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Abstract  
The present research aimed to reveal whether an augmented reality (AR) direction method 
would result in more rapid job accomplishment times, reduce mental workload, and have lim-
ited faults for simple duties in operational programming. This paper proposes a marker-based 
mobile AR application called SIPEMA-AR to improve the sustainable, innovative training 
module to provide interactive content in the form of  work instructions for the water meter 
reading process in the context of  a regional water company of  workers’ training. Previous 
research on technical work which directly compared AR directions to conventional direction 
methods (e.g., paper) appeared which AR directions can increase technical work. However, 
this needed to be more accurate for modest duties in an operational setting. Applicants fulfilled 
modest technical tasks on the SIPEMA-AR application utilizing AR and paper command 
methods. The research results indicate that AR instruction has a significant influence on the 
time needed to do the task could be categorized as fast and the mental of  workload could be 
categorized as low. Using AR instructions before paper instructions provides training that 
sustainably builds on paper instructions. The SIPEMA-AR application can be used as a sup-
port for modest tasks that focus on operational work. The SIPEMA-AR application can avoid 
problems that occur in operational work. This is because the time, effort, and funds needed in 
operational work can be minimized and provide maximum results.
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can be assessed based on multitasking skills 
Research by Wahyuni at all (2023).shows that 
access to information can increase rapidly due 
to the ability to scan space by carefully moving 
the head. As a result, mobile learning applica-
tions can improve and develop with initiative 
and innovative concepts. The initiative focu-
ses on problem-solving or independence skills 
by practising motion based on pre- designed 
guidelines Wahyuni at all (2023). It plays an 
essential role in gaining knowledge, experien-
ce, and information to improve capabilities in 
working remotely.

Augmented Reality (AR) can be used 
to minimize the costs required for cognitive 
distance. Operators can increase their skills 
to utilize physical space by implementing it in 
the environment. It can provide an authentic 
experience because a visual form can appear 
physically Wahyuni at all (2023). Operators 
must focus on one space, namely informa-
tion or physical, to minimize work and time 
with maximum results Wahyuni at all (2023). 
The operators will use paper instructions for 
joining the information space, following the 
instructions, understanding each element in 
the physical space, and checking and changing 
the location from visual to physical form. It 
is called AR, where visual forms that can be 
images, text, and diagrams can become phy-
sical forms.

AR cues are helpful as a distraction for 
the operator to focus on information in its 
physical form. Operators can get information 
directly through visual indicators around the 
target so that the operators can understand 
the tasks in physical form. However, this can 
harm operators because they will not get their 
needs. The task display will accumulate and 
multiply if  the physical size is large. AR cues 
can make them distract the operator’s attenti-
on to stay focused on the task place. In additi-
on, if  the operators are not currently focused 
on the task, an arrow-size task object will be 
placed on the display where the operator is lo-
cated. It helps switch back to the task without 

INTRODucTION

Augmented Reality (AR) is essential in 
instructional work because AR provides prac-
tical steps to achieve research goals. Instruc-
tional work focuses on work capable of  cre-
ating a valuable paper medium by designing, 
installing, and publishing it to the public, 
Wahyuni at all (2023). The process of  instruc-
tional work is very complicated such as exp-
lanations in the form of  text, images, tables, 
figures, etc. Wahyuni at all (2023). That is why 
time is really needed in instructional work be-
cause operators have to learn all the elements 
needed in paper instructions. The result is that 
they can create valuable and practical works 
for life. This is supported by Wahyuni at all 
(2023), that the operators need about 45% of  
their working time to get much information to 
support their work.

Instructional work can be divided into 
two parts, namely physical instructional work 
and informational, instructional work Wa-
hyuni at all (2023). Informational, instructio-
nal work focuses on information obtained by 
operators by searching, collecting, and sum-
marizing. Physical instructional work focuses 
on checking that information to investigate 
the needs of  the instructional work. Therefore, 
operators must have competence in obtaining 
information.

A distance or gap between the two parts 
is due to the separation from the part in the 
instructional work, but both are mutually 
continuous; this is called cognitive distance 
Wahyuni at all (2023).Based on the particular 
context, these two sections require resources 
in the form of  attention and cognition by orga-
nizing, studying, revising, and linking the two 
sections so that they have a positive impact on 
the instructional work.

Operators have a responsibility in this 
instructional work that focuses on informati-
on and physics because they must be able to 
multitask in the work process. This relates to 
the increased skills in working memory, which 
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visually scanning Wahyuni at all (2023).Seve-
ral steps can be used to research the effect of  
AR instructions Wahyuni at all (2023).

This research aimed to compare the ef-
fect of  AR and paper instructions supported 
by the quantitative results that became reports 
and evidence for these comparisons. In additi-
on, this research aimed to provide information 
related to the Augmented Reality (AR) direc-
tion method that can minimize the processing 
time needed to complete the work to reduce 
the workload and avoid problems in functio-
nal programming. This research proposal is 
a marker-based mobile AR application or SI-
PEMA-AR, practical as a training innovation 
or a forum for interactive content in the form 
of  work instructions on water meter readings 
that focus on training Regional Water Compa-
ny workers. 

Current technological developments 
have supported the learning and training pro-
cess. Many media, information, and features 
on today’s mobile devices have developed. 
Augmented Reality (AR) is a technological 
development that plays an essential role in 
learning and training. AR is useful as an in-
teractive medium that focuses on merging 
virtual media that can be integrated into the 
real world. It can give users a more authentic 
and genuine experience Wahyuni at all (2023). 
This is supported by Wahyuni at all (2023), 
who that AR significantly influences its users 
in understanding objects that come from vir-
tual forms that are more detailed than reality. 
Then it appears physically so that users can 
better understand the object. These objects 
can be videos, live broadcasts, and images. It 
is based on the needs of  the learning and trai-
ning process.

AR plays an essential role in education 
because, with AR, teachers can provide an 
interactive and innovative learning process. 
After all, students will be more motivated to 
learn. They will get more authentic and ge-
nuine experiences than just explanations from 
the teacher without any supporting media for 
the learning process Wahyuni at all (2023).
AR can be developed with current technolo-

gical developments, including a mobile device 
Wahyuni at all (2023). To run effectively and 
efficiently, the mobile device uses must-have 
features supporting the learning process, such 
as flexibility and social, personal, and learning 
contexts Wahyuni at all (2023).

AR positively impacts the learning and 
training process because, besides having aut-
hentic experiences, AR can also be used as a 
gamification medium to create an interactive, 
fun and meaningful classroom atmosphere for 
students participating in the learning process. 
Students will more easily understand learning 
material, improve their learning abilities, and 
gain new experiences. It also supports teach-
ers in providing student assessments in follo-
wing the learning process.

Research conducted by Wahyuni at all 
(2023).focused on comparing the time requi-
red to assemble a car door using AR assembly 
instructions, expert instructions, and tutorial 
paper instructions. Participants who partici-
pated in this research received the assembly 
task using this method randomly. The results 
of  this research indicate that the fastest time to 
complete the assembly task is the instruction 
from the expert, then the AR instruction, and 
the last is the paper instruction. In addition, 
based on the assembly task results, AR can mi-
nimize the time needed to complete the task, 
especially in installing window controllers. It 
differs from using paper instructions which 
require more time than paper instructions 
to complete the assembly task. However, the 
simple and repetitive tasks are similar, especi-
ally attaching wire clips.

Another research by Wahyuni at all 
(2023).focused on the performance results 
obtained using AR instructions, mainly flip-
ping switches, removing bolts, and connecting 
cables. This research was done by changing 
manual images and text into virtual displays 
as primary objects. This research indicates 
that the maximum performance results are 
by using AR instructions instead of  manual 
instructions. This proves that participants who 
use AR instructions can speed up the process 
because they can get information regarding 
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the next task to maximize performance results. 
In addition, the time required to complete the 
task using the media is different; however, this 
research focused on simplifying the task by 
avoiding displaying information related to the 
task.

Subsequent research by Wahyuni at all 
(2023) examined motorized vehicles’ com-
bustion chambers using AR and traditional 
instructions. This research was carried out by 
displaying images on mobile phone screens as 
the basic concept of  this research. This rese-
arch indicates that AR instruction significant-
ly affects time efficiency, minimizing errors 
and maximizing results. Participants in this 
research stated that the use of  AR instruction 
could assist them in completing this complex 
task.

From the results of  the studies that have 
been described, the main focus is the use of  
AR instructions which have an essential role 
in procedural work. AR instructions are belie-
ved to minimize task execution time and ma-
ximize performance results. There are various 
examples of  assembling using AR instruc-
tions, especially making toy blocks that can be 
completed efficiently and quickly Wahyuni at 
all (2023).

WahAR instructions also can be used for 
motor vehicle combustion chamber assembly, 
which showed maximum results Wahyuni at 
all (2023).Finally, the use of  AR instructions 
for more complex tasks, especially car door as-
sembly Wahyuni at all (2023).Unfortunately, 
AR instructions are difficult to use in carrying 
out the simple task of  assembling a car door, 
especially attaching wire clips Wahyuni at all 
(2023).AR instruction also needs maximum 
results against simple tasks, such as flipping 
switches Wahyuni at all (2023).However, AR 
instruction can provide a low mental work-
load. Even though it significantly influences 
procedural work, AR instruction can cause 
problems, especially problems in the size and 
weight of  the devices used in the procedural 
work Wahyuni at all (2023).

METHODS

This research was followed by 36 staff  
of  Regional Water Company at Buleleng Re-
gency aged 22 to 52 years. The researchers give 
information about visual acuity, motor cont-
rol standard, and experimental hypothesis. 
In addition, this research obtained informed 
consent from each participant. This research 
was carried out by designing a notional pro-
cedure to install and maintain this instrument. 
This research was carried out by giving assign-
ments to all participants, namely, reading the 
water meter. All participants used AR instruc-
tions and paper instructions to input the water 
consumption volume into SIPEMA-AR.

Figure 1. SIPEMA-AR Application

current Research
This research focused on using AR 

instructions integrated with the SIPEMA-AR 
application, which aimed to determine how 
fast the time needed to do the task was, whet-
her the mental workload could be categorized 
as low, and the errors that occur in its imple-
mentation in procedural tasks. This research 
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was carried out by displaying AR instructions 
as an application. The application provided an 
understanding of  work procedures in reading 
water meters and estimating the time needed 
to make it more efficient. This was due to 
the speed at which physical objects in infor-
mation space were integrated into a natural 
environment. The research hypothesis was 
that the research participants could complete 
tasks quickly, reports from participants that 
the mental workload could be categorized as 
low, and errors that occur during work imple-
mentation could be minimized. This is becau-
se AR instructions are more effective and effi-
cient than paper instructions.

Instruction Method
The primary paper instruction method 

used basic procedural instructions for SIPE-
MA-AR. Paper instructions can be used as a 
checklist for procedural tasks. It consists of  the 
customer’s name, water id number, water level 
number, and catchment area where the water 
meter is located. Traditional instructions are 
developed using technological developments, 
namely AR instructions. It aims to make it 
simpler and different, but the information 
contained in it remains the same. In the expe-
rimental process, this research was carried out 
by attaching a paper checklist to a clipboard. 
All participants could hold a clipboard and 
place it on a table nearby. For every task they 
completed, they must put a tick mark on each 
task on the paper checklist. If  they had given a 
sign, they could continue the next task.

The AR instruction method makes it 
easy for participants to see a virtual checklist 
in the centre of  the instrument and see the-
se essential task areas. The AR instruction 
method also displays the customer’s name, 
water id number, water level number, and the 
catchment area are displayed. In addition, the 
AR instructions also have three types of  cues 
(Figure 1). The researchers started this rese-
arch by showing a display of  a virtual boun-
ding box in the target water meter area as the 
primary source. After that, each participant 

was given the name of  the target water me-
ter as a virtual procedure. Finally, a small vir-
tual symbol appeared on the screen to direct 
the participant’s attention to the target water 
meter. It occurred when the target water me-
ter was not visible to the participants or users. 
After receiving the approval order, the column 
was finished with a check mark. It means that 
participants had completed the task and were 
going to the next task.

Procedure
After the participants completed the 

tasks given in this research, they were requi-
red to fill out a questionnaire that contained 
their experiences participating in this research 
process which focused on AR and VR instruc-
tions. Researchers provided information to 
participants regarding the science instruments 
that were the experimental material and an 
overview of  the assignment. In addition, parti-
cipants also did one block of  15 tests based on 
the use of  instructional methods. Previously, 
the participants had been given three opportu-
nities to try or practice the trials. It is intended 
so that participants get used to it and under-
stand each element in the trial. If  they do not 
understand, the research can provide a deeper 
understanding. Participants were also given a 
long time to adapt to the trial until they were 
ready to work on each trial block. Therefore, 
participants must learn to read procedures, 
especially inputting meter data, to carry out 
tasks using the SIPEMA-AR application.

Each participant in this research at-
tempted to do the task quickly, briefly, and ac-
curately or without the slightest error. Before 
this research started, the researchers asked all 
participants to check SIPEMA- AR in detail, 
especially a stable system. The time to comp-
lete the task was recorded by each participant 
using a stopwatch. After they give the check to 
the box in the paper instruction, the trial could 
be stated done. AR instruction method requi-
red participants to capture image objects after 
completing the task. In addition, the estimated 
time to do the task was 90 minutes.
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RESulTS AND DIScuSSION

Results
This research was carried out with the 

experimental running time (in seconds) sub-
jected to 2 (type of  task: reading the vertical 
water meter, capturing the vertical water me-
ter) x 2 (experimental order: A, B) x 2 (instruc-
tion methods: AR, paper) x 2 (instruction met-
hods: first AR, first paper) ANOVA (mixed 
analysis) and group influence. The research 
result showed the water meter reading expe-
riment (M= 33.58, SD= 9.14). This means 
rapid than the standing water meter capture 
experiment (M= 54.22, SD= 11.72). This is 
supported by the influence of  main task, F(1, 
21) = 191.23, p < 0.001. The researchers asked 
all participants find the standing water meter 
without any help at all. The SIPEMA-AR 
application is a more modern development 
of  paper instructions that have a function as a 
target water meter guide. Based on the experi-
ences of  all participants, they stated that they 
were able to complete tasks faster by using AR 
instructions (M = 36.24, SD = 11.45). While 
the use of  paper instructions took more time 
to do the task (M = 51.14, SD = 17.38). This 
result is supported by the main effect result in 
the instruction method, F (1, 21) = 32.67, p < 
0.001. These results would be tested further to 
get valid results.

The instruction method and the instruc-
tion method sequence are related to each other, 
F (1, 21) = 22.45, p < .001. Researchers tested 
these results using the ANOVA test to provide 
more in-depth results in the instruction met-
hod sequence. This research also showed that 
completing experiments using AR instructions 
can be categorized faster than paper instruc-
tions (Figure 2). This happened when the par-
ticipants completed the task using the paper 
instructions before the AR instructions. The 
participants will complete tasks faster if  they 
start using paper instructions and then use AR 
instructions. This has a significant influence 
on using AR instructions, especially on the 
estimation of  the time needed to do the task. 
Yet, the use of  AR instructions before paper 
instructions showed no significant difference 
in the time needed to complete the task using 
both instructions. Furthermore, the resear-
chers checked for errors that occurred in using 
the two instructions by using a sample t-test. 
These results indicate that there is no differen-
ce that becomes significant influence, t (21) = 
-2.134, p = .213, d = 0.24. Errors still occurred 
in both instructions, namely AR instructions 
and paper instructions. Therefore, the resear-
chers attributed this result and the tasks.

The results of  this research indicate that 
the time required to experiment using AR 
instructions can be categorized as fast (32.12 

Figure 2. The Impact on Instruction Method for Average Experiment Accomplishment Time
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seconds) compared to paper (39.68 seconds). 
There is a transfer of  training in the process of  
using AR instructions, which can increase the 
number of  subsequent procedures that focus 
on using paper instructions. In addition, par-
ticipants in this research stated that the men-
tal workload was low using AR instruction. 
However, these two methods did not have a 
significant difference in the errors made by the 
participants in this research.

Discussion
The research results are fascinating be-

cause the researchers carried out it simply by 
reading and capturing the water meter. The 
research novelty is the existence of  hardware 
integration in the form of  the development of  
AR instruction technology which significant-
ly influences procedural work. This is believed 
to improve development, especially in virtual 
perception and user interaction. In addition, 
another difference between this research and 
previous research is the existence of  the trai-
ning. This research focused on participants 
with no experience using this research instru-
ment, while [18] focused on participants with 
experience in their research. In addition, [18] 
focused on novice participants with different 
assembly tasks but still used AR instructions. 
Further research focusing on AR instruction 
needs to be carried out to support this rese-
arch. So, there is other information related to 
AR that can improve procedural work for ope-
rators who perform ordinary or routine tasks.

Practical Implications
The practical implication of  this rese-

arch is procedural work in the operation of  
regional water companies using complex and 
validly tested instruments and documenta-
tion. Researchers need time to make instru-
ments and documentation to succeed in this 
research. The researcher focuses on simpli-
fying the paper instruction method into AR 
instruction, which is expected to affect pro-

cedural work significantly. In addition, resear-
chers also hope that the performance results 
of  more complex tasks can be further impro-
ved by using AR instructions.

Transferring of  training using AR 
instructions can train new staff  to understand 
water meters. The participants in this research 
used the sans procedures and instruments 
designed by the researcher for the first time. 
The results showed that although they had no 
experience using AR instructions, they experi-
enced increased performance in the assembly 
task. Even though they only got a short time 
to learn the elements of  AR instructions. It 
proves that AR instructions are easy to under-
stand and significantly impact completing as-
signments on time. However, what needs to be 
emphasized is that if  humans make an error in 
the procedure, problems will have a negative 
impact, such as loss of  important information 
data, wasted time, and much money needed 
to overcome this problem[19]. Therefore, this 
procedure must be carried out correctly in or-
der to have a positive impact.

cONcluSION

Although the results of  this research 
indicate that the use of  AR instructions sig-
nificantly influences procedural work, the 
research’s limitations were the tools used 
in the research. Participants stated that they 
found using the features on the device chal-
lenging. They must be able to focus on virtual 
and physical objects. This makes them divert 
their eyes to two essential points for maxi-
mum work results. Researchers hope that with 
technological developments, there will be in-
novations, namely devices that can be lighter 
and display a wider field of  view. In addition, 
optical display technology also needs impro-
vement in its design so that the accommoda-
tion-vergence conflicts experienced by partici-
pants in the research can be minimized. All 
solutions have been made to minimize this 
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problem, but all of  them take a long time to 
be used in the market. The asynchronous dis-
tance between AR displays and physical and 
virtual content will cause problems in conver-
gence accommodation.

Researchers found that attention-di-
recting cues in this research could minimize 
accommodation- vergence problems because 
the virtual bounding box is easy to reach seen. 
Furthermore, the transfer of  training influen-
ces AR instructions to paper instructions, es-
pecially in virtual bounding boxes and visual 
scanning, which is avoided by displaying vir-
tual checklists. This research does not focus 
on assessing every factor in AR instruction. 
Therefore, further research plays an essential 
role in continuing the assessment of  other fac-
tors to provide a novelty from this research.

REFERENcES

W. Yan, “Augmented reality instructions for con-
struction toys enabled by accurate model 
registration and realistic object/hand oc-
clusions,” Virtual Real., 2022, doi: 10.1007/
s10055-021- 00582-7.

J. Okamoto and A. Nishihara, “Assembly assisted 
by augmented reality (A 3 R),” in Intelligent 
Systems and Applications: Extended and Select-
ed Results from the SAI Intelligent Systems Con-
ference (IntelliSys) 2015, 2016, pp. 281–300.

A. Syberfeldt, O. Danielsson, M. Holm, and L. 
Wang, “Visual assembling guidance using 
augmented reality,” Procedia Manuf., vol. 1, 
pp. 98–109, 2015.

M. Osborne and S. Mavers, “Integrating aug-
mented reality in training and industrial 
applications,” Proc. - 2019 8th Int. Conf. 
Educ. Innov. through Technol. EITT 
2019, pp. 142–146, 2019, doi: 10.1109/
EITT.2019.00035.

A. Garad, A. M. Al-Ansi, and I. N. Qamari, “The 
role of  e-learning infrastructure and cogni-
tive competence in distance learning effec-
tiveness during the covid-19 pandemic,” 
Cakrawala Pendidik., vol. 40, no. 1, pp. 81–

91, 2021, doi: 10.21831/cp.v40i1.33474.
J. Bacca, S. Baldiris, R. Fabregat, Kinshuk, and S. 

Graf, “Mobile Augmented Reality in Vo-
cational Education and Training,” Procedia 
Comput. Sci., vol. 75, no. Vare, pp. 49–58, 
2015, doi: 10.1016/j.procs.2015.12.203.

O. A. Egaji, I. Asghar, W. Warren, M. Griffiths, and 
S. Evans, “An Augmented Reality Applica-
tion for Personalised Diamond Shopping,” 
2019 25th Int. Conf. Autom. Comput., no. 
September, pp. 1–7, 2019, doi: 10.23919/
IConAC.2019.8895045.

G. McLean and A. Wilson, “Shopping in the digi-
tal world: Examining customer engagement 
through augmented reality mobile applica-
tions,” Comput. Human Behav., vol. 101, no. 
July, pp. 210–224, 2019, doi: 10.1016/j.
chb.2019.07.002.

K. Agustini, D. S. Wahyuni, I. N. E. Mertayasa, 
N. M. Ratminingsih, and G. Ariadi, “The 
Effect of  Augmented Reality Mobile Ap-
plication on Visitor Impact Mediated by 
Rational Hedonism: Evidence from Subak 
Museum,” Int. J. Adv. Comput. Sci. Appl., vol. 
14, no. 1, pp. 77–88, 2023, doi: 10.14569/
IJACSA.2023.0140109.

R. K. J. De Silva, T. D. Rupasinghe, and P. Ape-
agyei, “A collaborative apparel new product 
development process model using virtual 
reality and augmented reality technolo-
gies as enablers,” Int. J. Fash. Des. Technol. 
Educ., vol. 12, no. 1, pp. 1–11, 2019, doi: 
10.1080/17543266.2018.1462858.

J. Bacca, S. Baldiris, R. Fabregat, and Kinshuk, 
“Framework for designing motivational 
augmented reality applications in vocation-
al education and training,” Australas. J. Educ. 
Technol., vol. 35, no. 3, pp. 102–117, 2019, 
doi: 10.14742/ajet.4182.

R. Palmarini, J. A. Erkoyuncu, R. Roy, and H. 
Torabmostaedi, “A systematic review of  
augmented reality applications in mainte-
nance,” Robot. Comput. Integr. Manuf., vol. 
49, pp. 215– 228, 2018.

A. Javornik et al., “Strategic approaches to aug-
mented reality deployment by luxury 



Dessy S.W., Gede A., Ketut A., & I N. E. Mertayasa / EEAJ 1 (1) (2023) 91-99

99

brands,” J. Bus. Res., vol. 136, no. Au-
gust, pp. 284–292, 2021, doi: 10.1016/j.
jbusres.2021.07.040.

R. Fernández-Enríquez and L. Delgado-Martín, 
“Augmented reality as a didactic resource 
for teaching mathematics,” Appl. Sci., vol. 
10, no. 7, 2020, doi: 10.3390/app10072560.

S. Al-Amri, S. Hamid, N. F. M. Noor, and A. Gani, 
“A framework for designing interactive mo-
bile training course content using augment-
ed reality,” Multimed. Tools Appl., 2023, doi: 
10.1007/s11042-023-14561-4.

L. Büth et al., “Integrating virtual and physical 
production processes in learning factories,”

Procedia Manuf., vol. 45, pp. 121–127, 2020, doi: 
10.1016/j.promfg.2020.04.082.

M. V. Pereira Pessôa and J. M. Jauregui Becker, 

“Smart design engineering: a literature re-
view of  the impact of  the 4th industrial revo-
lution on product design and development,” 
Res. Eng. Des., vol. 31, no. 2, pp. 175–195, 
2020, doi: 10.1007/s00163-020-00330-z.

A. M. Braly, B. Nuernberger, and S. Y. Kim, 
“Augmented Reality Improves Proce-
dural Work on an International Space 
Station Science Instrument,” Hum. Fac-
tors, vol. 61, no. 6, pp. 866–878, 2019, doi: 
10.1177/0018720818824464.

T. N. Oktarina and A. Yulianti, “The Role of  
Women in Sustainable Development and 
Environmental Protection: A Discourse of  
Ecofeminisme in Indonesia”, IJEL, vol. 1, 
no. 2, pp. 107-138, Jul. 2022. https://doi.
org/10.15294/ijel.v1i2.58137


