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I ncor porating Woodwor k Fabrication into the Integrated Teaching and

L ear ning of Civil Engineering Students
Bo Lit, Maoyu Zhang Ruoyu Jifi, Dariusz Wanatowski M.ASCE, Poorang Piroozfar

Abstract

As an alternative to the traditional structural analysigptidg computer-aided modeling and
evaluation, this pedagogical research provided an integrated teactilegening approach by
mapping cognitive domains defined in Bloom’s Taxonomy Theory in the newly launched
course named Woodwork Fabrication and Analysis for second-yedergs. The course
incorporated ancient Chinese woodwork tradition into the intedgrdearning activities
involving engineering graphics, mechanics of materials, hands-ondabn, and structural
modeling/analysis. Aiming to compare the traditional amedv courses in terms of their
effectiveness in enhancing student learning of structural engigesibjects, both courses
were designed to achieve consistent learning outcomes (e.g., lopdetreictural analysis
skills). This study demonstrated student work in engineering draavidgstructural analysis
reflecting their critical thinking and active learning in the newurse. Afterwards, students
from both traditional and new courses were surveyed in tefthe overall satisfaction of their
selected course, perceptions of the course effectiveness in enhancinggonékeng-related

skills, and expectations of the course to their further studyvankl With the student sample
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from the traditional course as the camtgroup, the comparative study revealed that the
integrated teaching and learning approach in the new couou$é lead to students’ higher
overall satisfaction and more positive perceptions of theseoeffectiveness in enhancing
structural analysis-related skills. This pedagogical studyldveerve as a reference for other
civil engineering educators in adopting integrated teachimd) laarning in lowengars’
undergraduate education.

CE Database subject headings:

Author Keywords: Engineering education; Civil engineering pedagogy; engineering
graphics; Mechanics of materials; Structural modeling; Structural asialysgrated

teaching and learning

I ntroduction

China’s annual civil engineering (CE) college graduates have numbered bet®@600 and
85,000 (China Education On-Line, 2014), more than four times of the figureihShewhich

is around 20,000 (DataUSA, 2015). Despite of the large number of CE gradu&ibma,
there have not been sufficient pedagogical studies to addresis &est issues of CE education,
specifically, 1) how could CE undergraduates learn and practiecemore effective way
whereas Chinese universities are investing more on researkttiefagiith relatively fewer
resources for and less focus on teaching and learning? 2) how couldeGmnassities have

a more integrated curriculum instead of the typical scenario with lower years’ CE education
focusing on students’ knowing and understanding-oriented learning and then moving towards
more application and analysis based learning in upper yearB®wB)could students be
motivated in a more active learning environment (e.g., the expeahspyroach introduced
by Chacon and Oller (2017) in structural subjects) by adoptingugatéaching and learning

activities to achieve a more comprehensive coverage of learningr®go



To address the aforementioned pedagogical gaps, the CE Depadmvenzhou
University in China has implemented the curriculum review andtasiace early 2016 with
the goal of enhancingwslents’ learning experience through integrated teaching and learning
methods. A lifelong learning and systematic training in the GH, fe@ressed b¥ubeckova
(2014), Bussey et al. (2017) and Phillips (2017), is also emphasized in thedupdate
curriculum at Wenzhou University. The course of Woodwork Fahoicaind Analysis (WFA),
was initiated in spring 2016 as the alternative to the toaditicourse of Computer-aided
Structural Analysis (CASA). The new WkeAurse was designed to apply students’ knowledge
in engineering graphics and mechanics of materials and to develop students’ skills in drawing,
hands-on fabrication, structural modeling and analysis in agrated approach. It differed
from many traditional courses in China’s CE education in that: 1) it was built upon the
pedagogical study of Mackechnie and Buchanan (2012), and Sanchi#lian (2013) by
incorporating hands-on activities in structural analysis; 2) it considtisdching activities by
adoptingBloom’s Taxonomy Theory initiated by Bloom (1956). The WFA and CASA courses
shared consistent learning outcomes (LOs) in structural analysis. The effacdiveness and
overall satisfaction from the WFA course were evaluayezbimparing the feedback of students
from the two courses, with the student sample from the CASA caarge control group.

This pedagogical study started from demonstrating student wadhe WFA course in
engineering drawing, hands-on fabrication, and structural modelingsanalming to reflect
their critical thinking and active learning. The main objectives of thisgmefleal study are as
follows: 1) testing the hypothesis that the two student samples in WFGABA courses had
consistent previous academic performance in the CE curriculum and simotiaation levels
in structural analysis subjects; and 2) analyzing Wkilents’ feedback in their learning
satisfaction, course effectiveness in enhancing key skills, factseof this course in their

subsequent years of study and future careers, based on the somparthe other student



sample from th€ ASA course. A certain teaching methodology in engineering educatidch ¢
serve as a reference and stimulate other educators €s@aiia 2013). This pedagogical case
would serve as such a reference to other CE programs in highatiedwn how the integrated
teaching and learning activities could be embraced as updatexiitional CE education.
Lessons learned from this new course provide insights of hownttwative integrated
teaching and learning activities in lower years of undergraduat@iEulum could work as
alternatives to traditional computeided structural analysis subjects by applying students’
knowledge in prior learning meanwhile motivating students’ study in follow-up years.
Background

The integrated pedagogical approach, involving multiple learnaityitees such as
information search, teamwork, research-driven teaching, saisii#tyy student presentation,
and industry-led education, has been applied in some existing Cgogesta(e.g., Sacks and
Barak, 2010; Amekudzi, et al., 2010; Beiler and Evans, 2015; Jainudin et al., 2015;
Gadhamshetty et al., 2018in et al., 2018). Some of these pedagogical studies adopted hands-
on activities as teaching innovations aiming to enhance the meead learning effectiveness,
such as those in geotechnical engineering (Cerato et al., 2012)thqueake engineering
(Mosalan et al., 2013), and in structural analysis (Sanchez and Millan, 20&3)elieved by
many researchers (e.g., Dancz et al., 2018) including authors of this pedagagly that
traditional hands-on learning activities are one of the mostteieteaching methods in CE
education. Information technology applications (such as Building Infamm# odeling or
BIM) in CE and built environment subjects have been undergoind dipelopment since
2010, as reported by Sacks and Barak (2010), Tang et al. (2015), Jin et al. (2053)20Q163
and Jin et al. (2018). However, the fast-growing BIM usage does notthatainis necessarily
the only effective learning tool in CE education. Hands-on learomgd complement

information technology (e.g., BIM) as another effective learning apprddudse multiple



teaching and learning activities can be embeddeddesa student performance in different
levels corresponding to cognitive domains following Bloom’s Taxonomy Theory.

Bloom (1956) defined six hierarchy levels of cognitive domain in th@i@mxy Theory,
namely knowledge, comprehension, application, analysis, syntheseyalndtion. Anderson
and Krathwohl (2001) further revised the taxonomy, which from lowehigber levels,
included remembering, understanding, applying, analyzing, evaluating, atidgr&ultiple
assessment techniques, believed by Sharma et al. (2017) to prové@@s for gaining deeper
understanding of student perceptions and learning, could be adopigdi¢ss these multiple
levels of cognitive domains. Teaching activities that involweliaation, analysis, synthesis,
and evaludbn could encourage students’ critical thinking. Active learning was identified by
multiple researchers (e.g., Youngblood and Beitz, 2001; Walker, 2003; Buebath2004)
as a key approach to develop students’ critical thinking. Meyers and Jones (1993) suggested a
few effective strategies in promoting active learning inegml classroom, including informal
group work, simulation, and case studies, etc. These strategesalba been adopted in some
previous pedagogical studies in CE, for instance, simulation-tb@sedng in Mosalam et al.
(2013), and case studies in Lewis et al. (2014) and Mostafavi @046). These different
teaching and learning strategies would create varied learning environment and students’
learning approach (e.g., deep learning and surface learning), which aratedrteltheir study
success as found out by Salmisto et al. (2017).

Besides these teaching strategies adopted in single cqumeg@gssive integration in the
CE curriculum can lead to students’ continuous improvement in their problem-solving abilities
towards project-based tasks (Jackson and Tarhini, 2016). Accordiagk®od and Tarhini
(2016), the pedagogical approach (i.e., problem-solving framewoull) be expanded from
freshmen year to upper-level CE courses. Therefore, an indivaduede could be properly

embedded into the existing CE curriculum by applying students’ knowledge and skills obtained



from prerequisites and by offering the framework or platform (prgjectbased design) for
students’ follow-up studies.
M ethodology

The methodology of this pedagogical study can be describedns t&f pedagogical
research design, course delivery, and follow-up evaluation of studentd&edba
Pedagogical research design

The semi-optional new course of Woodwork Fabrication and Ana({$tsA) was
designed for students to apply their prerequisites in engineering ¢gagid mechanics of
materials in an integrated learning approach by combining hamdnrdy,ghands-on fabrication
of woodwork, and structural modeling and analysis assistedrbguter software applications.
This new course was defined as semi-optional because sophomaidets had to be
enrolled either in it or the other traditional course entitled Comyautked Structural Analysis
(CASA). These two parallel courses shared the consistent learningmagc(LOs): 1) to
enhance skills in engineering graphics, 3D modeling, and spedsbning; 2) to enhance the
understanding of mechanics; and 3) to obtain the understanding bfdama distribution
within different structural forms or structural elements. Both WFA@ABA required students
to concurrently learn and adopt SAP2000 developed by Computemnsi&uses, Inc. (2017)
as the structural modeling and analysis tool. Before deciding whiohir@ptional course to
select, students were made aware of the consistent LOs amaib@salysis tool between the
two courses. The two courses differed in that WFA highlightetdahds-on fabrication leading
to a further structural analysis of woodwork. In comparison, CASA didheatde any hands-
on fabrication of woodwork. Instead, students in the CASA courseimawed in design, and
structural analysis of a residential building. In this pedagdgitudy, students enrolled in the
CASA course would be treated as the control group. Their percepdasds achievements

of LOs upon finishing the course would be compared with their peeseshin WFA course.



Course delivery of WFA

Fig.1 displays how the WFA course was designed and edagpinst Bloom’s Taxonomy
Theory and the theory updated by Anderson and Krathwohl (2001).

According to Fig.1, the WFA course was designed with learninygiteed mapped from
lower level domains (e.g., knowledge and comprehension of woo@mnalgand radial
sections) to higher levels (e.g., evaluation of structural anagmidts), except the highest level
(i.e, creating) defined by Anderson and Krathwohl (2001). Neverthelesgjngreelated
activities were planned in the follow-up new course in BIM adtadents finish the current
course. Therefore, this course was designed to connect both preéesgamsl future courses
for CE students in their fourth semester of study. The course consisted oésiodigrms of:
1) applying engineering graphics to produce individual drawings ofHimg lock (KML)
and four-legged octagonal stool (FLOS) (shown in Fig.2); 2) fabrication adwward; and 3)
computer-based structural modeling and structural analysis of the tatiri€z0S.

The rationale of adopting KML and FLOS as the woodwork casies was mainly to
introduce the ancient Chinese craftsmanship culture, &esthend traditional artworks into
civil engineering education. KML was invented around 2,000 years ago in China’s historical
period of Triple-Kingdom. It has been widely used as a toy fsuile and entertainment in
China. Although KML appears simple, it could be challenging boidate or assemble and it
is believed to be effective in enhancing the visual spatialligence of trainees. FLOS is a
classic woodwork in China. Although seemingly simple insitsicture, it has all cutting
surfaces sloped and could be challenging for spatial reasoning. FLOS is cahsideiele to
enhance student skills in spatial reasoning and geometric imgpdeLOS also requires high
accuracy in the fabrication process. It has superior cagaaqigsisting compressive pressure
and was thus adopted as the case study for structural an@hesi8VFA course structure and

delivery are summarized in Table 1.



It can be seen from Table 1 that i A course consisted of formal lectures, laboratory
tutorials followed by students’ exploratory learning, and working on assignment. The lecture
session focused on fabrication and structural theories. It was probigdte faculty to
introduce topics related to woodwork fabrication, structural niogleland analysis. The
tutorial session focused on the practical instruction. For exanigéns of detailed woodwork
fabrication processes were shown to students in workshops. Latyotachnicians and
teaching assistants also described detailed methods and psooésmnds-on fabrication to
students. The tutorial in structural analysis using software wassprovided in the computer
laboratory. It was common practice that lectures were felibwy tutorials. Explorative
learning was provided to students in the modules of woodworkcédion and structural
analysis. Students were trained to be familiar with fabricatiots tand structural modeling,
analysis, and evaluation in the exploratory learning hours. Eatply learning aimed to
motivate students’ creativity by letting students explore different ways of fabricating
woodwork under the supervision of faculty, technician, or teachisigtasts. Students were
encouraged to develop their ideas in the exploratory learning hourgx&ople, they could
explore alternative design and production approach in tenon strucitneesdeas developed
during exploratory learning could be adopted in their final submissigmoject assignment,
and ultimately reflected in their grades.

A combination of lecture and follow-up laboratory session ctingisof tutorial and
exploratory learning was the more common delivery methddmat typical class period. Each
class generally lasted for three hours, consisting of lectaréahratory sessions. Generally
the lecture would take a shorter period of time than the follpwaboratory session. On
average the lecture would last around one hour, and then students pemddapproximately
two hours in the tutorial and laboratory session. The asgsegsriteria of student performance

were divided into three main categories, namely design angdtibn of KML account for



30% of the total grade, design and fabrication of FLOS4a¢@nd structural analysis including
both manual and computer-based calculations (30%). Before subnu$siach assignment,
informal discussions between students and instructors wareged out in tutorial and
exploratory learning hours, as the discussion and feedbackdrefiaculty and students was
identified by Chickering and Gamson (1987) as one of recommendedtiestiin
undergraduate education.

Evaluation of student feedback

Upon the completion of the course, students from the two different courseaskerkto
provide feedback in the three categories, namely their owaralliation of the course, their
achievements of LOs, and expectations of the course to their &ituhe and career. Before
the feedback was analyzed and compared, students were surveyéeiroprevious
performance in CE-relevant courses and motivation in structurgisaarhis background
information of students was collected to test the hypothlegishe students enrolled in both
courses had consistent prior performance in CE study andarsimotivation levels in
practicing their structural modeling, analysis, and evaluation. Atmunmaire survey-based
approach was adopted to collect information regarding their background ititorraad their
feedback in terms of the three aforementioned categorifslotv-up comparative statistical
analysis was conducted to investigate the consistenciesiféeentes between WFA and
CASA courses.

The two-sample t-test, as one type of parametric methods depted in this study to test
the mean values between WFA and CASA students for eadrtiskale item within the
guestionnaire. Parametric methods have been previously appliede irfietd of civil
engineering in studies including Aksorn and Hadikusumo (2008), Mdetia (2008), and Tam
(2009). Carifio and Perla (2008) and Norman (2010) displayed the robustnessnoétpara

methods in data samples that were either small or not nordhsiijputed. The sample sizes



of 54 and 86 for WFA and CASA students respectively were considered relasiortais study.

The two-sample t-test was based on the null hypothegisstadents from WFA and CASA
courses had consistent views on the given Likert-scale Kssisted by Minitab, the statistical
software, a t value was computed for each item within thert-8cale questions and the
corresponding p value was obtained. Based on the 5% level dicgigoe, a p value lower
than 0.05 would reject the null hypothesis and indicate thdests from WFA and CASA

courses had different views on the given item.
Student Work in Woodwor k Fabrication and Analysis

Students’” workflow throughout this WFA course can be illustrated in Fig. 3, which consists of
three major deliverables (i.e, woodwork drawing, fabricated produadssteuctural analysis)
by applying different knowledge areas.

As shown in Fig.3, the work of each student was checked fooritsistency between the
woodwork drawings and fabricated products. For the structural mgaeiohanalysis of FLOS,
the structural model of each student was also checked for tisstemcy between the
fabricated product and the computer-aided model. The student work is diextezhbelow in
terms of engineering graphics of KML and FLOS, fabrication of wawkywcomputer-aided
structural modeling and analysis.

Engineering drawing

Engineering drawings of KML and FLOS were completed by stugeius to fabrication of
woodwork. Fig.4 displays an example of engineering graphrc&lf@S, including the top
view, front view, side view, and the 3D perspective of the FLOS.

Fabrication of woodwork

Following the course delivery schedule displayed in Tableath student worked on the

fabrication of KML and FLOS according to his or her owrgiesering drawing. Fig.5



showcases the fabrication workshop and examples of compleiedivork including KML
and FLOS.

Structural modeling and analysis

Following the completion of woodwork products, students utilizes dtructural software
SAP2000 to perform the simulation, analysis, and evaluation atiiheture of the fabricated
FLOS. Fig.6 demonstrates an example of structural analysis work.

Fig.6 demonstrates the structural analysis when the fabricatef BLder the load with
an adult sitting on it. Besides the structural model, momeallysis, stress analysis, and
deformation analysis, the same student work includes analised €o axial load, torque, and
shear force. Videos were produced by students to demonstratfoheation of FLOS under
the given load. Active learning and critical thinking were dtaand in structural analysis
reports. Foexample, Fig.7 displays one student’s FLOS woodwork in its tenon and mortise

connection details where thin pieces of wood skins were added to fill the voids.

In the FLOS top surface displayed in Fig.7, a student foundteatonnection between
tenon and mortise was loose. The student analyzed that thetyosrtion, which would not
be found in pure computer-aided modeling and analysis, would tais&ress concentration
along the mortise edges, and causing further issues in structiahbllitg. Therefore, the
student performed extra work by adding thin wood pieces showmyid &i fill the voids in
the tenon-mortise connection, and to ensure that the structatgsians consistent with the

fabricated model by avoiding putting extra stress on connections.
Student Feedback

In the spring of 2017, 59 and 91 students were enrolled in FWA and CABfesorespectively.
Through the questionnaire survey conducted on students from duatbes during October
2017, 54 and 86 valid responses were received, respectively. Suraeyf gaident samples

from FWA and CASA courses were compared in terms of their pnsregp) overall course



evaluation, perceptions of course effectiveness in achieving ks@&lbas expectations of the
selected course to their further study and CE career.
Prerequisites of students from both courses

The hypothesis that students from both courses had consisteéntipneerformance in CE
relevant courses and similar motivation levels to studyingtstral analysis subjects were first
tested using the two-tailed t-test. Four Likert-scale questi@ne asked to students, with 1
indicating their pervious performance was very poor or no maiivao study structural
analysis subjects, 2 being below the average performance wenyanterested in structural
analysis, 3 meaning neutral, 4 referring to above the average orifitgngsted in structural
subjects, and 5 indicating excellent or highly motivated. Table 2 stim@ndhe test results.

All p values above 0.05 indicate that both student samplésth®a highly consistent
previous performance in relevant CE courses, as shown in Table 2gBois had also
consistent levels of motivation to study structural analysis stsbi@anilar prior performance
and motivation of students in structural analysis-related curricuiondd allow the follow-up
comparison of student evaluation, perception, and expectations @lé¢lcged course, as the
only variable in this pedagogical research is the structunaise (i.e., either FWA or CASA
that students were enrolled in.

Overall course evaluation

Students were asked to evaluate the course that they were enro&upinhe numerical
options from 1 to 5, ranging from the least satisfied to tlostrsatisfied. Percentages of

students selecting each of the five given numerical options areydidptaFig.8.

Around 72% of FWA students surveyed provided positive responses twtinge by
selecting the numerical value either at 4 or 5. A mindfity., 6%) of students showed

somewhat negative perceptions towards the FWA course, but nohe student survey



participants selded 1 which represents the most negative perception. In comparison,
significantly higher percentage (i.e., 41%) of student population fro @A course selected

the neutral score, and a much lower portion (i.e.,14%) of studentsSA @&ceived the course
with a highest satisfaction level, compared to 28% in the Bivdent sample. The average
score of students’ course evaluation of FWA was 3.944, higher than that (i.e., 3.616) in CASA
The two-tailed t-sample test, with t value at 2.26 and correspopdialyie at 0.026, indicated

a significantly more positive views of students towards the F\Wiseothan their peers in the
CASA course.

Perceptions of course effectiveness in enhancing relevant skills, knowledge, and
understanding

Students were asked about how their selected course, in théeshg had impacted on their
relevant skills, understanding, and knowledge listed in Table 3gUé&ion was designed in
the Likert-scale format. Students were asked to select ome déive given numerical values
for each item shown in Table 3, with 1 denoting the course dicemisance the skill or
knowledge in the described item, 2 indicating limited enhancelnethis course to the skill
or knowledge described, 3 being neutral, 4 meaning certain pasipget or enhancement,

and 5 denoting very positive impact.

The overall mean values of the first three items in Table 3 are betweei3 iadicating
students’ perception between neutral and certain positive towards these three described skills
or knowledge, including engineering graphics, 3D modeling, and spatial negsAfthough
students from the CASA course, compared to their peers enmollEd/A, perceived slightly
more positive of the course in enhancing their skills in engmgegraphics and 3D modeling,
these differences were not significant as indicated byahd p values. The five items in Table
3 were ranked according to their overall mean values, antbphvo ranked items in both

student samples were related to structural analysis, evaluatoriyrher understanding in



structural forms. It can be found in Table 3 that students enrollatiincourses had generally
consistent ranking of the five LOs.

Although the two top-ranked LOs in both student samples aleedove the mean value
at4, indicating that both courses were perceived with positive effects in enhancing students’
skills in structural analysis and further understanding of siracforms, p values close to
0.000 resulting from the comparison of the two student samptsadfthat FWA had far more
positive impacts on students’ structural skills compared to CASA as perceived by students.
Course effects in future study and career
Students were further asked about their longer-term expectatoh&ow the course would
affect their study of upper-year core courses within the CE prograim otrerall motivation
and enthusiasm in their CE study, and the skills and knowledgeaeqgutheir future careers.
A Likert-scale question consisting of the three correspondingsitisted in Table 4 was
adapted to collect students’ feedback. Students were given the numerical options to select
among: 1 representing negative effects of their selected cautise given item in Table 4, 2
denoting little effect, 3 meaning not significantly positive effectndidating somewhat
positive effect, an& meaning very positive effect. Students were also given an extra option 6
if they were unsure of the effect of the course to the given item. Excludisg Wi chose, 6

two-tailed t-tes were performed to compare the two student samples’ survey data.

The overall mean values of each item in Table 4 were over or close toifaféfing that
students had positive views of both courses’ contribution to their upper-level core course study,
motivation, and skills needed for their future career. All p whigher than 0.05 conveyed
the information that both courses were perceived by studentsavidistently positive effect
in their future study and career. The rankings of the three iteffabie 4 were the same for
the two student samples, with the highest-ranked item beingptiree effect in their overall

CE study.



Discussion and Summary

As part of the innovation in CE education at Wenzhou Universityddian fabrication
followed by structural modeling and analysis was incorporatethanCE curriculum. By
incorporating Bloom (1956)’s Taxonomy Theory on learning domains and Anderson and
Krathwohl (2001)’s revised taxonomy, students’ learning activities described in Fig.1 were
mapped in this newly created course entitled Woodwork Fabricatioh Analysis (FWA)
Students were guided to apply their prerequisites in engineeringiggagnd mechanics of
materials in the drawing, fabrication, and structural analydisecfelected case study-Chinese
style FLOS. The traditional Computer-aided Structural Ana(@&GASA) was maintained as the
other semi-optional course to achieve consistent learningroet (LOs). Students enrolled
in CASAwere treated as the control group to study the effecte ¢T\WA course in sophomore
CE students’ learning.

This pedagogical study was divided into two major sectionsielyademonstration of
student work in FWA course, and statistical comparison of thettvde st samples from FWA
and CASA courses. Following the workflow described in Fig.3, stugerk in FWA course
was demonstrated with engineering drawings, woodwork faloicaand application of
mechanics of materials to structural modeling and analysisveAd#iarning and critical
thinking targeted in engineering education proposed by Jin €Qd8) were demonstrated
with student sample work in FWA

Following the completion of student work in these two septional courses, statistical
tests were performed tom@pare the two student samples’ overall evaluation of their selected
course, perceptions on enhancements of key LOs, as well exgéetations of the selected
course to their future study and career. Before the statisboaparison was conducted to
evaluate the three major aforementioned categories, the hyisdtiesboth student samples

had consistent previous academic performance and similar manivievels in studying



structural subjects were validated. Therefore, the variableinmhe two studet samples
would be in the FWA course which incorporated hands-on experieficool usage for
woodwork fabrication. In comparison, students enrolled in CASA adadpkedraditional
residential building for structural modeling and analysis. Though btident groups had
consistent views on the course’s enhancement on their engineering graphics, 3D modeling skill,
and spatial reasoning capability, students enrolled in FWAfearel with significantly higher
overall satisfaction of FWA and more positive perceptiong of enhancing their skills in
structural analysis and further understanding on local force distmbut could be inferred
that integrated teaching and learning activities incorporatingdian fabrication actually led
to more significant enhancement in further structural anabsis evaluation, beyond the
hands-on skill itself.

Despite the more positive overall evaluation and perceptions in enbdheir structural
analysis skills, students from both courses had generallystemsand positive evaluation of
the selected course in meeting their expectations and impaagingdllow-up studies. Both
student samples had also highly positive views on the courseseaffeébeir upper-year studies
in CE core courses, motivation and enthusiasm in CE field, asas/gkills and knowledge
needed in their future professional career. These consistent Wewstudents from both
courses inferred that traditional structural analysis course in this peddgbgibastill had its
own merit, epecially in influencing students’ follow-up learning and practice. Traditional
courses may also have its own advantages especially congitlegiconstraints of laboratory
resources needed in hands-on fabrication-involved alternative souksementioned by
Mackechnie and Buchanan (2012), universities are under pressure to cut thgeeapen
laboratory education for engineering students.

The traditional undergraduate curriculum of CE programs in many Chimegersities

still focuses on aligning lower level domains (i.e., rememberingiaddrstanding) defined in



Bloom’s Taxonomy Theory and Anderson and Krathwohl (2001) in lower years’ teaching, and
then starts aligning applying, analyzing, and other higher domain levels inygapsrof their
CE programs. Throughout the delivery of this FWA course, reseatosigsed that multiple

alignment levels beyond remembering and understanding could be incorporated in early years’

undergraduate CE programs. According to Rios et al. (2010) andeSalia(2013), certain

teaching methodology adopted in one course or program could be extentrezt fragrams
or for other educators within the same field to incorporate. Simildwdydéveloped integrated
pedagogical approach in this FWA course adopting variousitggpractivities targeting
multiple skills (e.g., hands-on fabrication and computer modelingldcalso be applied to
other CE programs and employed by a wide range of educators @GEtllemmunity. The
initial findings from this pedagogical research would providghis for further promoting the
hands-on learning to a wider student population covering multigligiptines including
architecture, CE, and other engineering subjects. Facultig® iICE program of Wenzhou
University would address the issue of maintaining the education resauthes\WFA course
meanwhile increasing the multi-disciplinary feature as sugdds¢ Dederichs et al. (2011),
Saleh and Pendley (2012), Clevenger et al., (2017), Sharma et al. (2@l ¥,r¢h et al.
(2017) for future course delivery.

Conclusions

This pedagogical study introduced the new course of Woodwork Fébnieand Analysis
at Wenzhou University. It was designed and delivered througlraitsl teaching objectives
and multiple learning activities (e.g., hands-on fabricationadwork) which were mapped
against Bloom’s Taxonomy Theory and its updated cognitive domains. As an alternative to the
conventional course entitled Computer-aided Structural Analysis, WHA course was
designed to achieve consistent learning outcomes in ternegiheering graphics, 3D

modeling, spatial reasoning, and further learning in structuralysisa. This WFA course


https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjnmIqClZTXAhWDtxoKHY8wD08QFgg0MAI&url=https://en.wikipedia.org/wiki/R%C3%ADos&usg=AOvVaw29Zi3Kweho8Bp7p7u3MZGF

demonstrated second year CE students’ work in applying engineering graphics, hands-on

woodwork fabrication, and software modeling for structural analysislests were motivated

with their critical thinking and active learning. Students’ feedback of the post-course-delivery
from both semi-optional courses was collected and comparagsifgc on their overall
satisfaction, their perceptions of the course’s effectiveness in enhancing CE-related skills, and
their longer-term expectations of their selected course on their futugesstdctareer. Based
on the fact that students enrolled in both courses hatbtisstent previous performance and
similar motivations towards structural analysis, the followinglifigs generated from the
comparative study could serve as references for other highetiedunatitutions in CE field:

e The skills and knowledge that students gained through the intégeatshing and learning
activities could generate more positive feedback in oveedisfaction of the course, as
well as more positive views on the course effectiveness;

e Integrated teaching and learning (e.g., hands-on fabrication) cadddemore positive
perceptions on the course’s effectiveness in improving their structural analysis skills. It was
indicated that handsa learning activities could not only improve students’ skills in
fabrication itself, but also assist in developing students’ further skills described in the
learning outcomes (i.e., structural analysis and evaluation);

e Multiple levels of cognitive dmain according to Bloom’s Taxonomy Theory can be
applied in the early of CE education to achieve multiple lagrautcomes corresponding
to remembering, comprehension, applying, analysis, and evaluationstititions do not
need to wait until upper years to incorporate higher lefetsgnitive domains in teaching.
Instead, the integrated teaching methodology, framework, tiopradeveloped in lower

years’ CE undergraduate education can be continued in upper-years.



e Traditional courses such as computer-aided structural modetirgnatysis still have their
own merit, and could also lead to consistently posérectations from students regarding
the course effect in their future study and career.

This pedagogical study provides insights of how the integradhing and learning
activities in lower year’s CE education can be implemented to apply students’ prior knowledge
meanwhile motivating their future studies and professional cdfatire pedagogical work in
this WFA course would recruit students from other discipl{ees., architecture) to join civil
engineering peers and evaluate the learning effectiveness according to students’ multi-
disciplinary perceptions. The longeim effects of this innovative course in students’ follow-
up learnng and practice will be tracked upon students’ degree completion. As follow-up
teaching for junior and final year students in the same CE curriculumngfieeering graphics
of the Kong-Ming lock and the four-leg octagonal stool can be integrete&IM course for
students to continue the case study by creating new membgrs BIM digital library at
Wenzhou University.
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Table 1. The WFA Course structure of integrated woodwork design, fabricatidn, an
structural analysis

Module Teaching and lear ning activities Study hours
Lecture Tutorial Exploratory Assignment
lear ning (approximate)

Introduction Course description including 4 2 0 1

prerequisites, teaching contents,

learning outcomes, and laboratol

orientation
Woodwork  Learning the basic design 4 6 0 6
design software- Sketchup; presenting

the Chinese traditional

woodwork; showing the structure

of the KML and FLOS with

Three-View of KML and FLOS
Hands-on Learning the basics of the 10 12 10 30
work of woodwork from both tutorial
woodwork videos and handoytgutorial for

utilizing manual and electrical
tools for woodwork fabrication
provided bya senior woodworker
and two tutorsstudents’



completion ofKkML and FLOS
fabrication in workshops

Structural Learning the basics of the 7 9 9 10
analysis and structural analysis software;
simulation simulating FLOS in the different

loading patterns; assessing the

stress-strain contour and its

localization; evaluating the effect

of the leg angle on the structise

responsg Completing the

structural analysis and presentin

the report

Total hours 25 29 19 47

Table 2. Test results of student prerequisites in the two courses

Item Studentsfrom FWA | Studentsfrom CASA | Two-samplet-test results
Mean | Standard | Mean | Standard | tvalue p value
Deviation Deviation
Previous Engineering | 3.537 | 0.719 3.535 | 0.807 0.02 0.987
performance| graphics
in: Mechanics | 3.463 | 0.794 3.372 | 0.752 0.67 0.503
of materials
and analysis
Other prior| 3.519 | 0.863 3.453 | 0.777 0.653 0.653
relevant CE
courses
Motivation in  structurall 3.519 | 0.746 3.512 | 0.851 -0.05 0.960
analysis subjects




Table 3. Test results of student prerequisites in achieving LOs

LO Item Students from FWA Students from CASA Two-sample t-test
results
Mean Standard Rank Mean  Standard Rank tvalue pvalue
Deviation Deviation

1. Engineering 3.833 0.694 4 3.895 0.812 4 -0.48 0.631
graphics skill
2. 3D modeling skill  3.759 0.725 5 3.930 0.716 3 -1.36 0.175
3. Spatial reasoning 3.889 0.718 3 3.837 0.765 5 0.40 0.687
skill
4. Structural analysis 4.796 0.451 1 4395 0.830 1 3.70 0.000*
in terms of

interpreting

simulation results and

evaluating structural

optimization

5. Understanding on  4.648 0.482 2 4.163 0.893 2 4.17 0.000*
local force distribution




in various parts of
structural forms

*: ap value lower than 0.0@dicates significant differences of students’ perceptions on achievement of the

given LO item.

Table 4. Expectations of the selected course in CE study and professional career

Item Students from FWA Studentsfrom CASA

Two-sample t-test
results

Mean Standard Rank Mean  Standard Rank tvalue pvalue
Deviation Deviation

1. Upper-year studies 3.980 0.721 3 3.924  0.797 3 0.41 0.685
of core courses in CE

2. Motivation and 4.137 0.664 1 4013 0.803 1 0.97 0.336
enthusiasm in overall

CE study

3. Skills and 4.040 0.755 2 3.949 0.788 2 0.66 0.513

knowledge needed for
future career

*: ap value lower than 0.05 indicates significant differences of students’ perceptions on achievement of the

given LO item.
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Fig.2. Demonstrations of Kong-Ming lock and a four-leg octagonal stool
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Fig.3. Student workflow within the course
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Fig.4. An example of student work applying engineering graphics to FLOS
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b) An example of students completed woodwork products (i.e., FLOS and KML)
Fig.5. Students’ fabrication of woodwork
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a) Structural model of FLOS b) Moment analysis
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c) Stress analysis d) Deformation analysis
Fig.6. Structural analysis of woodwork



Fig.7. Tenon and mortise in the FLOS top plate surface
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