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ABSTRACT 

Smart glasses are an emerging technology designed to assist workers in a variety of 

industrial workplaces. In many cases, their continued development has led to a better 

working performance. Thus, the radiation of heat is becoming an issue that will even 

exacerbate, because future smart glasses require faster CPU and a larger memory. 

Consequently, thermal management of smart glasses is essential for user safety and 

comfort. In this study, the temporal evolution of the temperature on the user’s 

forehead was investigated during the assembly work. Two different smart glasses and 

a tablet were used to provide twelve participants with visual instructions. The 

forehead temperature was measured before and after the assembly task using a 

thermal camera system. The analysis revealed statistically significant differences 

between the two smart glasses and the tablet. The results indicate that certain types 

of smart glasses can lead to a temperature rise during assembly work. 
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INTRODUCTION 

Smart glasses have been tested in industry as part of pilot studies, especially in the 

areas of assembly and logistics in large companies (Glockner et al., 2014). They have 

also been used under real conditions at assembly and picking workstations (Borisov, 

Weyers and Kluge, 2018; Berkemeier et al., 2017, pp.781-794; Friemert, Ellegast and 

Hartmann, 2016, pp.281-289). Their continuous development enabled a more 

intuitive operation and led to a better performance (Büttner et al., 2016). Smart 

glasses allow information to be displayed directly in the user's field of view, resulting 

in optimized workflows (Friemert, Ellegast and Hartmann, 2016, pp.281-289). The 

impact of smart glasses on workers can be studied from different perspectives. Many 

studies have already addressed efficiency, subjective strain, or acceptance 

(Rauschnabel and Ro, 2016, pp.123-148; Basoglu, Ok and Daim, 2017, pp.50-56; 

Blattgerste et al., 2017, pp.75-82). Koelle et al. (2017, pp.28712-28732) did not find 

a measurable change in the predominantly negative attitudes toward smart glasses 

during a multi-year study. The additional survey of 51 experts showed that increased 

acceptance of smart glasses is expected by the year 2026. Usefulness, functionality, 

and usability were identified as the most important factors for long-term acceptance. 

Existing usability problems need to be solved by using novel interaction methods and 

visualization techniques, according to this study. Our study addresses the problem of 

skin warming when smart glasses are used as a new digital work tool. To answer the 

research question, a laboratory study was conducted in which twelve employees from 

the assembly industry had to repeatedly complete realistic design tasks using different 

digital work tools. Temperature measurements were taken before and after each task 

using a thermal imaging camera. There are few studies that already have addressed 

the issue of thermal radiation and heating associated with smart glasses (Matsuhashi, 

Kanamoto and Kurokawa, 2019, pp.96-99; LiKamWa et al., 2014; Repacholi, 1998, 

pp.1-19). Due to the fact that smart glasses exhibit direct contact with the face and 

head, the device has a negative impact on human health at high temperatures 

(Matsuhashi, Kanamoto and Kurokawa, 2019, pp.96-99). The thermal management 

of smart glasses appears to be essential for the safety and comfort of the users and 

their physical health (Matsuhashi, Kanamoto and Kurokawa, 2020). For this reason, 

Matsuhashi, Kanamoto and Kurokawa (2020) proposed a way to optimize thermal 

counter-control when heat is generated at the head and introduced a thermal network 

model for smart glasses.  Heat measurements on the forehead after working with the 

smart glasses, however, have not yet been performed at all, especially not with 

different models of smart glasses. In the future, heat issues will become more serious 

because smart glasses will require faster central processing units (CPU) and larger 

memory to deal with enormous amounts of data. Therefore, thermal design is 

becoming one of the key technologies for future wearable devices.   
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METHODS 

PARTICIPANTS 

Twelve participants voluntarily participated in this study.  The ethics review board of 

the University of Applied Sciences Koblenz approved the study. Prior to the 

measurements, all participants signed a written informed consent. The age of the 

participants (10 men, 2 women) ranged from 21 to 55 years with a mean of 29.0 ± 9 

years. Their mean height was 182.0 ± 7.9 cm and mean weight was 79.8 ± 12.7 kg. 

Two participants (16.6%) reported a pre-existing condition and six candidates (50%) 

reported a visual impairment. None of the participants was dependent on a visual aid 

during the measurements. Eleven participants (91.6%) were right-handed, one 

participant (8.3%) was left-handed, and one participant (8.3%) was ambidextrous. All 

twelve candidates reported German as their native language, of which eight 

candidates (66.6%) were in education at the time of the study and four candidates 

(33.3%) were employed. Twelve participants (100%) with an average duration of 1.8 

± 1.1 years reported experience in assembly. None of the participants had previous 

experience with smart glasses as an assembly aid. 

 

EXPERIMENTAL DESIGN AND TASK DESCRIPTION 

In this study, two different binocular smart glasses and a tablet as an established 

reference system were investigated. The two smart glasses (Microsoft HoloLens, 1st 

generation and the Magic Leap One) were compared with the Lenovo Tab M10 tablet. 

The design task consisted of assembling miniature models from the Eitech Company 

from individual parts. The setup corresponded to a model-like replica of a 

standardized assembly workstation (Fig. 1). 

 

 

Figure 1. Illustration of the assembly workstation. A participant is performing the helicopter 

assembly task with the Magic Leap One. The participant's field of view is shown in the lower 

left corner. The next new component to be added is displayed in orange.  

In a well-lit and separated area of the laboratory, a height-adjustable assembly table 

was set up, equipped with four visual storage boxes and the necessary tools. The 
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boxes were filled with the components for the construction task and sorted by 

component type. The open fronted storage boxes were located at the front of the table. 

The test series took place in the laboratory for biomechanics and ergonomics at the 

Koblenz University of Applied Sciences in Remagen. A thermal camera system 

(20mK, FLIR – ThermaCAM SC3000, Sweden) was installed in proximity to the 

assembly workstation (Figure 2). 

 

 

 

Figure 2. Illustration of the setup for taking thermal images (left). The thermal camera (FLIR, 

ThermaCam SC3000) is located at a distance of one meter from a chair. The right image 

shows an exemplary thermal image of a participant. The scale corresponds to a range of 20°C 

(blue) to 35°C (white).  

At the beginning of the measurement day, the participants were introduced to their 

tasks.  After having filled out the necessary forms required by data protection law, a 

socio-demographic questionnaire was completed. A thermal image of the participant's 

head (Figure 2) was taken before and immediately after each assembly task (30 min.). 

For this purpose, the candidate took a seat facing forward at a distance of one meter 

from the thermal imaging camera. When the entire procedure was completed for one 

instructional system, a 30-minute break was taken. The Latin square scheme was used 

to randomize the order of the work tools and the miniature models. A schematic 

drawing represented the current state of the model. Newly added components were 

projected onto the current state of the model in exploded view and displayed in 

orange. Speech and gesture recognition algorithms were used to select individual 

steps. In addition, the models could be rotated, scaled, and positioned in space.      

 

DATA ANALYSIS 

Data analysis was performed using Python (Software Spyder, Version 3.7.5, Python 

Software Foundation, Delaware, USA). The thermal images (pre and post) were read 

into Python using the openCV library. Subsequently, the temperature values of the 

individual pixels of the forehead were written into a matrix and the respective maxi-

mum value was determined.  
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STATISTICS 

Statistical analysis was performed using R (version 1.4.1717, RStudio, Inc., Boston, 

MA). A two-way repeated measures ANOVA (α= 0.05) with factors time (pre and 

post) and medium (Tablet, HoloLens, MagicLeap) was carried out. Normal 

distribution of the residuals was visually audited via Q–Q (quantile-quantile) plots. 

Boxplots were used to detect outliers and sphericity was analyzed through Mauchly 

test (α=0.05) with a Greenhouse–Geisser correction, whenever necessary. Statistical 

significance level was 0.05 and post-hoc pairwise comparisons were done with 

Student’s t-test. The P-values were adjusted with the Bonferroni multiple test 

correction method. 

RESULTS 

Data analysis yielded the following results for temperature change after working 

with three different instructional systems (Table 1).  

 

 
Table 1: Results for the temperature values before (pre) and after (post) performing the assembly 

task with the respective instructional system Tablet, Magic Leap One and Microsoft HoloLens. 

Mean values with standard deviation are reported. 

Time Tablet Magic Leap HoloLens 

Pre (34.95 ± 0.52) °C (35.02 ± 0.50) °C (34.95 ± 0.45) °C  

Post (34.41 ± 0.81) °C (35.53 ± 0.48) °C (34.67 ± 0.58) °C  

 

The analysis revealed a statistically significant interaction between the instruction 

system and the time at temperature, F (2, 22) = 7.3, p < 0.01, η²p = 0.14. The effect 

of the medium was significant at time post, F (2, 22) = 11.5, p < 0.001, but not at time 

pre F (2, 22) = 0.166, p = 0.848. Using the Magic Leap One for assembly task led to 

significant higher values for maximum temperature comparing to the Microsoft 

HoloLens and the tablet (Table 2). 

Table 2.  Results of post hoc tests of the effect of the instructional system on maximum 

values of forehead temperature at the time post. P values are reported with mean difference 

and 95% confidence interval. Bold font highlights significant effects (p < 0.05). The 

abbreviations Microsoft HoloLens (HL), Magic Leap One (ML) and Tablet (TAB) are used. 

 

Dependent 

Variable 

HL - ML HL - TAB ML - TAB 

Temperature 

(post) 

0.012, 

-0.86, 95%-

CI[-1.38, -0.34] 

1.0, 

0.26, 95%-CI  

[-0.50, 1.02] 

0.001, 

1.12, 95%-CI  

[0.63, 1.61]  
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The effect of timing was significant for the Magic Leap One, F (1, 11) = 9.78, p=0.03, 

but not for the tablet (p=0.054) and the Microsoft HoloLens (p=0.741) (Figure 3).  

 

Fig. 3. Boxplots of the maximum temperature values for the three experimental 

conditions: HoloLens, Magic Leap and tablet at time pre and post. Statistically significant 

differences are indicated with asterisks (* p < 0.05, ** p < 0.01, ***p<0.001). 

DISCUSSION 

The statistical analysis showed that after an assembly task of 30 min, there were 

significant differences regarding the maximum forehead temperature between 

specific smart glasses models and the tablet. It is remarkable that there were no 

significant differences between the Microsoft HoloLens and the tablet at time post. 

Furthermore, the analysis showed significant differences for the Magic Leap 

instructional system between the pre-assembly and post-assembly time points. This 

reinforces our conclusion that performing complex assembly tasks with smart glasses 

can lead to local heating of the skin surface, but the results are not generalizable to 

all smart glasses models. Supporting this hypothesis, the data for the Microsoft 

HoloLens showed no significant heating at time post. Surprisingly, the forehead 

temperature values even decreased slightly, but not significantly, on average after 

working with the HoloLens and the tablet. Studies confirmed, that electromagnetic 

radiation can locally increase the temperature in tissues and even damage them 

(Matsuhashi, Kanamoto and Kurokawa, 2019, pp.96-99). Based on our findings, we 

recommend that prior to the introduction of smart glasses into organizations, the 

arrangement of heat-producing hardware components should be investigated 

thoroughly. It became clear that the thermal load of humans working with smart 

glasses is highly dependent on the particular smart glasses model.  When smart 

glasses are going to be introduced in a company, this aspect should be urgently 

considered due to the potential impact on long-term safety and health of the 

employees in the workplace.    
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STUDY LIMITATIONS 

A few limitations of this study should be considered when interpreting the results. 

The participants have performed the task in a sitting position. Further investigation is 

needed to determine whether the same results can be obtained with a setup in which 

participants engage in additional physical activity. In addition, the effect of the smart 

glasses was analyzed after only half an hour of work. It is therefore unclear whether 

the results are transferable to a situation in which people work with the instruction 

systems for much longer. Also pending is a study on thermal well-being, which could 

play a role in the acceptance of smart glasses among assembly workers.    

CONCLUSION 

In this study, the difference of local forehead temperature after construction tasks was 

investigated with three different instructional media under laboratory conditions. The 

observed effects presented in this study are strongly dependent on the hardware 

implementation. This means that the results of further temperature studies with bin-

ocular smart glasses need to be thoroughly evaluated, focusing on the model type, 

and should not be generalized to all kinds of smart glasses. In terms of temperature, 

differences between the smart glasses and the tablet are evident. This could have 

implications for long-term occupational safety and health.   
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