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RESUME

Graser | Schrepp | Böhm  – RheinMain University of Applied Sciences, Germany

Measuring User Experience (UX) with questionnaires is essential for developing and improving products.

However, no domain-specific standardized UX questionnaire exists for Augmented Reality (AR) in

Corporate Training (CT). Thus, this study introduces the UXAR-CT questionnaire - an AR-specific UX

questionnaire for CT environments.

We describe the construction procedure and the evaluation process of the questionnaire. A set of

candidate items was constructed, and a larger sample of participants evaluated several AR-based learning

scenarios with these items.

Based on the results, we performed a Principal Component Analysis (PCA) to identify relevant

measurement items for each scale. The three best-fitting items were selected based on the results to form

the final questionnaire. The first results regarding scale quality indicate a high level of internal consistency.

The final version of the UXAR-CT questionnaire is provided and will be evaluated in further research.

Keywords– UXAR-CT; User Experience (UX); UX Measurement; UX Quality Aspects; Questionnaire Construction and Evaluation;

Augmented Reality (AR); Corporate Training (CT).
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• AR is supported on current mobile devices due to rapid development and technical 

pogress (Irshad & Rambli 2017, Dirin & Laine 2018)

• High potential for improving training and education (Billinghurst & Dünser 2012,  Dirin & Laine 2018, 

Chang et al. 2020, Criollo-C et al. 2021)

// differentiation between academic teaching and corporate training (CT)

// only little research in the field of corporate training

// capturing and experiencing content in a new way

// multimodality and interactivity in learning

AUGMENTED REALITY

AR enhances both teaching and learning activities (Billinghurst & Dünser 2012, Chang et al. 2020, Criollo-C et al. 2021)
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Augmented Reality (AR) allows the user to see the real world, with virtual 

objects superimposed upon or composited with the real world. Therefore, 

AR supplements reality, rather than completely replacing. (Azuma 1997)“
”



15,50 15,500,00

29.08.2024 5

• UX is an success factor in the development and improvement 

of information systems (Rauschenberger et al. 2013, Boland 2021)

• Multidimensional construct evaluating the overall impression

(Santoso & Schrepp 2019)

• Different dimensions/quality aspects (Schrepp et al. 2023)

• UX quality aspects describe the subjective impression of users 

towards a “semantically clearly described aspect” of product 

usage or product design (Schrepp et al. 2023)

USER EXPERIENCE 

Goal: creating a positive user experience (Boland 2021)
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person’s perceptions and responses that result from the use or 

anticipated use of a product, system or service (DIN ISO 9241-210)“
” UX quality aspects

(1) Efficiency [EF]

(2) Perspicuity [PE]

(3) Dependability [DE]

(4) Usefulness [US]

(5) Intuitive Use [IU]

(6) Adaptability [AD]

(7) Novelty [NO]

(8) Stimulation [ST]

(9) Clarity [CL]

(10) Quality of Content [QC]

(11) Immersion [IM]

(12) Aesthetics [AE]

(13) Value [VA]

(14) Identity [ID]

(15) Loyalty [LO]

(16) Trust [TR]



15,50 15,500,00

• Need to understand and measure the UX and its dimensions to improve 

products, systems and services (Irshad et al. 2020, Preece et al., 2015)

• Various empirical methods can be found in literature for measuring the UX 

(Preece et al. 2015, Assila et al. 2016, Albert & Tullis 2022)

// Self-reported metrics (subjective methods) most suitable to gather 

direct user feedback 

// questionnaires are quickly, simply and cost-effectively

MEASURING USER EXPERIENCE
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Measuring UX by questionnaires as most established method (Schrepp 2020, Albert & Tullis 2022)
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• Many standardized UX questionnaires (Schrepp 2020)

• Questionnaires are based on different dimensions (UX quality aspects), items, and 

scales in relation to their specific focus of UX (Hinderks et al. 2019, Schrepp 2020, Schrepp et al. 2023)

// New products create new interaction paradigms  existing questionnaires 

differ in the UX quality aspects, items, and scales

// Not all UX quality aspects are equally important for all products

USER EXPERIENCE QUESTIONNAIRES
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The questionnaires’ structure and focus refers to the respective research and 

evaluation objective (Schrepp 2020, Albert & Tullis 2022)

Need to determine the importance of UX quality aspects concerning the 

evaluation object (Schrepp 2020, Schrepp 2023)
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RELATED RESEARCH
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• Only a limited number of UX questionnaires for immersive technology (Graser 2024)

• Only three UX questionnaires for AR (Graser 2024)

HARUS
Handheld Augmented Reality 

Usability Scale

Usability of handheld AR 

devices

Comprehensibility

Manipulability

16 items 

7-point rating scale

Santos et al. 2014; Santos et al. 2015

ARI
Augmented Reality Immersion 

Questionnaire

Immersion in location-aware 

AR settings

Engagement 

Engrossment 

Total Immersion

21 items

7-point rating scale

Georgiou & Kyza 2017

CIQ
Customizable Interaction 

Questionnaire

Quality of Interaction with 

objects

Quality of Interactions

Comfort

Assessment of Task Performance

Consistency with Expectation

Quality of the Sensory 

Enhancements

17 items

5-point rating scale

Gao & Boehm-Davis 2022

name

focus

factors

Item format

scale format

source



15,50 15,500,00

• No common understanding of the importance of specific UX quality aspects 

for (M)AR

• No established method for measuring the UX of (M)AR

• No established standardized UX questionnaire for (M)AR 

• Existing UX questionnaires for AR differ in structure and focus

RESEARCH OBJECTIVE
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Construction of an AR-specific standardized UX questionnaire for CT
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User eXperience Augmented Reality – Corporate Training Questionnaire | UXAR-CT
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DEVELOPMENT OF THE UXAR-CT 
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(1) Consideration of the most important UX Quality Aspects

Five most important UX quality aspects

(2) Generation of an Item Pool

Selection of 5 suitable items based on 60 UX questionnaires and 1500 items

(4) Data Collection

AR-based learning applications in CT scenarios at the Chamber of Crafts (n = 103)

(5) Questionnaire Evaluation and Item Selection

Principal Component Analysis (PCA) and reduction of the item pool based on the 

item correlations

(3) Survey Design

25 statements concerning the UX quality aspects and one overall user satisfaction 

items based on a 7-point Likert scale (don’t agree at all … fully agree)
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AUGMENTED REALITY CORPORATE TRAINING SCENARIO
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Source: https://www.projekt-ariha.de/projekt-ariha

• Collaboration with the Chamber of Crafts for Lower Franconica in Schweinfurt, 

Bavaria, Germany  regular use of five AR-based learning scenarios

(1) Troubleshooting and use of measurement devices on a car lighting wall

(2) Processing of high-grade steel and aluminum

(3) Installation of locking and security systems

(4) Changing the timing belt on a car engine

(5) Testing of electronic devices

• Scenarios are integrated in courses

• Head-mounted and handheld devices

• Step-to-step learning instructions 
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RESULTS – PRINCIPAL COMPONENT ANALYSIS
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# Measurement Item

EF1 Using the application for learning is practical

EF2 The application reduces the learning effort

EF3 The application helps me to learn faster

EF4 The application saves me time while learning

EF5 The application improves my learning and work 

performance

UX Quality Aspect: Efficiency

Subjective impression of users who can complete the task 

with mobile augmented reality without unnecessary effort.
Scree plot of the 

eigenvalues from the PCA

 Analysis (n = 103) of uni-dimensionality of the candidate items based on a 

PCA with varimax rotation (scree-test and Kaiser-Gutmann criterion)

Analysis indicates semantic homogeneity of the candidate items for all proposed scales
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RESULTS (2) – ITEM SELECTION

29.08.2024 15Graser | Schrepp | Böhm  – RheinMain University of Applied Sciences, Germany

# Measurement Item Correlation

EF1 Using the application for learning is practical 0.72

EF2 The application reduces the learning effort 0.41

EF3 The application helps me to learn faster 0.62

EF4 The application saves me time while learning 0.47

EF5 The application improves my learning and work 

performance
0.62

Correlation between the 

items of the UX quality 

aspects and the overall 

satisfaction 

 Selection of best-fitting items based on the loadings of the correlation

between candidate items and overall satisfaction (correlation > 0.40)
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RESULTS (2) – REDUCED UXAR-CT
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UX Quality Aspect Translated Measurement Item Cor. Cronbach’s Alpha

Overall Satisfaction Overall, I am satisfied with the support provided by the application for my learning tasks

Efficiency: EF1 Using the application for learning is practical 0.72

0.90Efficiency: EF3 The application helps me to learn faster 0.62

Efficiency: EF5 The application improves my learning and work performance 0.62

Perspicuity: PE2 It is easy/simple to learn how to use the application 0.63

0.81Perspicuity: PE3 The information in the application is easy to understand 0.63

Perspicuity: PE4 The operation of the application is logical 0.55

Dependability: DE3 The application is easy to control 0.63

0.85Dependability: DE4 I always have control over the application at every step 0.55

Dependability: DE5 It is easy to find your way around the application 0.51

Usefulness: US1 The application helps me to learn 0.67

0.95Usefulness: US2 It is a great advantage to use the application when learning 0.67

Usefulness: US4 find the application useful for learning 0.68

Clarity: CL1 The information on the display is clearly laid out 0.54

0.79Clarity: CL2 The information on the display is clear 0.48

Clarity: CL4 It’s easy to find the information I need 0.55
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CONCLUSION
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Discussion

AR in CT not very widespread  difficulty 

of data collection

Questionnaire focuses purely on the UX 

perspective

Future Research

Cooperation with the Chamber of 

Handicrafts  Regular use of AR

Validation and extension of the 

questionnaire concerning relevant system 

properties
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CONCLUSION
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First proposed AR-specific standardized UX questionnaire for CT

// structure based on a common foundation regarding the UX perspective

// evaluation based on regular AR-based learning scenarios in CT

Contribution to the existing lack of research in this field

Identification of relevant UX quality aspects for AR in CT
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