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Abstract

The determination of  work competence according to industrial needs that are expected by employers of
new  graduates  in  the  department  of  architectural  engineering  in  vocational  high  schools  will  help
graduates to transit smoothly from the academic education environment to the real conditions of  the
construction industry in the workplace. This research identifies which group of  competencies attributes
that graduates should have in explaining appropriate competencies according to construction industry
standards in Indonesia. The survey was conducted in 47 building construction companies consisting of  56
respondents  using  a  questionnaire  method.  Multivariate  analyses  using  the  CB-SEM method used  to
validate the evaluation model. The research analysis used quantitative descriptive and factor analysis with
the Explanatory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) methods. The EFA test
shows ten factors so that it consists of  30 items of  competency measurement. Overall, the CFA test has
met the criteria for the goodness of  fit statistics. The results of  the study concluded that the instrument
developed  met  good  validity  and  reliability  and  two  model  frameworks  for  measuring  the  level  of
achievement of  student competence in architectural techniques were feasible to use. 

Keywords  – Architectural  engineering,  Competency  achievement,  Vocational  students,  Student’s
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1. Introduction
The  provision  of  human  resources  to  improve  competitiveness  according  to  the  Global  Talent
Competitiveness  Index  2020  states  that  Indonesia  ranked  65  of  132 countries  (Forum Económico
Mundial, 2019). One of  the influencing factors is vocational and technical skills that include mid-level
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skills workforce with secondary education (Olazaran, Albizu, Otero & Lavía, 2019), employability, ease
of  finding skilled employees (Mingaleva & Vukovic, 2020) and relevance of  the education system to the
industry  (Forum  Económico  Mundial,  2019).  This  is  influenced  by  various  factors  that  are
synergistically interrelated, including policies, curriculum, education, education personnel, facilities and
infrastructure, financing  (Supriyadi,  Indro, Priyanto & Surwi, 2020), management (Vlasova,  Krasnova,
Abraukhova  &  Safontseva,  2018),  and  transformation  of  knowledge  culture  (Karstina,  Zechiel,  &
Machado, 2021).

Education is the key to improving the quality of  human resources (HR) so that they can be independent
and do not  always  depend on industry  or  employment  from other  parties  (Pratomo,  Priyambodo &
Wiyarsi,  2020;  Tsuey-Fen,  2020).  Vocational  High  School  (VHS)  is  an  educational  institution  that
formulates students to be ready to work according to competencies in the industry (Cruz, Saunders-Smits
& Groen, 2020;  Triyono,  Mohib, Kassymova, Pratama, Adinda & Arpentieva, 2020;  Tucker & Hughes,
2020), attitudes (Liu,  Chen, Yang, Liu, Ma, Craig, G.R. et al., 2020), skills (Wheelahan, 2015;  Yudiono,
2018) in their fields of  expertise that are by industry needs, meet employer requirements, and are expected
to be entrepreneurs. Apart from working in the industry, VHS graduates’ also expected to be able to
continue higher education or become entrepreneurs to create job opportunities independently (Daryono,
Rochmadi & Hidayat, 2021; Pratomo et al., 2020).

As a formal education that develops educated, skilled, and competent VHS graduates’ (Daryono et al.,
2021;  Nurtanto,  Arifin,  Sofyan,  Warju  & Nurhaji,  2020),  VHS is  deemed necessary  to improve their
quality. The current competency of  VHS graduates is still not able to bring them to excel (Ayadat, Ahmed,
Chowdhury & Asiz, 2020) and become winners in the increasingly competitive world of  work competition
(Daryono, Yolando, Jaedun & Hidayat, 2020). Motivation and the way of  thinking of  students who tend
to look for work after graduation and do not think of  looking for other alternatives such as opening their
jobs or doing entrepreneurship still dominate the minds of  most VHS graduates. This condition has an
impact on the increasing number of  unemployed VHS graduates’ (Karstina et al., 2021; Setyadi, Triyono
& Daryono, 2021; Vlasova et al., 2018).

The  world  of  work  is  constantly  changing  creating  new  challenges  for  employers  and  employees
(Berestova, Lazareva & Leontyev, 2020; Khan, Soundararajan & Shoham, 2020). The progress of  industry
resulted in the advancement of  the employment sector and the number of  workers in the construction
sector (Špaček,  Legény & Gregor,  2020).  Indonesian employment  data explains  that  the construction
sector is in the top four with 18.98% in August 2019. Employment of  the population of  each business
sector shows the ability in the construction sector in the labor absorption rate  (Subdirektorat Statistik
Konstruksi, 2019). 

The data observations  conducted at  VHS in the architecture department obtained data regarding the
recapitulation of  the absorption of  the number of  graduates in the architecture department within three
years,  from 2016 to 2019 the school year, namely 24.00%, 24.62%, and 41.79%. Absorption data for
graduates  who  have  worked  for  the  past  three  years  is  23.53%,  41.54%,  and  40.30%.  Data  on  the
absorption of  graduates for entrepreneurs during the last three years is 0.00%, 3.08%, and 2.99%. While
graduate data not detected is 63%, 30%, and 14.93%  (Badan Pusat Statistik, 2020). Based on the data
absorption of  graduates in the category of  graduates who work it can be concluded that the graduates
have not been able to work optimally.

This research is based on the number of  architectural engineering graduates who work not according to
their field of  expertise. The low readiness of  graduates to work is due to the inadequate development and
assessment  of  students’  competence.  The material  in vocational  high schools is  not  by the  needs of
industry and developments in construction technology. Therefore, the research focused on the evaluation
of  competencies implemented in VHS in architectural  engineering education,  which aligned with the
urgent  needs currently  needed by the  construction industry.  So that  the  evaluation model  is  used to
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measure  the  extent,  to  which  student’s  mastery  of  current  competencies  as  architectural  engineering
graduates to be able to work according to industry demand.

2. Methodology
2.1. Sample Construction 

This research uses descriptive research with a quantitative approach using survey methods. The population
of  this research is construction industry organizations in the field of  building construction services as
employers for architectural engineering graduates in vocational secondary education level. The sample of
respondents was 56 practices from 47 organizations in building construction companies. Data collection
was carried out through a questionnaire given to each construction company. The sample profiles in this
study are based on the profiles of  employers who responded to the questionnaire, the sector-specific civil
engineering work performed by the responding organizations, and the categories of  organizations. A list
of  construction company profiles showed in Table 1. 

Construction Industry Total Percentage (%)

Profile of  employer (N=56)

General manager 12 21.43

Project manager 14 25.00

Senior drafter/detailer 17 30.36

Senior engineer 13 23.21

Specific Sectors (N=47)

Buildings 20 42.55

Roads 12 25.53

Bridges 8 17.02

Factory/Workshop 7 14.89

Form of  Construction Services Business (N=47)

Limited liability company 19 40.43

Commanditaire vennootschap 21 44.68

Individual 7 14.89

Type of  Construction Service Business (N=47)

Planning services 20 42.55

Implementing services 15 31.91

Supervisory services 12 25.53

Table 1. Profiles of  construction companies and research respondents

2.2. Research Instruments 

The majority of  employers are high-ranking officials in their organizations. Most of  the respondents came
from the building, roads, and bridges sector, but the responses from sectors related to workshop/factory
work were also relatively significant. The majority of  organizations that participated in the questionnaire
survey  were  non-governmental  organizations.  A questionnaire  designed with  40  attributes  considered
important  at  this  time.  The  questionnaire  has  designed  for  employers  for  graduates  in  architectural
engineering  majors  based on Indonesian  National  Work  Competency  Standards  and  the  architectural
engineering education curriculum in Indonesia. The questionnaire is structured using a four-point Likert
scale where 1 indicates “not important”; 2 “quite important”, 3 “important”, 4 “very important”. Table 2
shows a list of  40 competency items in ten competency aspects. 
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Competency aspects Construct Item of  competencies

General Competencies

KU1 Independence and responsibility at work

KU2 Time discipline and hard work in doing work

KU3 Complete the work according to the specified criteria

KU4 Work together to solve problems

Technical Drawing 
Competencies

GT1 Drawing sketches

GT2 Presenting the types of  engineering drawing equipment

GT3 Drawing symbol rules on engineering drawings

GT4 Drawing notation rules on engineering drawings

Statically Structures 
Competencies

MT1 Presenting the factors that influence the building structure 

MT2 Analyzing the forces on the building structure

MT3 Calculating the balance of  forces in a simple block

MT4 Calculating the stresses that occur in the beam

Basic Building Construction 
Competencies

DKB1 Carrying out concrete construction work

DKB2 Carrying out steel construction work

DKB3 Carrying out wood construction work

DKB4 Carrying out land and stone construction work

Land Measurement 
Engineering Competencies

TPT1 Performing measurement techniques in building construction

TPT2 Performing staking out of  buildings

TPT3 Analyzing and report measurement data

TPT4 Evaluating measurement results for construction work

Software Application and 
Building Interior Design 
Competencies

APLPIG1 Creating interior pictures

APLPIG2 Creating 3D images using the material editor function

APLPIG3 Creating a room acoustic design drawing

APLPIG4 Creating interior designs and accessories in every room

Road and Bridge 
Construction Competencies

KJJ1 Presenting the results of  road and bridge construction drawings

KJJ2 Presenting the requirements for road and bridge construction

KJJ3 Drawing of  road and bridge construction

KJJ4 Drawing road construction details

Construction Cost 
Estimation Competencies

EBK1 Presenting the technical specifications of  the job

EBK2 Presenting materials specifications for construction work

EBK3 Calculating the estimated cost of  construction work

EBK4 Creating reports on construction work

Building Construction and 
Utility Competencies

KUG1 Creating building construction drawings

KUG2 Creating a utility building image

KUG3 Making a building mock-up

KUG4 Creating construction reports and building utilities

Creativity and 
Entrepreneurship Products 
Competencies

PKK1 Making mass production planning

PKK2 Making indicators of  the success of  the production stages

PKK3 Doing marketing

PKK4 Making financial reporting

Table 2. Architectural engineering competencies in the Indonesian context

2.3. Research Methods 

The validation process is carried out by testing the validity of  the construct. Multivariate data analysis used
Structural  Equation  Model  (SEM)  with  Covariance based  Structural  Equation  Modeling  (CB-SEM)‐
method  used  to  assess  evaluation  models  (Baber,  2021;  Kyriakides  &  Charalambous,  2020;  Prasojo,
Habibi,  Mukminin,  Sofyan,  Indrayana  &  Anwar,  2020;  Saleem,  Kamarudin,  Shoaib  &  Nasar,  2021;
ShayesteFar, 2020). Testing of  construct validity was carried out using factor analysis using Explanatory
Factor Analysis (EFA) (Broadbent,  Sharman, Panadero & Fuller-Tyszkiewicz, 2021;  Gok, 2021;  Hidayat,
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Zamri  & Zulnaidi,  2018;  Saifurrahman,  Sudira  & Daryono,  2021;  ShayesteFar,  2020)  and  testing  the
suitability of  the model using Confirmatory Factor Analysis (CFA) (Hair, Black, Babin & Anderson, 2010;
Hidayat et al., 2018;  Liu et al., 2020; Rodríguez-Santero,  Torres-Gordillo & Gil-Flores, 2020;  Suwanroj,
Leekitchwatana & Pimdee, 2019). EFA aims to test whether the statement items or indicators used can
confirm a factor or variable (Mateus & Hernández-Breña, 2019; Rodríguez-Santero et al., 2020; Suwanroj
et al., 2019). CFA is used to test the suitability of  the theoretical model with empirical data (Gok, 2021;
Isac, Palmerio & van der Werf, 2019), both the measurement model and the evaluation model are based
on four  indicators  (Alpaslan,  2019;  Boonk,  Gijselaers,  Ritzen & Brand-Gruwel,  2020;  Rodgers,  Reed,
Houchins & Aloe, 2020). Reliability tests were obtained based on the Cronbach Alpha value, component
factor analysis using the EFA methods intended to ensure the validity and confirmation of  construction.

2.4. Data Analysis 

Descriptive statistical  analysis,  multicollinearity,  normality,  and data reduction before applied in  factor
analysis, using SPSS 25.0 software and Amos 22.0. Multicollinearity analysis can conclude the inter-change
matrix  with  a  value  of  ≤0.90  (Kline,  2005).  The  reliability  test  used  Cronbach’s  Alpha  coefficients,
composite reliability, and average variance extracted values. The CR should be more than 0.60 and AVE
should be over 0.50 (Hidayat et al., 2018; Liou, 2021). After that, all items are included in the criteria for
the factor analysis test. 

EFA was carried out to determine the factors of  the instrument measuring the achievement of  student
competencies. The results of  the analysis based on KMO (>0.5) values, Bartlett test values (p <0.05),
MSA  (>0.5),  communalities  values  (>0.5),  eigenvalues  (>1.0),  factor  loading  (>0.4)  (Harlan  &  Van
Haneghan, 2020;  Kang,  Hense, Scheersoi & Keinonen, 2019;  Pala & Erdem, 2020). The analysis of  the
measurement model using CFA aims to test the suitability of  the theorized model with empirical data. The
main criteria for the fit  of  the model with field data are if  at least three conditions are met, namely
Chi-square (p-value >0.05), RMSEA (<0.08), CFI (≥0.90), and TLI (>0.90) (Boonk et al., 2020; Coetzer,
Susomrith & Ampofo, 2020; Creed, Hood & Hu, 2020; Liou, 2021; Syed, 2018; Ye, Strietholt & Blömeke,
2021).

3. Results
3.1. Preliminary Analysis

After the first stage in preliminary analysis related to multicollinearity and normality tests, as well as the
EFA test in the first stage, 30 out of  40 competency items passed the recommended value requirements
for  further  analysis.  The  other  10  MSA competency score  points  and loading  factors  are  below the
recommended value, and then the next analysis uses 30 competency items that have met the conformity
value standard. The 10 competency points that failed were KU3, GT2, MT4, DKB2, TPT2, APLPIG3,
KJJ1, EBK4, KUG2, and PKK1. 

Descriptive statistical results of  all competency items, the level of  urgency of  competence in architectural
engineering education that is needed by the construction industry, namely the competence of  calculating
the  estimated  cost  of  construction  work  (EBK3)  with  an  average  of  3.679,  then  competence  from
evaluating and improving measurement results in the form of  working drawings for construction work
(APLPIG4), and creating interior designs with elements, materials, models, and accessories in every room
(TPT4) with an average of  3.661. Overall, 30 items of  competence in the category of  urgently with a
mean acquisition of  3.508 out of  4.00. Simultaneously, all competency items reached univariate normality
(skewness  and  kurtosis  values  between  -1.783  to  1.95)  (Zare  &  Nastiezaie,  2019).  In  the  case  of
multicollinearity,  the correlation between the ten competency items analyzed in the construction value
ranges from 0.248 to 0.737. 

From the results of  the analysis of  the results of  the inter-item correlation matrix, all Pearson Correlation
values in each competency aspect range from 0.405 to 0.703. This shows that every aspect of  competence
has  an  adequate  level  of  validity  because  the  value  is  more  value  of  the  r- table is  0.264  and  the
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inter-correlation matrix value is ≤0.90 (Chai, Jong, Yin & Chen, 2019). Likewise for the Sig. (2-tailed), all
aspects of  the reviewed competency score are met with a result  of  0.000 (<0.005). So that the forty
competencies required for the construction industry are sufficient.

3.2. Reliability Instruments

Reliability is the stability and suitability of  each score found. According to Ekolu and Quainoo (2019), if
the CA value ranges from 0.90<x≤1.0 then the item is categorized very high, 0.70 <x≤ 0.90 is categorized
high, 0.30<x≤ 0.70 is categorized as moderate, and 0.00 ≤x≤ 0.30 is categorized low (Ekolu & Quainoo,
2019). The CR should be more than 0.60 and AVE should be over 0.50 (Hidayat et al., 2018; Suwanroj et
al., 2019). The results of  the reliability of  the instrument showed in Table 3.

No Competency aspects CA Overall
CA

CR 
≥ 0.6

AVE 
≥0.5

1 General Competencies 0.614

0.914

0.882 0.737

2 Technical Drawing Competencies 0.694 0.936 0.833

3 Statically Structures Competencies 0.860 0.900 0.774

4 Basic Building Construction Competencies 0.917 0.899 0.748

5 Land Measurement Engineering Competencies 0.847 0.858 0.676

6 Software Application and Building Interior Design Competencies 0.613 0.931 0.818

7 Road and Bridge Construction Competencies 0.776 0.971 0.921

8 Construction Cost Estimation Competencies 0.797 0.967 0.907

9 Building Construction and Utility Competencies 0.697 0.932 0.821

10 Creativity and Entrepreneurship Products competencies 0.741 0.936 0.830

Table 3. Reliability analysis of  competency items

3.3. Exploratory Factor Analysis (EFA)

The EFA test considers each item of  competence that has passed the multicollinearity test and normality
and reliability for each item. All 40-competency items stipulated in the past questionnaire were included in
the 10 competency aspects. The EFA test criteria are based on the value of  the KMO Index, Bartlett’s
Test, Measure of  Sampling Adequacy (MSA), communalities, factor loading, eigenvalues, and plot scree
(Chai  et  al.,  2019;  Mateus  & Hernández-Breña,  2019).  The  results  of  the  calculation  of  the  KMO
obtained a value of  0.801 that has exceeded the set standard value, namely 0.50 so that the scope of  each
work competency according to employer standards in the building construction industry is satisfactory.
Bartlett’s Test of  Sphericity Approx. Chi-Square scored 999.849; df  = 435; Sig. = 0.000. The next output
is the total variance explained table. Total variance explained is the percentage of  the measured construct
variance  explained  by  several  factors  that  are  formed.  From  the  initial  eigenvalues  column  in  the
cumulative sub-column, it can seem that reducing 30 items reducing it to 10 factors can explain 72.039%. 

The next step is to identify the MSA values, communalities, and factor loading. MSA is useful for knowing
and determining which variables are suitable for use in factor analysis. Requirements that must be met in
the factor analysis are above 0.50. This Communalities table shows the value of  the variable under study
whether it can explain the factor or not. The variable is considered capable of  explaining the factor if  the
Extraction value is >0.50. The next output is the matrix value on the rotating component. This value
shows the loading factor for each factor. The principle of  exploratory factor analysis is that each item
correlated with all factors, but a good item only has a high factor loading on the factor it measures. Table 4
shows the analysis results of  MSA values, communalities, factor loading, and total variance explained.

The principle of  exploratory factor analysis is that each item can be correlated with all factors, from the
results of  the analysis, the factor loading value is between 0.458 to 0.828, and this value has met the
standard because it is more than 0.40 (Harlan & Van Haneghan, 2020; Hidayat et al., 2018). The results of
the analysis state that each competency item correlated with other factors. 
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Construct MSA Communalities FL Construct MSA Communalities FL

KU1 0.707 0.756 0.561 APLPIG1 0.884 0.756 0.642

KU2 0.719 0.725 0.490 APLPIG2 0.863 0.554 0.458

KU4 0.744 0.731 0.667 APLPIG3 0.528 0.739 0.802

GT1 0.565 0.781 0.828 KJJ2 0.807 0.662 0.528

GT3 0.724 0.699 0.660 KJJ3 0.794 0.721 0.784

GT4 0.723 0.839 0.585 KJJ4 0.803 0.761 0.740

MT1 0.856 0.698 0.489 EBK1 0.854 0.640 0.491

MT2 0.869 0.782 0.657 EBK2 0.882 0.761 0.688

MT3 0.811 0.737 0.731 EBK3 0.792 0.562 0.535

DKB1 0.827 0.763 0.728 KUG1 0.751 0.638 0.707

DKB3 0.847 0.813 0.793 KUG3 0.719 0.781 0.608

DKB4 0.885 0.748 0.720 KUG4 0.666 0.649 0.743

TPT1 0.852 0.734 0.526 PKK2 0.890 0.746 0.656

TPT3 0.758 0.646 0.476 PKK3 0.781 0.763 0.794

TPT4 0.834 0.754 0.620 PKK4 0.794 0.676 0.583

Table 4. The output of  the EFA analysis

3.4. Measurement Model for Student Competency Achievement Level
3.4.1. Confirmatory Factor Analysis: First-Order Factor Testing

This study examines two measurement models to measure the level of  competency attainment of  students
in architectural engineering education majors in the Indonesian context. The CFA test is intended to verify
the factorial validity of  the measurement model. CFA can prove the suitability of  the suggested model
with the identified factor structure through the EFA test. Therefore, the CFA model presented in Figure 1
is a first-order measurement model that shows the measurement structure for the achievement of  student
competencies in architectural engineering majors in Indonesia.

Figure 1. First-order model for measuring student competency achievement levels
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The model is compared with the criteria of  goodness of  fit statistics (GOF) (Hair et al., 2010; Hidayat et
al., 2018; Huang & Hwang, 2019). The model specifications from the CFA output for factor testing in the
first order are shown in Table 5. The results of  the analysis show that in the testing, all 30 items of
competency  are  declared valid.  The  P-value  (0.129)  greater  than  0.05  indicates  a  match between the
measurement model concept and field data. The value of  RMSEA = 0.040 (≤0.08), then the value of  the
Incremental Fit Measures which includes IFI = 0.967, TLI = 0.954, CFI = 0.963 (≥0.90) qualifies as a fit
model. The first-order CFA test results for the ten-factor model are hypothesized to be very good based
on GoF criteria and the model is acceptable.

3.4.2. Confirmatory Factor Analysis: Second-Order Factor Testing

The factor structure of  this study is hypothesized and examined. Based on the results of  the second-order
CFA in the construct of  the measurement model for the achievement of  student competencies in the
architectural engineering department in Indonesia, a path diagram is obtained which is shown in Figure 2.

Results of  the model suitability test in the second-order, 12 GOF measures indicate a good model fit for
measuring the level of  achievement of  student competencies in architectural engineering in Indonesia.
Thus, it can be concluded that the construct measurement model has met the goodness of  fit statistical
requirements.  The path coefficient for the target  competency aspect on the measurement of  student
competency achievement varies between sub-constructs:  KU (0.685),  GTk (0.612),  MT (0.799),  DKB
(0.658), TPT (0.818), APLPIG (0.805), KJJ (0.721), EBK (0.801), KUG (0.660), and PKK (0.916). The
second-order  measurement  model  for  achievement  goals  also  shows  acceptable  model  suitability,
P-value = 0.251, RMSEA = 0.029 (≤0.08), IFI = 0.979, TLI = 0.974, CFI = 0.978 (≥0.90) qualifies as a fit
model. The second-order CFA test results for the ten-factor model are also hypothesized to be very good
based on GOF criteria and the model is acceptable.

Figure 2. Second-order model for measuring student competency achievement levels
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Table 5 lists model fit statistics comparing first and second-order measurement models. Because all the
requirements as a fit model are met in the first and second orders, the measurement model for the level of
competency  attainment  of  architectural  engineering  students  in  Indonesia  can  be  used  as  a  suitable
measurement model for collecting data.

Model fit criteria Parameter fit

Output

Fit DecisionFirst-order Second-order

Result 
(Default model)

P-value 0.129 0.251 ≥0.05 Good Fit

Chi-square 376.958 397.058 small –

DoF 347 379 small –

χ2/df 1.086 1.048 ≤5.00 Good Fit

Absolute Fit 
Measures

GFI 0.724 0.718 ≥0.70 Marginal Fit

RMSEA 0.040 0.029 ≤0.08 Close Fit

RMR 0.026 0.037 ≤0.10 Close Fit

Incremental Fit 
Measures

IFI 0.967 0.979 ≥0.90 Good Fit

TLI 0.954 0.974 ≥0.95 Good Fit

CFI 0.963 0.978 ≥0.95 Good Fit

RFI 0.620 0.634 ≥0.05 Good Fit

Parsimonious Fit 
Measures

PGFI 0.540 0.586 >0.50 Good Fit

PNFI 0.556 0.593 >0.50 Good Fit

PCFI 0.768 0.852 >0.50 Good Fit

Table 5. Results of  the Construct Model for Measuring Student Competency Achievement

4. Discussion
This study proves the validity and estimates the level of  reliability of  the instrument to measure the level
of  competency achievement of  students in Indonesia in the architectural engineering education program.
The EFA test results show that the respondent data from construction industry participants involves the
structure of  ten factors, namely: general competencies, technical drawings, construction techniques, the
basics of  building construction, land measurement techniques, software applications and building interior
design, road and bridge construction, construction cost estimation, construction and building utilities, and
creativity and entrepreneurship products competencies. These ten factors are hereinafter referred to as
aspects of  architectural technical competence. The structure is also by the original ten-factor structure of
determinants, the measurement of  student competency achievement. Although all 40 competency items
offered cannot be further analyzed, namely competency items with codes KU3, GT2, MT4, DKB2, TPT2,
APLPIG3,  KJJ1,  EBK4, KUG2, PKK1 because they do not meet the value criteria  in the construct
validity test. So that 30 items can be accepted for construct validity analysis. 

Based on the curriculum currently applied in Indonesia in the department of  architectural engineering for
vocational high schools, General Competencies consist of  faith and piety, nationality and love for the
homeland, personal and social character, physical and spiritual health, literacy, and creativity. Furthermore,
in the Technical Drawing subject, students learn about how students can present and demonstrate the
types  and  functions  of  technical  drawing  equipment,  then  draw  various  plane  shapes,  2D  and  3D
projections, and the ability to draw sketches and draw projections with BIM software. In the Statically
Structures subject, vocational students are taught material about building structural elements, calculating
various forces on building structures, and stresses on a simple beam. Application of  SAP 2000 software
for engineering mechanics calculations in structural planning.

The  subject  of  Basic  Building  Construction  is  a  science  that  learns  about  the  types  of  building
construction, how to carry out a job on a building construction which includes wood, concrete, steel, and
soil construction. Introduction and application of  Tekla Structure to create and plan building structure
models and steel structure models. Furthermore, the Land Measurement Engineering subject provides
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knowledge so that students understand and can carry out work on surveys and mapping. The use tools for
survey measurements are leveling and theodolite, in addition to measuring an area and 

The  subject  of  Construction  Cost  Estimation  competencies  provides  material  on  how  students  can
calculate the cost budget plan and make progress from the planned schedule of  a building construction
work. Applying the time schedule with Ms. Projects. Make technical analysis as a reference for determining
unit prices. In the Building Construction and Utility subject, students are given the material on how to
draw floor plans and details on architectural,  structural, and electrical mechanical drawings in building
construction.  Furthermore,  the  subject  of  Creativity  and  Entrepreneurship  Products  competencies
provides students with materials on how to make, calculate, test prototypes and packaging of  a product,
do  product  marketing  and  make  financial  reports.  In  addition,  conducting  product  inspections  in
accordance with the eligibility criteria and compiling a descriptive description of  the products that have
been developed.

The  CFA  approach  also  confirms  the  suitability  of  the  two  models  for  measuring  competency
achievement. As a result, the model can be used to measure the achievement of  student competencies in
architectural engineering education programs in Indonesia. The reliability of  achieving the objectives for
the Indonesian sample is largely acceptable. The findings of  this study are consistent with previous studies
(Chai et al., 2019; Hidayat et al., 2018; Mateus & Hernández-Breña, 2019). The results of  the analysis of
convergent validity and discriminant validity have fulfilled the multivariate analysis requirements.

The  urgency  level  of  competence  based  on the  average  assessment  results  of  participants  from the
construction industry obtained a category that is needed for current job competencies. All competencies
consisting of  30 statement items obtained an average of  3.508 out of  4.00.  Of  the ten competency
aspects,  the  largest  mean acquisition was  in  the  competency aspect  of  land measurement  techniques
(3.649), then estimation construction costs (3.583), and software applications and building interior design
(3.565).  This  shows that  the construction industry  places  more emphasis  on these  three competency
aspects  to  serve  as  job  competencies  in  construction  services,  especially  architectural  engineering  in
Indonesia today. Overall, every competency aspect has met the work competency requirements that are
currently  required.  Meanwhile,  of  the  30  items  of  competence  that  are  needed  by  the  construction
industry based on obtaining data, namely competence in calculating the estimated cost of  construction
work, evaluating and improving measurement results in the form of  working drawings for construction
work, and creating interior designs with elements, materials, models, and accessories in every room.

5. Conclusions
This  study aims to investigate the competency aspects  needed and must  be  mastered by students to
evaluate the competencies that a graduate has in architectural engineering education in Indonesia. To test
this  model,  an empirical  study was  conducted.  The contribution of  this  research is  multifaceted and
provides the following theoretical and practical contributions.

5.1. Theoretical Implications

The first  contribution of  this  research is to reveal competency aspects that can measure the level  of
competency  attainment  of  students  in  architectural  engineering  education  in  Indonesia.  Proving  the
validity and estimating the reliability of  the instrument is acceptable. The results of  the EFA analysis
found that the structure of  measuring the level of  achievement of  student competencies in architectural
engineering education in Indonesia has ten factors. These ten factors are competency aspects that must be
mastered by a graduate in architectural engineering education in Indonesia. The analysis confirms that
these  ten aspects  can  be  a  useful  scale  for  measuring  the  achievement  of  student  competencies  for
graduates of  an architectural engineering graduate in vocational education in the Indonesian context.

The contribution of  these two studies revolves around developing a multi-dimensional model to reveal
how many competency items are used to measure the level of  competency attainment of  students in
architectural  engineering  education  in  Indonesia  based  on  10  competency  aspects.  This  model  was
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developed based on an intensive literature review and analysis using construct validity testing. The test for
competency items that passed the construct validity was 30 out of  40 items offered. This model has
substantially explained 72.039% of  the variation in the competencies that must be mastered by a graduate
of  architectural engineering education.

Finally, this research presents an important theoretical contribution to the field of  vocational engineering
education to architectural engineering education in Indonesia. In addition, this study confirms the validity
of  the two models developed to measure the level of  competency attainment of  students in architectural
engineering  in  Indonesia.  This  is  a  recommendation  to  evaluate  the  competencies  possessed  by
architectural engineering graduates in Indonesia.

5.2. Practical Implications

Because  it  is  very  important  for  vocational-technical  education  institutions  in  Indonesia  that  provide
architectural engineering to plan the competencies that must be applied in educational programs as well as
in the learning curriculum. On the other hand, the study results and recommendations must be considered
to improve the competence of  an architectural engineering graduate according to the needs and demands
of  the construction industry as well as efforts to reduce unemployment in architectural engineering majors
in Indonesia. This study provides practitioners with the following practical contributions.

1. The results of  the formulation and classification of  competencies according to the needs and
demands  of  the  construction  service  industry  can  be  used  as  material  for  information,
suggestions, and input related to planning, implementation, and supervision of  school programs,
especially  in  implementing  school  curriculum  programs,  especially  architectural  engineering
education in Indonesia.

2. As monitoring and evaluation as well as developing cooperation with the construction service
industry such as intern ships and practices in industry and compilation of  competency curricula
in architectural engineering education.

3. Establishment of  cooperation with the construction service industry so that the competence of
graduates is by their fields and expectations
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