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Abstract

Augmented reality-based training is progressively utilized in the business to instruct personnel in a safe and efficient
manner for maintenance activities. This study aims to examine the impact of HoloLens AR-based instructions versus
paper-based instructions on performance, psychological effects, perceived workload, usability, and user experience in
a maintenance task. Task completion time was used to evaluate user performance. The NASA-Task Load Index
(NASA-TLX) questionnaire was utilized to evaluate workload. The usability of both instruction systems was
evaluated using the extended System Usability Scale (SUS) questionnaire. The User Experience Questionnaire (UEQ)
was employed to evaluate user satisfaction about both instructional methods. Twenty healthy males were enlisted for
this investigation and assigned to two groups. The initial group conducted the experiment utilizing augmented reality-
based education, whereas the subsequent group employed paper-based instructions. The results showed that
performing maintenance task using AR instruction led to enhance user performance. Participants utilizing the AR
were, on average, 17.5% more efficient than those following the printed instructions. Participants utilizing AR
indicated an average 12% rise in perceived effort relative to the paper-based approach. The SUS indicates unfavorable
evaluations for the paper-based education regarding both perceived utility and perceived ease of use. The AR was
seen as highly beneficial and user-friendly.
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1. Introduction

Many industrial activities such as assembly and maintenance tasks, continue to be performed manually by humans. In
order to carry out manual tasks, companies delivered written instructions for the operators. With the rising need for
product variants, it is becoming progressively challenging to present paper-based work instructions in manual
assembly and maintenance environments (Alhaag et al. 2024). Furthermore, locating the appropriate manual for a
particular operation can be laborious and extends the process's lead time. Secondly, instructing new employees on
these intricate assembly duties is frequently time-consuming and necessitates the participation of a senior colleague,
which can be resource-intensive. In the current context, operators require more than basic text and image support,
such as animations, films, or projections, for intricate assembly operations. Incorporating these skills onto
conventional printed instructions is challenging. Industries and research organizations suggested virtual instructions
as a substitute for conventional paper-based instructions. It is essential that systems designed to assist users with
complicated tasks are assessed for their usability and utility to ensure effective, efficient, and rewarding user
experiences.
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Latest technologies such as Augmented Reality (AR) superimpose computer-generated images onto real
environments. AR is characterized by the incorporation of virtual entities into the physical environment, allowing
real-time human interaction with these entities (Alhaag et al. 2024). AR can be implemented in different ways, but the
most common approach is utilizing augmented reality technology, such as AR glasses. AR creates value across
industrial sectors, particularly in manufacturing, where it is applied in assembly work instructions, remote
maintenance, quality assurance, and training (Alessa et al. 2023; Alhaag et al. 2024).

This study presents the design and assessment of an augmented reality maintenance guidance system, comparing it
with conventional paper-based instructions. The AR maintenance instructions are implemented using a head-mounted
display (HoloLens®). A comparison is conducted in terms of task completion time, overall workload, and system
usability between paper-based and AR-based instructions. This approach enables a clearer understanding of the
advantages and limitations of adopting new instructional systems to replace legacy methods. The study focuses on
examining two instructional approaches for a maintenance training activity. The selected task involves the
maintenance of a gearbox of a piston pump that incorporates both 3D-printed and conventional components. This
requires a variety of activities, including fitting, screwing, and fastening—closely resembling a genuine shop floor
environment. The two instructional systems under comparison are standard paper instructions and an augmented
reality system delivered via a head-mounted display (HoloLens®).

1.1 Objectives
The aim of this study is to assess the efficiency and efficacy of augmented reality training compared to traditional
paper instruction in maintenance applications. We assessed instructional efficiency by task completion time and
instructional effectiveness via user usability, experience, and perceived workload using post-condition surveys. Our
primary hypothesis posits that users would perceive augmented reality training as more effective, efficient, and
pleasant compared to traditional paper-based instruction:

e HIl: AR is more efficient than paper instruction.

e H2: AR is more effective than paper instruction.

e H3: AR is more satisfying than paper instruction.

e H4: AR is Less workload than paper instruction.

2. Literature Review

This section emphasizes research studies that have contrasted augmented reality with alternative modalities for task-
based instructional applications. Specifically, it emphasizes how our efforts tackle a critical issue: the insufficient
regard for the user. Various methodologies are employed in the industry to train workers, including paper-based
instructions, e-learning, digital instructions, adaptive training, remote trainer assistance, virtual reality and augmented
reality (Langendorf and Khalid 2025). Cognitive load and user experience are two essential concepts from the user's
perspective. Cognitive load is a complex notion that refers to the demand imposed on a learner's cognitive system
while doing a certain activity. The primary objective of cognitive demand in human—computer interaction is to
improve the interface and interaction to reduce unnecessary cognitive burden, hence enabling more resources to be
allocated to solving practical issues. User experience encompasses the perceptions and responses of individuals when
engaging with or anticipating the usage of a system, product, or service, influencing their willingness to utilize a
specific product or mode of engagement (Xie et al. 2025). Conducting user-centered study that incorporates cognitive
demand and user experience to evaluate different interaction modes is crucial for their effective deployment. The
System Usability Scale (SUS) is a commonly utilized standardized questionnaire for evaluating perceived usability.
The SUS was employed to swiftly assess individuals' perceptions of the usability of the computer systems they were
utilizing.

Recently, numerous researchers have concentrated on the deployment of immersive technologies to enhance real-time
immersive experiences for student participants in industrial contexts (Eswaran and Bahubalendruni 2022). Numerous
researches on immersive technologies have been published recently, detailing the technical hurdles, current
advancements, future trends, intricate design, and utilized tools for applying immersive technology in industrial
settings. The execution of assembly duties for the intricate product necessitates enhanced guidance and aid strategies
in the real-time industrial environment (Makris et al. 2013; Lotsaris et al. 2021). This section provides a concise
overview of significant AR/VR immersive technology. Porter et al., (2010) executed a substantial research
investigation on the effects of immersive augmented reality experiences on hand-held displays (mobile), reporting a
substantial impact on flexibility and ergonomic considerations. Hou et al., (2013) compared augmented reality with
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paper instructions in a Lego™ assembly activity. The findings indicated a reduced job completion time and diminished
burden for the AR group.

Lochetal., (2016) examined augmented reality and video for assembly assistance utilizing Lego™. Each instructional
style was assessed objectively for precision (task completion (TC)) and efficacy (time-to-completion (TTC)). The
results demonstrated a reduction in time to completion (TTC) and cognitive effort, alongside a statistically significant
drop in mistake frequency during Augmented Reality (AR) training. The authors demonstrated via the use of multiple
regression analysis that 'perceived satisfaction' strongly affects 'use intention'. The minimal influence of 'perceived
external control' was disregarded because of the experimental environment.

Vanneste et al., (2020) conducted an investigation of augmented reality possibilities for assembly duties, comparing
it with conventional verbal and paper-based approaches. The authors examined performance concerning dependency,
productivity, and completion time. Other researchers performed a comprehensive investigation on task information
dissemination and the efficacy of HMD for displaying and analyzing mistake rates and task completion times
(Werrlich, Daniel, et al., 2018; Werrlich, Lorber, et al., 2018; Werrlich, Nguyen, et al., 2018). Koumaditis et al., (2019)
conducted an experimental investigation on augmented reality-assisted assembly tasks, recording differences in task
execution time, productivity, and supplementary efforts. Polvi et al., (2018) conducted a comparable experiment that
analyzed the differences in task completion times with and without augmented reality support. The current
investigations employed AR video and animation-based instructional visualization for workers to adhere to task
specifics. The significance of augmented reality mapping with tangible objects is overlooked by researchers in their
experimental experiments. Therefore, the efficacy of the innovative AR mapping-based method, in conjunction with
alternative instructional delivery modes for maintenance applications requires further investigation. The results of the
suggested mapping method must be validated regarding productivity, execution time, and cognitive load.

Extensive investigations have been conducted on the development of AR applications and the evaluation of suitable
visual cues for user interface (J. B. Alves et al. 2021; M. Alves et al. 2024; Egger and Masood 2020;
Siriborvornratanakul 2018; Young and Rai 2021; Zhu, Ong, and Nee 2014; Belsito, Franciosi, and Di Pasquale 2024).
AR applications have been developed for several manufacturing functions, including repair, maintenance, and
assembly tasks. This study presents the developing and assessment of augmented reality-based maintenance
instructions, comparing them with traditional paper-based instructions. This study aims to investigate two instructional
methods for maintenance training activities.

3. Methods

3.1 Apparatus

The maintenance operation was executed on the gearbox of a piston pump system. This piston pump is a component
of the “GUNT” Practice Line for assembly, maintenance, and repair, intended for technical training in universities
and companies (set: MT 184). The instruments necessary for executing the maintenance operation on the piston pump
included a screwdriver, wrench, soft hammer, jig, and bearing puller. Participants were guided in completing
maintenance activity using two instructional methods: Microsoft HoloLens and paper instructions. A Microsoft
HoloLens First Generation served as an augmented reality device to provide the maintenance guidelines. The paper
instruction for the maintenance task was created using the manual supplied by the manufacturer (GUNT company).
The gearbox of the piston pump was utilized as the case study due to its intricate structure and numerous components,
making it appropriate for higher education students. Students can comprehend the functionalities and investigate the
intricate geometry of each component within the pump. The created application fulfills three primary features of
augmented reality (AR): The application improves students' experience by facilitating the exchange of contextual
information. The digital model is presented upon receiving the actual educational material. Secondly, the digital
content is amenable to real-time interaction. Digital material can be activated with visual attention and hand gesture
commands. A command manual is created and presented at the bottom of the holographic screen for pupils to
communicate with the system in an alternative manner. Third, the contents are spatially organized and associated with
the three-dimensional space. Students may interact with the digital content in conjunction with the physical
surroundings, such as positioning the model on a table and engaging with tangible things.

3.2 Participants

Twenty volunteers were recruited, with a mean age of 32.12 (SD=2.45). All participants were alumni of King Saud
University in Saudi Arabia. To mitigate potential bias, the selected subjects possessed no prior familiarity with
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Microsoft Hellenes. Participants possessed normal visual acuity (20/20) and exhibited no color blindness. The
corrected visual acuity achieved with contact lenses was deemed satisfactory for the experiment. The study received
permission from the Human Participants Review Sub-committee of the Institutional Review Board of King Khalid
University Hospital, College of Medicine, King Saud University (ethical approval code: E-19-4467).

3.3 Experimental Design

The study aims to investigate the instruction effectiveness of AR instructions presented through a HoloLens for
maintenance and assembly tasks. This study used a between-experimental design. The independent factors were
instruction methods (paper vs. AR). Between-groups comparisons were conducted across instruction methods to
compare measures between training delivered through paper and AR instructions. Dependent variables were time to
completion, psychological evaluation scores, perceived workload (NASA TIx), user experience (UEQ), and user
usability (System Usability Scale).

3.4 Building Instruction

Figure 1 presents a comprehensive framework for this study, examining the two instruction methods for industrial
maintenance tasks, the specifics of laboratory experiments, and the instructional equipment utilized. The entire work
is split into three sections: a) Selection of various instructional methods, b) Creation of instructions for the chosen
methods, and c) Implementation of laboratory experiments and assessment of performance. A methodical
methodology for creating instructions is examined. Furthermore, the specifications of the hardware and software
employed in the proposed visualization technique are addressed.
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Figure. 1 Detailed framework of this study.

3.4.1 Building Paper Based Instructions

The manuals were derived from the piston pump manual utilized for troubleshooting and repair. The maintenance task
of fixing a piston pump's gearbox was employed in this investigation, mirroring the tasks utilized in the research
conducted by (Alhaag et al. 2022). In order to carry out their tasks, users may refer to the document that details the
procedural maintenance activity. The bill of materials, various CAD representations of key components in two
dimensions, three-dimensional visualizations of the piston pump, and necessary data about the assembly procedure
are all included in the paper. The printed instructions were provided on A4 sheets, with one page allocated for every
two steps. Each phase comprised images, textual information, and requisite equipment. The printed instructions
comprised 22 pages and 40 steps. On the first page, there was a listing of all of the components that had been
disassembled, along with the code numbers for each component and the objective of the operation, as illustrated in
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Figure 2. Additionally, Figure 3 depicts the assembled component to improve workers' understanding of the assembly

task performance. Pages 2 to 20 each included two of the 40 stages.

The last page showed the whole installation of

the gearbox, as illustrated in Figure 4. Conventional equipment, such as an open-ended wrench, screwdriver, puller,
jig, and soft hammer, were used by the participants in order to do the job of fixing a piston pump gearbox and testing

all of the seals.
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Figure. 2 Paper base instruction - Piston pump components and tool used.
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Figure. 3 Piston pump exploded view.
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Figure. 4 piston pump fully assembled

The maintenance procedure comprised disconnecting the piston pump's gearbox and arranging all components on the
table, followed through the process of removing the grooved ball bearing from the crankshaft and replacing it with a
new one. The replacement of the grooved ball bearing is a difficult work that requires accuracy in addition to a variety
of specialized hand tools. It also involves a number of subtasks that include several subtasks. To accomplish this, first
place a puller over the grooved ball bearing. Then, evenly press the hook arms onto the bearing. To center the jig,
adjust the thread against the shaft end. Finally, carefully turn the adjuster thread to detach the grooved ball bearing
from the crankshaft. The process included using a jig and a pliable hammer to securely fasten the grooved ball bearing
onto the crankshaft. The next step was to reassemble the gearbox of the piston pump, examine the packing gland seal,
and install the new grooved ball bearing. Figure 5 shows written instructions for removing and replacing the crankshaft
grooved ball bearing. Figure 6 illustrates that participants executed maintenance activities according to written
instructions.

Maintenance

“Replacime the grooved ball bearing™

IE.PLE.CEFIIIHEI.'U‘.'!I grom‘e:lhall.l:em‘i.ugf}.![l. 21 Lightly oil crankshatt (3) to aid assembly of grooved ball bearings
16, Prass hook arms evenly onto grooved ball bemring. e e a2 ) o et v
20, Tarn adjuster thread agamst shaft end Ensure jiz is gepmad. | —i
21 Detach grooved ball bearng from crambkskaft by carefully uming
adjuster thread

Figure. 5 One step of paper Based Instruction for replacing the grooved ball bearing
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Figure. 6 Participants performed maintenance task based on paper instruction.

3.4.2 Building AR instruction

The augmented reality advice designed to assist participants in the routine maintenance of the piston pump has been
developed and evaluated. Accompanying the user's natural vision with visual cues, directional arrows, and animated
sequences, the augmented reality assistance utilizes a tracked head-mounted display to make job identification,
localization, and execution easier. Figures 7 and 8 delineate the workflow for the development of the augmented
reality application. The first step in creating the augmented reality instructions was to use SolidWorks software to
build 1:1 CAD models of the piston pump. Afterwards, the augmented reality experience's sequence animations were
created and tweaked using PTC Creo Illustrate. Building the 3D instructions for maintenance tasks included using
visual cues and animations for installation, repair, and disassembly. Each step of the process has its own set of
sequential instructions that make use of various motion effects, such as fly-in/out, fade-in/out, shaking, pulse, unscrew,
and others. The effects are added to each step separately, and then all the stages of an instruction are combined into
one smooth motion. Also included were supplemental materials including animated wrenches, pullers, arrows, and
screwdrivers. Subsequently, the PLZ file containing the 3D guidelines was made available for use in creating the
augmented reality experience using Vuforia Studio, as illustrated in Figure 8.

Create AR Experience
Vuforia Experience Service

Scan QR code
Publish Content E i l

Microsoft HoloLens

CAD
Design Animate s
= T
DS;iS ilustrate
lidWaorks

Media

Model

Tracking Spatial

Tracking

ThingMark

Figure. 7 Workflows for the development of the AR application

With Vuforia Studio, an AR software for the web, users can create and share augmented reality experiences, such as
step-by-step work instructions and the ability to superimpose digital material over physical tools to provide more
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context.; refer to Figure 9. In addition, the apps' core features were developed using the computer language JavaScript.
The experiences developed for maintenance activities were subsequently uploaded to the cloud-based "Vuforia
Experience Service" via rapid response (QR) codes and ThingMarks. The Vuforia Experience Service is a server that
stores and distributes published augmented reality experiences, enabling users to access them on Microsoft HoloLens
1 devices via the Vuforia View application.

e = | =
" Am 0 oY) &4 e R B A 2

Figure 8. Creating a sequence by Creo Illustrate

The Vuforia View application on Microsoft HoloLens was utilized to display the augmented reality instructions by
scanning a designated QR code, while a thing marker was positioned at a distance of 130 cm from the participant in
the maintenance area. Upon identification of the object by Mark, Microsoft HoloLens superimposed a 3D CAD model
of the designated task into the user's environment. This solution provided maintenance steps as 3D animated models
within the augmented reality environment. Participants can engage with the 3D material and manipulate the animation
playback by focusing their attention on the virtual buttons (e.g., play, next step, previous step, reset, task names)
positioned above the 3D model and executing a pinching action with their fingers. Upon clicking the play button, a
visual, step-by-step animated sequence for the chosen job is presented. Figure 10 illustrates an instance of augmented
reality teaching for a single step (removing the dual-piston during gearbox maintenance). Figure 11 illustrates a
participant engaging with augmented reality.
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Figure. 9 Create AR by Vuforia Studio
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Figure.10 Digital content displayed by AR

Figure. 11 One participant interact with AR

3.5 Experimental Setup and Procedure

The research was carried out in the maintenance laboratory of the Industrial Engineering Department. The laboratory's
table center recorded a temperature of 21.4°C, humidity of 18.2%, and light intensity of 392.5 lux. The testing zone
was protected from vibrations and strong scents during the task. At King Saud University, an invitation to participate
was distributed and distributed to all who were interested. During the announcement, participants were given the
opportunity to take part in a pre-test session, which was then followed by a test session that lasted between one and
two hours. Upon arrival, participants were provided with a detailed explanation of the experiment's purpose, followed
by the completion of the screening process. The health survey results were evaluated and approved; upon acceptance,
Participants were asked to fill out a demographics questionnaire and sign a permission form. Participants were also
asked to answer questions about their present experience with augmented reality and provide background information.
Their anthropometric information was then collected.

The next step was to teach each group how to use their designated instructional method after randomly assigning them
to one of two groups. The initial group was provided with AR-based instructions utilizing a Microsoft HoloLens 1 to
present pertinent maintenance guidelines and assist the participant in executing the maintenance tasks. Participants in
the AR-based instruction group were allotted 10 to 15 minutes to become acquainted with the HoloLens, including its
handling, adjustment, and interaction. Participants were acquainted with the use of the toolbox, including tools such
as a screwdriver, bearing puller, and jig. The second group received A4 maintenance guidance to help them complete
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the duties. The paper-based leading group learned toolbox use and document interpretation. Participants were told to
leave the lab and return the next day to begin official training after demonstrating competency with the Microsoft
HoloLens or paper instructions.

The next day, the participant went back to the lab to finish the repair jobs using the same method of instruction as the
day before, whether it was utilizing augmented reality or paper instructions. Members of the first group, who received
instructions via augmented reality, were given the task of doing the maintenance on this particular day. Group 2
participants used paper-based instructions and replicated the processes of group 1. Participants were invited to fill out
surveys that assessed their subjective views of the task and approach. The surveys focused on psychological impacts,
perceived workload, usability (SUS), and user experience (UQE). After the training activities, the time was logged.

4. Data Collection

4.1 Subjective Evaluation Questionnaires

The NASA-Task Load Index (NASA-TLX) questionnaire was utilized to assess workload (Hart and Staveland 1988).
The NASA-TLX measures the six aspects of perceived workload: mental demand, physical demand, performance
demand, effort, and frustration. It is a self-report assessment. A horizontal line with two endpoints—"low"(0) and
"high" (100)—represented each of the six one-item scales. Table 1 shows the psychological data that the participants
were asked to provide in response to a questionnaire that included fifteen items, all of which may be answered
positively or negatively. The participants evaluated the instructional methods employed by assigning scores from —3
to +3 for each question. The usability of both instruction systems was evaluated using the extended System Usability
Scale (SUS) questionnaire, as outlined by Bangor (Brooke 1996). All participants were presented with ten SUS
questions followed by an additional eleventh question in sequence. Participants rated each statement on a five-point
Likert scale, from strongly disagree to strongly agree. Ultimately, all participants were requested to evaluate the overall
usability of the system. A rating of zero points indicates an awful score, one point reflects a poor score, two points
signify an acceptable rating, three points denote a satisfactory rating, and four points represent an excellent rating.

Table 1 Psychological questionnaire

Items Negative side 1-3
Ease of Task Performance

1. The maintenance task was

Score(0-7)  Positive side 4-7

Difficult to achieve Easy to achieve

2. The object was
3. The task procedure was

4. The position to be handled was

Stability:

5. During the task

6. After the task
Satisfaction

7. The task was

8. Using the manual was
9. The task was

10. During the task

complicated
complicated
Complicated

1 was tensed
I felt tired

Boring

Uncomfortable

Easy to concentrate on

1 didn’t positively use the

Simple
Simple
simple

1 was not tensed
1 did not feel tired

enjoyable

Comfortable

Not Easy to concentrate on
I positively use the manual

manual
1 did not feel satisfied

11. After the task

Ease of manual use

12. The manual was

13. The object and manual were
14. The structure of the manual
was

The detail of the manual was

I feel satisfied

Difficult to understand
Difficult to check
Complicated

Easy to understand
Easy to check
Simple

1

%

Difficult to see Easy to see

4.2 Data Analysis

We used SPSS Statistics (version 23.1; IBM Inc.) to carry out the statistical analysis. A significance threshold of 0.05
was determined, which is a Type I error. The statistical analysis results were confirmed to be reliable by validating
the design assumptions, which included data continuity, homogeneity of variance, and normality. In order to validate
the normalcy assumption, Kolmogorov-Smirnov tests were performed. To compare the levels of the various methods
of instruction, we used an independent sample t-test. The amount of time it took to complete the task as well as the
SUS rating were the dependent variables. Each question on the SUS had a possible score between 1 and 5. The whole
score is computed. Not only was the overall score taken into consideration, but so were the individual scores for
questions 3, 4, and 10, respectively, which dealt with the system's simplicity of use, the need of technical help, and
the amount of knowledge required to utilize it. Every dependent variable had descriptive statistics computed, such as
the mean and standard deviation.
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5. Results and Discussion

5.1 Task Completion Time

A notable difference existed in the job completion time across conditions. Figure 12 shows the average completion
times together with 95% confidence intervals (CI). Participants using the AR were, on average, 17.5% more efficient
than those following the printed instructions. The results of the two-sampled t-test reveal a significant difference
between the paper instruction (M= 1725.86 seconds, SD=386.92) and the AR (M= 1468.89, SD=93.32), (P<0.05).

2000
1800
1600
1400
1200
1000
800
600
400
200
0

Completion Time (Second)

Paper AR
Instruction Methods

Figure. 12 task completion time across condition

5.2 Perceived Workload

We questioned the participants about their assessments of the physical and mental challenges, as well as the
frustrations related to each lesson. The results indicated that individuals using augmented reality had, on average, a
12% increase in perceived effort relative to the paper-based approach. The results of the two-sample t-test demonstrate
a significant difference between the paper teaching (M=63.833, SD=9.46) and the augmented reality (AR) method
(M=71.48, SD=8.19, P<0.05), Figure 13.

80
70
60
50
40
30
20
10

0

Overall NASA TIx Scor

Paper AR
Instruction Methods

Figure. 13 Perceived workloads across condition

5.3 Psychological Effects

AR instruction was easy to understand, the structure of the instruction was simple in AR and complicate in paper and
the detail of the instruction was easy to use in AR as compared to paper instruction. no difference between AR and
paper-based instruction in Ease of Task Performance. Stability, satisfaction, and ease of instruction use were
significantly different between the two instruction methods, p<0.005, Figure 14.
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Augmented Reality Instruction Paper Base Instruction
Confidence Interval Mean Confidence Interval
Ease of Task Performance | 0.35 229 | 10 1.42 -1.07 1.77 0.43 1.39 | 10 0.86 -0.44 1.29 0.9014
Stability 1.70 1.31 | 10 0.81 0.89 2.51 0.15 1.16 | 10 0.72 -0.57 0.87 0.0003
Satisfaction 1.83 042 | 10 0.26 1.57 2.09 1.08 1.02 | 10 0.63 0.45 1.71 0.0053
Ease of Instruction use 2.75 033 | 10 0.21 2.54 2.96 1.56 1.16 | 10 0.72 0.85 2.28 0.0002
3.50
.00 B Augmented Reality Instruction ElPaper Base Instruction
2.50
2.00
1.50
1.00
0.50
0.00 m =T
-0.50
-1.00
-1.50
Ease of Task Stability Satisfaction Ease of
Performance Instruction use

Figure. 14 Psychological Effects across condition

5.4 Perceived Usability

The SUS was administered to participants using five-point scales, with answer possibilities ranging from 1 (labeled
“Strongly disagree”) to 5 (labeled “Strongly agree”™). If a participant does not react to an item, award it a score of 3
(the midpoint of the rating scale). Upon completion, ascertain the score contribution of each item, which will vary
from 0 to 4. For favorably phrased questions (1, 3, 5, 7, and 9), the score contribution is calculated as the scale position
minus 1. Deducting 5 from the item's scale position yields the negative phrase for items 2, 4, 6, 8, and 10. Multiply
the sum of the item scores by 2.5 to get the total SUS score. That is to say, take the raw score and remove 1 for items
with an odd number of digits, and 5 for items with an even number of digits. The standard SUS score is the sum of all
adjusted scores, which is then multiplied by 2.5. The SUS scale goes from 0 to 100, with 2.5 point increments being
the standard. Perceived usefulness and simplicity of use were both negatively impacted by paper-based teaching,
according to the SUS. The augmented reality was seen as very beneficial and user-friendly. A high SUS score indicates
excellent usability. The results demonstrate a substantial difference between the paper teaching (M=52.14, SD=15.61)
and the augmented reality (AR) method (M=63.7, SD=11.19, P<0.05).

5.4 UEQ

The user experience questionnaire was used to conduct the evaluation of the user experience (Schrepp and
Thomaschewski 2019; Schrepp, Hinderks, and Thomaschewski 2017). The UEQ, on the other hand, is comprised of
a total of twenty-six questions and includes classifications of pragmatic quality such as perspicuity, efficiency, and
dependability, as well as classifications of hedonic quality such as novelty and stimulation. The UEQ is not only used
to evaluate hedonic and pragmatic quality, but it also uses seven-point semantic differential items to evaluate both
types of quality. There is no overall score that is provided by the UEQ); rather, there is a score that is tied to six
individual areas. The calculation of the score for each category involves taking the average of the several elements
that are included inside it. The value of each item may vary from -3 to 3, with extreme values representing notions
that are diametrically opposed to one another, such as attractiveness and unattractiveness.
The 26 things are categorized into 6 scales:
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e Attractiveness: This aspect of the product describes the overall impression that it gives. Are consumers
satisfied with it or dissatisfied with it? Is it appealing, pleasurable, or interesting to look at?

e  Perspicuity: A description of how simple it is to get acquainted with the product. Would it be simple to learn?
Does the product have a straightforward and clear description?

e Efficiency refers to the ability of users to complete their jobs without exerting extra effort. Is the engagement
quick and effective in its process? How soon does the product respond to the input of the user?

e Dependability: Does the user get the impression that they are in command of the interaction? Is he or she
able to anticipated the behavior of the system? When working with the product, does the user maintain a
sense of self-assurance?

e Stimulation: Does the product provide a sense of excitement and is it compelling to use? It is a pleasure to
use, right?

e Novelty: Does the product exhibit creative and inventive qualities? Is it able to attract the attention of the
users?

Participants indicated that AR are more attractiveness, perspicuity, efficiency, dependability, stimulation and novelty
than paper-based instruction, Figure 15.
UEQ Scales (Mean and Variance

AR instruction Paper Instruction
Mean | STD N Confidence Cond::lc - Mean | STD h Confidence Ci):: GG
Attractiveness 2.56 0.34 10 0.21 2.35 2.77 1.02 | 0.90 10 0.56 | 0.46 1.57 | 0.0000
Perspicuity 2.51 0.36 10 022 | 229 | 2.73 0.69 1.15 10 0.71 | -0.02 1.40 | 0.0000
Efficiency 2.05 043 10 0.27 1.78 | 2.32 1.24 | 0.80 10 0.50 | 0.74 1.73 | 0.0004
Dependability 2.50 0.69 10 0.43 2.07 2.93 0.75 0.65 10 041 0.34 1.16 | 0.0000
Stimulation 2.63 0.44 10 027 | 235 2.90 1.45 0.89 10 0.55 0.90 | 2.00 | 0.0000
Novelty 2.43 0.49 10 0.31 212 | 273 0.31 0.88 10 0.54 | -0.23 0.86 | 0.0000

® AR instruction % Paper Instruction
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Figure. 15 User experience across condition

Scores that fall within the range of -0.8 to 0.8 are often indicative of a neutral rating, but values that exceed 0.8 are
indicative of a positive evaluation, and values that fall below -0.8 are indicative of a negative review. The findings
that were obtained are remarkable due to the fact that all of the categories got mean scores that were either greater
than or very near to 2, and also due to the fact that severe UEQ values are very irregular. In addition, the lower limits
of all confidence intervals for each category are considerably higher than the minimal level that was specified to be
recognized as positive assessments (p = 0.05). UX results in terms of UEQ have been benchmarked using a dataset
that contains data from 9905 responses that correspond to 246 studies (Hinderks, Schrepp, and Thomaschewski 2018;
Schrepp, Hinderks, and Thomaschewski 2017). However, due to the fact that instruction categories have not been
taken into consideration, this benchmarking can only be used as a first indicator to evaluate the user experience of the
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system that is being investigated. According to the results of the benchmarking, which are shown in Figure 16 and

Figure 17, AR instruction ranks above average (that is, in the top 10%) in each of the six areas.

AR instruction Paper Instruction
Comparison Comparison
Scale Mean to Interpretation Mean to Interpretation
benchmark benchmark
50% of outcomes
Attractiveness | 4 2.56 Excellent Upwards of 10% for 1102 Below improved, 25% of
' optimal performance average outcomes
deteriorated
. 1 Upwards of 10% for Within the lowest
Perspicuity 2.51 Excellent optimal performance =) 0.69 Bad 25% of outcomes
Upwards of 10% for 25% of outcomes
Efficienc 205 Excellent optimal performance 1 124 Above improved, 50% of
y 1 ' ' Average outcomes
deteriorated
Dependability | #2.50 Excellent Upyvards of 10% for w(.75 Bad Within ~ the lowest
optimal performance 25% of outcomes
Upwards of 10% for 10% of outcomes
Stimulation 2.63 Excellent optimal performance 145 Good improved, 75% of
1 ' outcomes
deteriorated
Upwards of 10% for 50% of outcomes
Novelt 243 Excellent optimal performance | 031 Below improved, 25% of
Y L] ’ Average outcomes
deteriorated
2.50
0
1.50 mmm Excellent
(l)gg | === Good
RS B A
-1:00 Below Average
> . . >
& . & . @Qcﬁ _\\{é S &Q}d = Bad
& 3 & » » S
& & & S & < e=¢==Vean
& S
& v 8
w
Figure. 16 User experience of AR based instruction compared to benchmark
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Figure. 17 User experience of paper-based instruction compared to benchmark

The AR demonstrates a practical and low-cost solution for presenting instruction. The presenting of instruction with
AR was effective. The scales of the UEQ can be grouped into pragmatic quality (Perspicuity, Efficiency,
Dependability) and hedonic quality (Stimulation, Originality). In contrast to hedonic quality, which focuses on factors
unrelated to tasks, pragmatic quality identifies those that are directly relevant to completing the work at hand. You
may find the average of the three hedonic and pragmatic quality metrics down below, as shown in Figure 18 and

Figure 19.
Paper | AR
Attractiveness 1.02 | 2.56
Pragmatic Quality 0.89 | 2.35
Hedonic Quality 0.88 | 2.53

Figure. 18 UEQ grouped for AR based instruction

bé&
&

Figure. 19 UEQ grouped for paper Based instruction

UEQ does not provide a total UX score, but rather separate ratings for each aspect. KPI extension of the UEQ was
used to evaluate overall score for the UX, Figure 20. This extended UEQ contains 6 additional questions, which ask

© IEOM Society International

502



Proceedings of the 3 GCC International Conference on Industrial Engineering and Operations Management
Tabuk, Saudi Arabia, February 2-4, 2026

for the importance of the UEQ scales for the participant. With this information a KPI can be calculated, i.e. a single
number that can be interpreted as overall UX impression. Overall UX impression, For AR, KPI= 2.44 | SD=0.25,
KPI=0.91, SD=0.20.

KPI of UEQ

KPI
S = N W oA

Paper AR
Instruction Methods

Figure. 20 overall score for the UX of AR Based Instruction paper instruction

Three main requirements of augmented reality are met by the created app: To start, by facilitating the sharing of
contextual information, the application improves the experience for participants. After the marking is recognized, the
digital model is shown. Second, people may engage with animated models in real-time thanks to the digital content.
Gazing and hand motion instructions may be used to communicate digital material. In order to provide the players
another means of signaling the system, virtual buttons were created and placed on top of the holographic screen. Third,
the contents are connected with the 3D space and spatially mapped. As an example, users may put the virtual model
on a table and see how it reacts when it hits actual things in the room. The main elements of HoloLens that allow users
to interact with digital models are gazing (head movement tracking) and hand gestures.

5. Conclusion

This study presents the design and assessment of an augmented reality maintenance guidance system, comparing it
with conventional paper-based instructions. The AR maintenance instructions are implemented using a head-mounted
display (HoloLens®). A comparison is conducted in terms of task completion time, psychological effects, perceived
workload, usability, and user experience between paper-based and AR-based instructions. This approach enables a
clearer understanding of the advantages and limitations of adopting new instructional systems to replace legacy
methods. Our primary hypothesis posits that users would perceive augmented reality training as more effective,
efficient, and pleasant compared to traditional paper-based instruction. Twenty healthy males were enlisted for this
investigation and assigned to two groups. The initial group conducted the experiment utilizing augmented reality-
based education, whereas the subsequent group employed paper-based instructions. The results showed that
performing maintenance task using AR instruction led to enhance user performance. Participants utilizing the AR
were, on average, 17.5% more efficient than those following the printed instructions. Participants utilizing AR
indicated an average 12% rise in perceived effort relative to the paper-based approach. The SUS indicates unfavorable
evaluations for the paper-based education regarding both perceived utility and perceived ease of use. The AR was
seen as highly beneficial and user-friendly.
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