruction type, course design.

Introduction  
Curriculum needs to be improved for the program 

targeted to get accreditation. Due to the fact that, 
continuous improvement of engineering education is 
the primary target of accreditation process, what is 
known with cognitive science would be helpful to this 
process (Williamson, 2007). ABET (accreditation 
board for engineering and technology) in the United 
States provide competence banks to clarify the process 
to whom apply for accreditation (Earnest, 2005; 
Passow, 2007; Walther, 2007; Choudaha, 2008). Due to 
theoretical background and need for clarification of 
problem-based learning (PBL) in Architectural 
Engineering major, PBL was formalized at Missouri 
University of Science and Technology for building 
components design education. The proposed 
educational model includes a definition of the learning 
environment, formulation of PBL, appropriate building 
technologies, and a design guide.  Boundary conditions 
with building structural systems in learning 
environment is specified inside the proposed 
educational model and discussed in a separate paper. 
Implementing existing curriculum development 
methods and educational theories will continuously 
improve engineering education. Based on the 
hypothesis, this paper aims to redesign a course 

improvement plan, provide application methodology, 
and present a taxonomy of educational objectives of a 
particular course in architectural engineering. The 
research question is herein; how a course 
improvement plan be designed? Moreover, as a result, 
how the success of this improvement plan shall be 
measured? A course improvement plan must follow 
the interaction between learning objectives, 
instruction, and assessment. The desired 
improvements on a course curriculum comprise well-
regulated classroom activities, education theories, 
adding diverse teaching methods and better tracking 
results of teaching activities.  

Diverse courses are taught in architectural 
engineering programs and “architectural materials and 
methods of building construction” course is one of 
these courses. Mentioned course is accepted as the 
case study in this paper. The objective of the case study 
is to support program accreditation with broader 
educational goal and increase the retention of 
knowledge for students in particular. 

Active learning methodologies such as; PBL and 
hands-on learning are targeted to include into this 
course curriculum. Education of framing and panelized 
building systems is a component of the architectural 
engineering program. Early studies of this ongoing 
research  based-on  design  definitions  of  framing  and    
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Scaled model assembly of building technologies with teamwork 
(a) cold-formed steel 
framing system  

(b) timber framing 
system  

(c) mix design as 
precast R.C. system and 
timber framing system 

d) mix design as precast R.C 
system and cold-formed 
steel framing system  

            

Figure 1. Visual samples for the results of learning event as PBL 

panelized building systems are improved and 
formalized as an educational methodology. This 
approach can be used on multiple building 
technologies and particularly stick-built and panelized 
building systems are the application field of this 
educational model. Cold-formed steel framing, timber 
framing, reinforced concrete (R.C.) prefabricated 
system, autoclaved aerated concrete (AAC) panel 
system and structural insulated panel (SIP) system are 
the building technologies investigated inside this 
course. Visual samples for this learning event are 
depicted in Figure 1. Visuals are the results of scaled 
model assembly of building technologies with 
teamwork in PBL. 

The paper is theoretically divided into two 
sections; first, tools to create a course improvement 
plan are defined, then curriculum improvement based 
on this method definition for the case study is 
introduced. A literature review that include: a 
methodology for a course improvement plan; a 
taxonomy of educational objectives; a case study on an 
existing course, and; a discussion based on research 
findings are the scope of this study. Targeted audiences 
are instructors who desire improvement on his/her 
course curriculum to provide a more effective learning 
environment in engineering education. 

Literature Review and Method Definition 
Architectural education is based on getting 

theoretical and applied information. Hence, 
experiential learning theory was mostly applied to 
architecture design courses (Avci and Beyhan, 2022). 
Architectural design studios are real environment to 
run inside blended learning pedagogic model (Bregger, 
2017). Problem or project based learning (PBL) 
method has been widely adopted in engineering 
education as well because of its effectiveness on 
development of students’ professional knowledge. But, 
PBL implementation has some challenges and little 
addressed in the current researches. Moreover, less 
attention has been paid on how these challenges in 
implementation are related to the diverse PBL 
practices (Chen, et al., 2020). In most cases, limited 

implementation of PBL is seen due to the program 
curriculum offered by educational institutions. PBL 
frequently adopted inside the existing traditional 
curricula (Mann, et al., 2020). Intended learning 
outcomes (ILOs) are created and clearly formulated in 
the curriculum as PBL competences. In reality, few 
engineering institutions succeed to adopt PBL method 
in their curricula at such a level, but there are efforts 
by several institutions through that direction (Miklos 
and Kolmos, 2022). In engineering education, 
implementing active learning methods is becoming 
popular as a new method of learning process and it is 
accepted as a prerequisite to get ready to their 
professional life when they graduate (Sukacke, et al., 
2022). 

The challenge herein is; how course design 
components mentioned in Figure 2 will be integrated 
into the case study. Learning outcomes, instruction 
types and assessment methods shall be re-evaluated 
according to the context of the case study. When the 
literature review is performed, method definition is 
mostly introduced generic samples. Instead of generic 
samples, figures and tables are reproduced according 
to the case study. Due to the fact that, literature review 
focus on creation of a method definition for the case 
study in this section. Figure 2 is also accepted as 
backbone of course improvement plan for the case 
study. The methodology of instructional design stages 
is suggested as analysis, design, development, 
implementation and evaluation (ADDIE) in another 
study (Sukacke, et al., 2022). 

In order to partially meet the program 
accreditation, a course curriculum is intended to be 
improved. A course improvement plan can be designed 
by defining the taxonomy of learning objectives, 
learning outcomes, instruction types, content 
priorities and assessment tools. The improvement plan 
needs a careful analyze of course curriculum and an 
improvement methodology and measurement of 
success on applied educational model. Efforts required 
in three sections to succeed intended learning 
outcomes are depicted in Figure 3(b) (Felder, 2003).  A 
template to document course design and to create a 
taxonomy   of   educational   objectives   is   selected   as 
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Figure 2. Student-centered course design components; learning objectives, instruction, and assessment 
(Felder, 2003) 

course blueprint (Felder, 2016). Learning objectives 
with higher and lower cognitive domains are defined 
by using necessary action verbs in Bloom’s Taxonomy. 
Producing a course assessment matrix presenting 
outcome-related learning objectives is also beneficial 
during course curriculum design. 

Learning Objectives 
As a result of a learning activity, knowledge and the 

ability of learners can be specified by defining learning 
outcomes. The learners’ actions which is specified shall 
be observable and measurable. Clear expectations 
must be stated by learning outcomes used at course 
level (Figure 3(a)) (Osters & Tiu, n.d.). Knowledge, 
skills, or attitudes are introduced in outcomes. When 
planning a course, it is also recommended to take into 
consideration adjoining a couple of critical targets such 
as; communication skills including oral and written, 
interpersonal skills including teamwork, problem-
solving skills in a variety of contexts, critical thinking 
skills in a variety of contexts, information competency 
skills: the ability to access information in various 
formats. 

A taxonomy, specifically the preferred terms, can 
aid researchers search the literature by linking and 
suggesting related terms and proposing a hierarchical 
structure that helps in navigation (Finelli, 2015). The 
taxonomy of educational objectives is a scheme for 

classifying educational goals, objectives, and, most 
recently, standards. (Felder, 2016; Krathwohl, 2002). 
Bloom's  Taxonomy,  SOLO  (the  structure  of  observed 
learning outcomes) Taxonomy, EER (the engineering 
education research) Taxonomy, and Fink’s Taxonomy 
were developed to be used in tertiary education. 
Bloom’s taxonomy has been widely accepted for 
engineering education with a universal agreement that 
engineering graduates should be competent at 
analysis, synthesis, and evaluation (Bloom, 1956; 
Braband, 2009; Williamson, 2007). Bloom developed 
the taxonomy (hierarchy) of cognitive learning skills, 
allowing educators to systematically evaluate 
students' learning (Barrett, 2009; Schultz, 2005). 
Bloom’s taxonomy was revised due to need in the 
course of the time (Anderson, 2001). Sample of 
wording is as following; define, explain, solve, analyze, 
criticize, design, etc. (Osters & Tiu, n.d.; Tulane 
University, n.d.).  Figure 3(a) shows the action verbs 
(partially) in revised bloom’s taxonomy based-on 
Anderson (2001) explanation. Improving the faculty’s 
teaching ability is possible by using active learning 
methodology and a learning taxonomy can be 
developed to meet this target. Providing continuous 
improvement based on the accreditation process and 
establishing a standard terminology – a taxonomy of 
terms – aids in navigating diverse teaching methods 
and measuring learning outcomes in engineering 
education is the primary motivation for this research. 

 
a. Action verbs (partially) based-on revised bloom’s taxonomy (Anderson, 2001) 

 
b. Targeted learning outcomes based on revised Bloom’s taxonomy 

 
Figure 3. (a) Action verbs (partially) based-on revised bloom’s taxonomy (Anderson, 2001), (b) Targeted 
learning outcomes based on revised Bloom’s taxonomy 
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Based-on the course content and instruction types 
of case study, seven outcomes are decided and 
included in the method definition as a sample. 
Targeted learning outcomes of the “architectural 
materials and methods of building construction” 
course based on revised Bloom’s Taxonomy are 
depicted in Figure 3(b). 

Instruction Types 
The curriculum, the teaching methods, and the 

instructional tools shall be studied in depth to 
integrate technology into the tertiary education. David 
Kolb had introduced experiential learning which is the 
most widespread teaching theory (Ghaziani, 2013). 
Kolb’s learning cycle includes quadrants showing a set 
of activities and assist the instructor.  Teaching in each 
quadrant promotes retention, encourages recognition 
of applications, and serves the diversity of students’ 
learning styles (Williamson, 2007). Kolb developed a 
system of selecting classroom activities based on his 
research related to adult learning (ASCE, 2004; Kolb, 
1984; Williamson, 2007).  Furthermore, students use 
different ways to get information and active learning is 
one of them. Active learning and PBL methods are 
mostly interchangeable. However, using any of them in 
engineering education is highly promoted due to the 
need for highly competent graduates with problem-
solving skills in the workforce.  

Graduates of architectural engineering programs 
are expected to ensure competence in technical and 
managerial levels, effective communication, 
continuous professional progress, ability in teamwork 
and responsible professional behavior (ASCE, 2004; 
Earnest, 2005). The hands-on learning experience with 
teamwork is also highly promoted to meet program 
objectives. The educational model for this course does 
not meet a program's whole objective but contributes 
to meeting some of the objectives. Delivery of course 
material as a teaching method can be organized in 
different ways, and it is named “instruction” herein. 
These instructions include traditional classroom 
lectures, online lectures, and lab activities. On the other 
hand, active, cooperative, or PBL can be included in any 
part of these instructions. The effectiveness of these 
instructions is different from each other; basically, 
longer retention of knowledge is desired by using 
diverse teaching methods. 

Design parameters, manufacturing features, and 
building types are influential factors in understanding 
the design and building process. These are the primary 
course content for the “architectural materials and 
methods of building construction” course. Course 
content is split into five fundamental sub-title, some of 
which need enduring understanding. Wiggins (2005) 
presented that how content priorities shall be linked to 
the student learning outcomes. During the curriculum 
design of the course, content priorities shaped the 
necessary teaching methods based on the level of 
understanding. Figure 4 depicts the course's targeted 

level of understanding and content priorities based-on 
Wiggins (2005) explanation.  

Contents of architectural materials and methods of 
building construction are defined as having content 
priority and need enduring understanding. Also, the 
first two items in learning outcomes require a higher 
cognitive domain. Consequently, the action verbs 
“decide” and “design” is selected for these learning 
outcomes. In order to achieve these learning 
objectives, a learning event is defined as PBL in a term 
project.  

 

 
 
Figure 4. Clarifying content priorities for 
“architectural materials and methods of building 
construction” course 

Assessment Methods 
Assessment efforts are categorized as direct and 

indirect measures in order to collect evidence of 
student learning. These methods provide adequate 
feedback to the program to identify strengths and 
weaknesses (Maki, 2004). The two most used research 
instruments in quantitative research studies include 
questionnaires (surveys) and tests (Bachman, 2009). 
Students’ performance cannot be measured by only 
focusing on grades. But, if grading is linked with 
rubrics, it is a much better tool to identify the strengths 
and weaknesses of student performance. Two methods 
of assessment can be categorized as direct method 
with standardized exams and indirect method with 
survey (Osters & Tiu, n.d.). Learning activity has been 
measured in two methodologies, as depicted in Table 
1. The first is a direct method based on a grading 
system using a rubric and peer assessment. The second 
is used indirectly to measure the effectiveness of 
learning activity through pre-post surveys.  

Direct measurements of student learning and 
relation of these data with program outcomes are 
focused during accreditation process. (Williamson, 
2007). Direct assessment methods include paper-
based exams, multiple-choice tests, essays, 
assignments, and homework as course-embedded 
assessment, portfolio evaluation (presentation), and 
class projects (term project) as shown in Table 2. 
Indirect measurements of student learning, such as 
surveys, provide reliable feedback and can be used 
long-term to monitor the effectiveness of the teaching 
method. As an indirect assessment method, the survey 
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is intended to monitor the performance of PBL tools 
and other course materials. Success of the learning 
environment is also measured by student surveys. Pre 
and post surveys can be included for term-based 
performance measurement.  

 
Table 1. Direct and indirect assessment methods 

 
 

The usage of the quadrant in Kolb’s learning cycle 
(ASCE, 2004; Kolb, 1984) and Webb’s depth of 
knowledge (DOK) (Hess, 2006; Hess, 2013; Webb’s 
Depth of Knowledge Guide, 2009; Webb, 1997) is 
inspired to create a course-based assessment quadrant 
as an indirect method of the assessment tool. Cerovsek 
and others (2010) also suggest a quadrant to measure 
the performance of design competencies in the AEC 
domain.  
 

Table 2. Assessment tools as direct method 

 

Curriculum Improvement Plan for an Architectural 
Engineering Course 

Curriculum improvement for an architectural 
engineering course needs a specific methodology 
which is defined in method definition by the help of 
literature review. But it is not only a review but to 
create a variation of existing methodology through 
architectural engineering education. Student-centered 
course design components in Figure 2 is the primary 
method to be used to redesign course improvement 
plan in this study. Learning objectives and instructions 

are redesigned and reproduced as course blueprint. 
Course assessment matrix links the course outcome 
with the program outcome. On the other hand, 
effectiveness of learning activity is also measured to 
verify the necessity of constant development effort on 
engineering education. Instruction types are not 
discussed in depth in this study due to the fact that 
being a separate topic out of the scope of this paper. 
This paper is particularly focus on redesigning course 
curriculum based on the learning outcomes and 
assessment of learning activity. To accomplish this 
task, course blueprint and assessment matrix are 
produced for the case study. 

Course Blueprint and Assessment Matrix 
The course blueprint includes mapping the course 

goals with the objectives, learning events, and 
assessment tools. This approach is used herein to 
classify learning events by dividing the course into 
modules as Module 1; preparatory blocks, and Module 
2; PBL block. Learning objectives and course goals are 
prepared as per revised Bloom’s Taxonomy. Student-
centered course design components are derived from 
Figure 2 which are referring the outcome 1 to 5. 
Student learning objectives reflect the course content. 
Learning event is related with instruction types. 
Assessment tool is tied with rubric. Moreover, the 
course blueprint reflects the direct assessment method 
for this case study. In summary, the course blueprint, 
including partial course goals, learning objectives, 
learning    events,    and    assessment    tools    for    the  
 
Table 3. Partial course blueprint; items (a and b) 
are derived from Figure 4 
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“architectural materials and methods of building 
construction”  course,  is  depicted  in  Table  3.  Course 
description is mentioned in the course syllabus as the 
origin and the properties of architectural materials, 
methods of building construction and installation 
principles. 

In order to track program outcomes a course 
assessment matrix was constructed for the course in 
case study. Outcome-related learning objectives are 
depicted in this matrix and the entries 1, 2, 3 are 
inserted to indicate the targeted level of outcome as 
slightly, moderately, or substantively. Based on the 
methodology mentioned herein, the course assessment 
matrix for the “architectural materials and methods of 
building construction” course is generated and 
depicted in Table 4. Targeted learning outcomes are 
linked to the Figure 3b. 
 
Table 4. Course assessment matrix for 
“architectural materials and methods of building 
construction” 

 

Effectiveness of learning activities 
The course curriculum has been divided into 

modules based on content and type of learning 
environment. The survey is split into four modules: 
course content, traditional learning environment, 
hands-on learning environment, and measurement. 
The research was run for three years, and surveys 
regularly provided necessary feedback. The survey is 
performed two times per semester as pre and post-
survey. Students rated the significance of each item 
using a scale of 1 through 10 (with 1 meaning 
unimportant and 10 meaning very important). The 
average rate of the significance of each question is 
depicted in Table 5 in which pre and post surveys’ 
results belong to third year of the research. Averages 
of pre and post-survey results are used to create Table 
5. To measure the performance of the learning activity, 

an assessment method using quadrant is generated to 
provide valid and reliable data, strengthening the 
findings of PBL activity in architectural engineering. 
This quadrant consists of modules along with course 
material. Generated quadrant including results of three 
successive years presented in Figure 5. Four modules 
including course content, traditional lecture learning 
environment, hands-on learning environment and 
measurement methods are illustrated along with a 
scale of 1 through 10 in a chart. The scaling is derived 
from the survey results indexed in Table 5. This radar 
chart monitors the strengths and weaknesses of 
learning environments and course materials to enable 
the instructor to make necessary revisions. Results of 
three successive years are reflected in Figure 6, which 
focuses on traditional and hands-on learning 
environments. 

Providing design flexibility resulted in 
considerable improvement in PBL activity per the 
radar chart. Efforts to improve the educational model 
during the time resulted in positive as depicted in the 
radar chart. Enrolled students are mostly sophomore 
level due to being an introductory course. Some intern 
experiences are mainly observed among students. 
Moreover, many students have 1-2 years of work 
experience. There is a regular increment in the time in 
Figure 6 due to improvement efforts of the applied 
educational model. Cargo container design and main 
PBL activity are impacted positively due to providing 
design flexibility at building type and technology. 
There is a minor declination in item C3 in the year 2 
result because of having hardship with model making 
material of aluminum foil during assembly of the cold-
formed steel framing system. This caused a negative 
thought about the activity, which can be read similarly 
in item C4’s design guide. Hence, material features are 
directly proportional to the desired learning 
environment's satisfaction. Despite having difficulty 
working with multiple building technologies in a PBL 
environment, the overall study still got a remarkable 
value, with 7,4 out of 10 in year 2. However, after 
taking necessary actions on the PBL environment in 
the following year (year 3), the effectiveness result 
reached 8.40 in year 3 in item C3. The design guide 
results are directly proportional to the results of the 
PBL activity. Considerable improvement in cargo 
container design in item C2 is also read in the table. On 
the other hand, masonry wall mock-up activity has the 
first rank in the table each year, resulting in up to 8.96. 
2nd is teamwork in C5, 3rd is site visit in B5 and 4th is 
PBL activity. Lecture notes in item B2 also received a 
significant rise up to 8.31. Students in item C5 always 
welcome teamwork. When we compare the average 
rates of items B and C, item C (8.33 out of 10) as a 
hands-on learning environment has higher rates than 
item B (7.56 out of 10) as a traditional learning 
environment.  
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Table 5. Average significance rate of each question belongs to year three 

 
 

 

Figure 5. Assessment tool as indirect method; survey results on quadrant (average rate of significance of each 
question on radar chart)
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Figure 6. Average rate of significance of each question depicts the results of survey 

Besides the traditional lecture learning 
environment, PBL is an alternative to support teaching 
fundamentals of architectural materials and methods 
of building construction. The hands-on learning 
experience is crucial for students to improve their 
design skills, resulting in longer retention of desired 
knowledge. Based on the survey results, the PBL 
activity demonstrated, on average, a 12% improved 
retention of materials compared to the traditional 
lecture settings. Therefore, combining the educational 
methods, the traditional lecture learning environment, 
and PBL is recommended based on the survey results 
and overall student performance. Giving students basic 
knowledge on the subject enables them to proceed 
with their studies more consciously in a PBL 
environment. 

Conclusion  
Continued improvement of architectural 

engineering education, which is a necessity of program 
accreditation, is provided partially by applying 
advanced curriculum development methods and 
educational theories on a particular course. In 
addition, the taxonomy of learning objectives assures 
the overall goal of improving student performance and 
expectations. This paper shows how an existing 
learning environment can be altered by using a well-
conceived goal connected with a series of objectives 
and assessments tailored to the course being 
examined. The task is accomplished by applying clearly 
defined application methodology which includes 
student-centered course design components; learning 
objectives, instruction types and assessment tools. 
These components are transferred inside the course 
blueprint and course assessment matrix in order to 
illustrate graphically as the course improvement plan. 
Course learning outcomes meet partially program 
outcomes which is one of the main target of this study. 
Success of learning environment is measured by 
surveys each year and helps to create constant 
improvement on course curriculum. Survey results 
show that positive impact of active learning over the 

traditional lecture learning environment. Based on the 
survey results, the PBL activity demonstrated, on 
average, a 12% improved retention of materials 
compared to the traditional lecture settings. Further 
development of this method is being shared and 
implemented in other courses in the architectural 
engineering program based on these findings. The 
curriculum for the mentioned course in the case study 
results from a transition effort from the existing 
learning environment to desired learning 
environment. Classification of learning outcomes and 
implementing diverse teaching and assessment 
methods resulted in such a definition of the course 
improvement plan. Method  definition  in  this  paper  is  
recommended to educators looking to implement 
similar changes in their courses.  

Discussion on the study is mostly on its link with 
program accreditation and measurable benefits. It is 
thought that case study partially meets program 
accreditation. But this can be measured or a 
comparative analysis can be performed which 
provides a deeper analysis as a further study. 
Moreover, a more critical examination of any 
limitations of the study and the potential scalability of 
the course improvement plan would be beneficial. 
Beside these topics which have directly related with 
this paper, there are other ways we can look at the 
study from different perspectives. Having these 
experience on a particular course in architectural 
engineering brings further questions in detail as 
diverse point of view, such as; 
• How does rethinking organizational culture with 

teamwork at active learning conclude in similar 
courses in architectural engineering education?  

• What are the benchmarks between homework 
and real-life problems in active learning by using 
educational technologies? 

• How open-ended / out-of-the-box study can be 
performed effectively by students in engineering 
education? 

• How architectural engineering graduates can 
better meet the expectations of the building 
industry using PBL? 
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These research questions may help better 
understand the benchmarks of active learning with 
different aspects of architectural engineering 
education. On the other hand, performing the proposed 
course improvement plan in other related courses may 
provide a comparative analysis of applied educational 
theories. Discussion in this paper shows that further 
research can bring diverse aspects of active learning 
implementation to architectural engineering 
education. 

Conflict of interest  
The authors declare that they have no conflicts of 

interest. 

References 
Anderson, L. W., Krathwohl, D. R., (2001). A taxonomy for 

learning, teaching, and assessing: a revision of Bloom's 
taxonomy of educational objectives. Pearson publication. 

ASCE, (2004). American Society of Civil Engineers, Committee 
on Academic Prerequisites for Professional Practice, Civil 
Engineering Body of Knowledge for the 21st Century: 
Preparing the Civil Engineer for the Future, Reston, VA, Jan. 
2004. 

Avci, A. B., Beyhan, S. G., (2022). A case study on experiential 
learning in architecture: accessible, climate-responsive, 
and flexible house designs. EMARA Indonesian Journal of 
Architecture, vol. 8, no. 1, p. 14-21. 

Bachman, L., Bachman, C., (2009). Designing student learning 
outcomes in undergraduate architecture education: 
Frameworks for assessment. ARCC Journal, vol. 6, issue 1, 
pp: 49-67.  

Barrett, S. (2009). Bloom’s Taxonomy, Educational Objectives, 
Outcomes, and our Friends from ABET - An Engineering 
Case Study. [Online] Available: https://www.uwyo.edu/ 
ceas/dean/resources/workshopfiles/ blooms 
taxonomy_steveb. pdf 

Bloom, B. S, Engelhart, M., Furst, E., Hill, W., Krathwohl, D., 
(1956). Taxonomy of Educational Objectives: The 
classification of educational goals. Longman, New York. 

Braband, C., Dahl, B., (2009). Using the SOLO taxonomy to 
analyze competence progression of university science 
curricula. Higher Education Journal, vol. 58, no. 4, pp. 531-
549 

Bregger, Y. A., (2017). Integrating blended and problem-based 
learning into an architectural housing design studio: a 
case study. Journal of Problem-Based Learning in Higher 
Education, vol 5, no. 1, p. 126-137.  

Cerovšek, T., Zupančič, T., Kil, V., (2010). Framework for model-
based competency management for design in physical and 
virtual worlds. Journal of information technology in 
construction, Itcon, Vol. 15 (2010), pg. 1-22.  

Chen , J., Kolmos, A., Du, X., (2020). Forms of implementation and 
challenges of PBL in engineering education: a review of 
literature. European Journal of Engineering Education, vol. 
46, no. 1, p. 90-115. 

Choudaha, R., (2008). Competency-based curriculum for a 
master’s program in service science, management, and 
engineering (SSME): an online Delphi study. Ph.D. 
dissertation, the Morgridge College of Education, 
University of Denver.  

Earnest, J., (2005). ABET engineering technology criteria and 
competency-based engineering education. 35th 
ASEE/IEEE Frontiers in Education Conference, October 19-
22, 2005, Indianapolis.  

Felder, R., Brent, R., (2003). We are designing and teaching 
courses to satisfy the ABET engineering criteria. Journal of 
engineering education, 92 (1), pp. 7-25.  

Felder, R., Brent, R., (2016). Teaching and learning STEM: a 
practical guide. Jossey-Bass, a Wiley brand in San 
Francisco, CA. 

Finelli, C. J., Borrego, M., Rasoulifar, G., (2015). Development of a 
taxonomy of keywords for engineering education 
research. ASEE Journal of Engineering Education, vol. 104, 
no. 4, pp. 365-387. 

Hess, K., (2006). Cognitive complexity: applying Webb DOK 
levels to Bloom’s taxonomy. [Online] Available: 
http://www.nciea.org/publications/DOK_ApplyingWebb
_KH08.pdf 

Hess, K., (2013). A Guide for using Webb’s depth of knowledge 
with common core state standards. The typical core 
institute. [Online] Available: https://education.ohio.gov/ 
getattachment/Topics/Teaching/Educator-Evaluation-
System/How-to-Design-and-Select-Quality-Assessments/ 
Webbs-DOK-Flip-Chart.pdf.aspx 

Ghaziani, R., Montazami, A., Bufton, F., (2013). Architectural 
Design Pedagogy: Improving Student Learning Outcomes. 
AAE Conference 2013.  

Kolb, D.A. (1984). Experiential learning: experience as the 
source of learning and development. Prentice-Hall, 
Englewood-Cliffs, NJ. 

Krafindthwohl, D. R., (2002). A revision of Bloom’s taxonomy: an 
overview. Journal of Theory into Practice, vol. 41, issue 4, 
pp. 212-218. 

Mann, et al., (2020). From problem-based learning to practice-
based education: a framework for shaping future 
engineers. European Journal of Engineering Education. 

Maki, Peggy L., (2004). Assessing for learning: building a 
sustainable commitment across the institution. Stylus 
Publishing, LLC. 

Miklos, V. F. C., Kolmos, A., (2022). Student conceptions of 
problem and project-based learning in engineering 
education: A phenomenographic investigation. Journal of 
Engineering Education, vol. 111, p. 792–812. 

Osters, S., & Tiu, F. S. (n.d.). Writing measurable learning 
outcomes. http://www.gavilan.edu/research/spd/ 
Writing-Measurable-Learning-Outcomes.pdf 

Passow, H. J., (2007). What competencies should engineering 
programs emphasize? A meta-analysis of practitioners’ 
opinions informs curricular design. 3rd International CDIO 
Conference, June 11-14, 2007, MIT, Cambridge, 
Massachusetts, USA.  

Schultz, L., (2005). Bloom's taxonomy. Old Dominion University. 
[Online] Available: http://www.psia-nw.org/ newsletter-
articles/blooms-taxonomy-levels-of-understanding/ 

Sukacke, et al., (2022). Towards active evidence-based learning 
in engineering education: a systematic literature review of 
PBL, PjBL, and CBL. Journal of Sustainability, vol. 14, 
13955. 

Tulane University. (n.d.). Academic Assessment Cycle - Goal 
setting - Student Learning Outcomes. 
https://oair.tulane.edu/assessment/academic-student-
learning-outcomes 

Walther, J., Radcliffe, D., (2007). The competence dilemma in 
engineering education: Moving beyond simple graduate 
attribute mapping. Australasian Journal of Engineering 
Education, Vol 13 No 1.  

Webb, N., (1997). Criteria for alignment of expectations and 
assessments in mathematics and science education. 
Council of chief state school officers, Washington. [Online] 
Available: http://facstaff.wceruw.org/normw/WEBB 
Monograph6criteria.pdf 

Webb’s Depth of Knowledge Guide: Career and Technical 
Education Definitions. (2009). 
https://umpqua.edu/images/resources-

https://www.uwyo.edu/%20ceas/dean/resources/workshopfiles/%20blooms%20taxonomy_steveb.%20pdf
https://www.uwyo.edu/%20ceas/dean/resources/workshopfiles/%20blooms%20taxonomy_steveb.%20pdf
https://www.uwyo.edu/%20ceas/dean/resources/workshopfiles/%20blooms%20taxonomy_steveb.%20pdf
http://www.nciea.org/publications/DOK_ApplyingWebb_KH08.pdf
http://www.nciea.org/publications/DOK_ApplyingWebb_KH08.pdf
https://education.ohio.gov/%20getattachment/Topics/Teaching/Educator-Evaluation-System/How-to-Design-and-Select-Quality-Assessments/%20Webbs-DOK-Flip-Chart.pdf.aspx
https://education.ohio.gov/%20getattachment/Topics/Teaching/Educator-Evaluation-System/How-to-Design-and-Select-Quality-Assessments/%20Webbs-DOK-Flip-Chart.pdf.aspx
https://education.ohio.gov/%20getattachment/Topics/Teaching/Educator-Evaluation-System/How-to-Design-and-Select-Quality-Assessments/%20Webbs-DOK-Flip-Chart.pdf.aspx
https://education.ohio.gov/%20getattachment/Topics/Teaching/Educator-Evaluation-System/How-to-Design-and-Select-Quality-Assessments/%20Webbs-DOK-Flip-Chart.pdf.aspx
http://www.psia-nw.org/%20newsletter-articles/blooms-taxonomy-levels-of-understanding/
http://www.psia-nw.org/%20newsletter-articles/blooms-taxonomy-levels-of-understanding/
http://facstaff.wceruw.org/normw/WEBB%20Monograph6criteria.pdf
http://facstaff.wceruw.org/normw/WEBB%20Monograph6criteria.pdf


ASEAN Journal of Engineering Education, 8(1)  Yildirim & Baur (2024) 

10 

services/academic/assessment/downloads/Webbs_DOK
_Guide_3.pdf 

Wiggins, G. P., & McTighe, J. (Eds.). (2005). Understanding by 
design (2nd ed.). Association for supervision and 
curriculum development (ASCD), Alexandria, VA. 

Williamson, K., Koretsky, M., (2007). Course level assessment 
and improvement: applying educational pedagogy to 
ABET accreditation. American Society for Engineering 
Education. [Online] Available: http://www.engr.uky. 
edu/~aseeched/papers/2007/1259_course_level_asses
ment_and_improvement_ .pdf. 

 
 


	Learning Objectives
	Instruction Types
	Assessment Methods
	Course Blueprint and Assessment Matrix

