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Abstract 

Decision processes in emergency management are particularly complex. Operations managers have to 

make decisions under time pressure while the situation at hand changes continuously. As wrong deci-

sions in emergencies often have drastic effects, operations managers try to receive information from 

various sources such as the emergency control centre, their operation forces, databases, electronic lo-

cation maps and drones. However, previous research has shown that humans have only limited infor-

mation processing capabilities, and once these are exceeded, task performance decreases. Augmented 

Reality (AR) offers entire new possibilities to visualise information. Previous research on the relation-

ship between the use of AR for information visualisation and the experienced cognitive load yielded 

contradictory results. By using the design science approach, we therefore aim to develop an AR decision 

support system. In a comparative eye-tracking study, we plan to examine how different types of AR 

information visualisation affect the experienced cognitive load of operations managers and thus deci-

sion-making. In this research-in-progress paper, we present the results of expert interviews with six 

operations managers who described three AR use cases in emergency management and five require-

ments for an AR decision support system. 

Keywords: Augmented Reality, Cognitive Load, Decision-Making Support, Emergency Management. 
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1 Introduction 

An emergency typically occurs suddenly and may result in severe human, environmental and economic 

damage (Mirbabaie & Zapatka, 2017; Parker, 1992; Stieglitz, Mirbabaie, & Milde, 2018). Preventing 

further damage requires emergency managers to quickly gain situational awareness and make decisions 

for immediate action (Seppänen et al., 2013; Stieglitz, Mirbabaie, Fromm, et al., 2018). It would be ideal 

if emergency managers could take their time to carefully collect enough verified information to make 

an optimal decision, as every wrong decision could result in further damage. In practice, however, emer-

gency managers have to make decisions under time pressure and based on incomplete or uncertain in-

formation while the situation at hand often changes unexpectedly (Bunker et al., 2017). Besides, emer-

gency managers typically have to process a large amount of information simultaneously as they fre-

quently receive situational updates from emergency control centre personnel and their operation forces 

(Carver & Turoff, 2007). Prior studies on cognitive load have revealed that decision-making perfor-

mance decreases with an increasing amount of information which needs to be processed in particular 

under time pressure (Workman, 2016). To improve decision-making in emergency situations, it is thus 

highly relevant to examine how information visualisation could be optimised to increase the information 

processing capabilities of emergency managers. 

In recent years, Augmented Reality (AR) has moved into the focus of information systems research as 

a technology enabling to visualise a large amount of information in an entirely different way 

(Olshannikova et al., 2015). AR systems allow to enhance the user’s field of vision by superimposing 

the real world with virtual objects (Azuma, 1997). The results of previous studies suggest that AR could 

enhance analytical reasoning and decision-making by allowing to present information in direct associa-

tion with relevant objects in the real world (Chandler et al., 2015; ElSayed et al., 2016). In the context 

of emergency management, however, it is still uncertain how AR could be utilised to reduce the cogni-

tive load of emergency managers and improve decision-making. Over the course of a two-year design 

science project, we therefore aim to develop and evaluate an AR decision support system for emergency 

managers in close cooperation with practitioners. Thereby, the project focuses on evaluating the impact 

of an AR decision support system on the experienced cognitive load of emergency managers and their 

decision-making performance in rescue and evacuation operations. In this research-in-progress paper, 

we describe how we plan to achieve our research goal by following the Design Science Research Process 

Model (Peffers et al., 2007) and present the results of the first and second phase of this research process. 

Hence, we address the following research questions within the scope of this paper:  

RQ1: How can AR be utilised to support decision-making in emergency management? 

RQ2: What requirements do emergency managers have for AR decision support systems? 

This paper is structured as follows: The next section provides an overview about the theoretical founda-

tions of decision making with a focus on how decision support systems influence the trade-off between 

maximising decision quality and reducing cognitive effort. Afterwards, previous studies on the relation-

ship between AR and cognitive load are presented. Subsequently, the implementation and results of 

expert interviews with six emergency managers are described. The aim of these interviews is to identify 

use cases and requirements for AR decision support in emergency management to be able to develop a 

prototype for one of these use cases in the further course of the design science study. In the last section, 

it is described how the prototype development and evaluation will be carried out based on the results. 

2 Background 

2.1 Cognitive Effort Model of Decision-Making 

Due to their limited capacity to absorb and process information, humans cannot always make optimal 

decisions (Sweller, 1988). To process information, humans first absorb cues via sensory memory, filter-

ing out only the most relevant information and passing it on to working memory (Huang et al., 2009). 

There, information is processed and linked, while the newly acquired knowledge is then stored in long-

term memory (Dosher, 2003). In contrast to long-term memory, however, working memory has a very 
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low capacity. On average, humans are able to store seven unknown isolated information units in their 

working memory (Miller, 1956). If these information units have to be linked and processed with each 

other, the capacity is further reduced to four information units (Cowan, 2000). The cognitive effort as-

sociated with these mental operations can be reduced through the use of decision support systems which 

provide functionalities to decrease processing effort, memory effort and information tracking effort 

(Taylor, 1975). However, there remains the question of how the decision behaviour changes when using 

a decision support system. Traditional decision support systems literature assumes that decision makers 

would use the additional support to maximise the quality of their decisions (Keen & Scott Morton, 1978). 

In contrast, other scholars suggest that reducing cognitive effort also plays an important role and deci-

sion makers therefore make a trade-off between maximising decision quality and reducing cognitive 

effort (Payne, 1982). In a series of experiments, Todd and Benbasat (1991) examined this trade-off more 

closely and found that decision makers tend to use strategies to reduce cognitive effort as long as deci-

sion quality is not massively compromised.  

In this context, it has also been shown that decision quality increases with the amount of available in-

formation up to the point where the information processing capacities of decision makers are exceeded 

(Schroder et al., 1967). A number of other studies have confirmed that cognitive load increases with a 

larger amount of information available and is associated with decreased decision quality (Deck & Jahedi, 

2015; Hwang & Lin, 1999). A further study has revealed that higher cognitive load increases the time 

needed to make a decision as well as decision uncertainty (Davcheva & Benlian, 2018). When making 

decisions in emergency situations, cognitive load is particularly relevant since time pressure (Hahn et 

al., 1992; Workman, 2016), task complexity (Lyell et al., 2018) and personal involvement (Schaefer et 

al., 2015) have been shown to increase cognitive load. In order to make the best possible decisions 

during emergency situations, emergency managers must continuously process a large amount of infor-

mation from various sources in order to maintain situational awareness (Seppänen, 2013). Thus, a high 

cognitive load is an inherent characteristic of decision-making in emergency situations. However, 

emerging technologies could influence the perceived cognitive load which is caused by a complicated 

representation of information. Since AR offers new possibilities to visualise information, it is relevant 

to investigate how this technology could contribute to reducing cognitive load of decision-makers in 

emergency management.  

2.2 Augmented Reality and Cognitive Load 

The basic characteristics of AR systems are that they 1) combine real and virtual content, 2) are inter-

active in real time and 3) registered in three dimensions (Azuma, 1997). Virtual content, however, does 

not only comprise the visual augmentation of the real world, but also the augmentation with artificially 

generated sounds, haptic experiences, smells and tastes (Geroimenko, 2012). AR can be experienced 

through a wide range of different devices including head-up displays, head-mounted displays, virtual 

retina displays, smart glasses and hand-held devices (van Krevelen & Poelman, 2010). An essential 

difference between AR and the similar concept of virtual reality is that users of an AR application always 

perceive their real environment, while a virtual reality application completely replaces their real envi-

ronment with a virtual one (Milgram & Kishino, 1994). For this reason, AR is considered most useful 

when "the success [of a task] is increased or made more likely (...) through additional visual information 

being presented alongside the physical world" (Steffen et al., 2017). In the context of emergency man-

agement, there are already examples of AR applications that improve information access and situational 

awareness of first responders and operations managers (Lukosch et al., 2015; Tsai & Yau, 2013), cross-

organisational and intra-organisational collaboration (Brunetti et al., 2015; Nilsson et al., 2011), and 

emergency response training (Sebillo et al., 2016). 

Although researchers have developed AR applications for emergency management, the influence of 

information visualisation by means of AR on cognitive load has rather been investigated in other appli-

cation domains. For example, earlier research revealed that AR assembly instructions in the user's field 

of vision required fewer cognitive resources to mentally transfer instructions from a computer screen to 

the assembly object (Tang et al., 2003). The potential of AR instructions to reduce cognitive load, as-

sembly time and error rates has also been demonstrated in more recent studies (Hou et al., 2013; Re et 
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al., 2016). Using a navigation system while driving is another task requiring mental transformation, 

since drivers must constantly switch their attention between the traffic situation and the navigation sys-

tem. A study by Kim and Dey (2009) has revealed that displaying navigation arrows in the car wind-

shield could reduce cognitive load by eliminating the need to divide attention between windshield and 

navigation system. In the context of student learning, AR could reduce cognitive load by allowing to 

present related information spatially close to each other (Bujak et al., 2013). The information presenta-

tion mode plays an important role for the reduction of cognitive load as well. Related to this, it has been 

demonstrated that the performance of warehouse pickers could be increased more drastically by a 

graphic-based AR user interface than by a text-based AR user interface (Kim et al., 2019). However, 

previous studies also revealed perceptual problems related to AR applications that could result in an 

increased cognitive load. The positioning of virtual content in the user's central field of vision, for ex-

ample, could obscure real world objects and negatively affect information processing (Kishishita et al., 

2014). The incorrect depth interpretation of virtual objects also represents a perceptual problem, which 

makes information processing more difficult (Kruijff et al., 2010). To avoid negative effects on cognitive 

load, researchers have emphasised the necessity to choose visualisations matching the mental models of 

users and to avoid overly cluttered user interfaces when designing AR applications (T. C. Endsley et al., 

2017). 

3 Design Science Research 

The key objective of the described design science study is to investigate how an AR application should 

be designed in order to reduce the cognitive load of decision-makers in emergency management. In 

doing so, we followed the Design Science Research Methodology Process Model depicted in Figure 1 

(Peffers, 2007) and the seven design science guidelines by Hevner (2004). In this research-in-progress 

paper, we present the results of the first two phases of the design science research process: 1) problem 

identification 2) objective definition of the solution. 

 

Figure 1. Design Science Research Methodology Process Modell based on Peffers (2007)  

In order to gain an understanding of the problems faced by decision-makers in emergency management 

and to obtain ideas and requirements for an AR solution, we conducted semi-structured interviews with 

decision-makers from six different emergency agencies in Germany. In emergency management, a dis-

tinction can be made between strategic decision-making processes in the crisis unit and operational de-

cision-making processes of operations managers on site. In this study, we focus on the use of AR to 

support the decision-making processes of operations managers, who accompany their task forces to the 

scene of the crisis, obtain an overview of the current situation there and coordinate their task forces on 

this basis. All respondents have already been active as operations managers for more than 10 years and 

made decisions about the activities of their assigned operations forces during emergency situations. 

Three of the interviewed operations managers belong to fire departments and take the lead in firefighting 

and rescue operations while the other interviewees work for different emergency organisations usually 

providing assistance for the fire department in charge. An overview of the persons interviewed can be 

found in Table 1. 
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No. Name of Emergency Agency Type of Emergency Agency Job Title 
Years of 

Service 

1 Voluntary Fire Department No. 1 Fire Department Formation Leader 26 

2 Voluntary Fire Department No. 2 Fire Department 
Fire Extinguishing 

Train Guide 
18 

3 
Federal Agency for Technical 

Relief 

Civil Protection and Disaster 

Management Organisation 
Head of Department 27 

4 Voluntary Fire Department No. 3 Fire Department Head of Operations 16 

5 German Red Cross Welfare Organisation Head of Operations 10 

6 Johanniter-Unfall-Hilfe e.V. Evangelical Aid Organisation Specialist Supervisor 33 

Table 1. Description of Respondents 

Before the interviews were conducted, an interview guide with main questions on three topics was pre-

pared. At the beginning of the interviews, the participants were informed about the aim of the study and 

their rights as participants. The interviewees then gave their consent to the recording of the interviews. 

In the first part of the interview, the interviewees were asked to describe which activities they carry out 

in their organisations, in which crises they become active and which decisions they make in their daily 

work. In the second part, the interviewees described the decision-making processes in their organisations 

in detail, including challenges and existing technical aids. Subsequently, AR was explained to the re-

spondents with the help of an informative YouTube video (Intelligente Welt, 2014). In the third part of 

the interview, respondents were asked about ideas for using AR to support decision-making in crisis 

management. The interviewees were also asked to describe how they envision the implementation of 

such an application and what requirements they would have for an AR decision support system. 

The method of inductive category formation according to Mayring (2014) was used to analyse the in-

terviews. Based on the research questions formulated at the beginning, two different category systems 

were formed: 1) AR use cases and 2) requirements. We defined selection criteria for both category 

systems, and then checked the transcripts line by line for relevant text passages. A relevant text passage 

was either assigned to an existing category or a new category was created. Finally, similar categories of 

use cases or requirements were combined into one category to reduce the number of categories. For the 

first category system, all text passages describing use cases for AR decision support in emergency man-

agement were considered relevant. Mentioned use cases that did not fall under the definition of AR or 

did not refer to decision-making processes were not considered in the category system. The category 

system included three main use cases summarising six subcategories (U1: drone images and electronic 

location maps, drone images and setup of evacuation rooms or parking spaces, drone images and intel-

ligent clothing; U2: car rescue instructions; U3: additional building information, simulation of hazard-

ous substance reactions). For the second category system, all text passages were considered relevant in 

which the respondents described the requirements an AR application would have to fulfil in order to be 

accepted by them in everyday working life. The category system included five main requirements sum-

marising nine subcategories (R1: tablet vs. safety visor, adaptable for different roles and emergency 

types; R2: intuitive usage, familiar devices and interaction; R3: robustness of hardware and software; 

R4: only visual stimuli, only limited selection of AR elements; R5: access to additional information, 

faster information access). The coding process was performed by two researchers independently of each 

other (Krippendorff’s alpha = .83) and discrepancies were resolved by discussions.  

4 Results 

4.1 AR Use Cases 

Use case 1: Augmenting live drone images with information gained from other sources 

Almost every interviewee has explained that drones are already being used occasionally to increase the 

situational awareness of operations managers (I1, I2, I4, I5, I6). In particular, drones are used when large 

areas are affected by a crisis or when exploration by task forces would be too dangerous due to harmful 
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substances. An operations manager can view the recordings of the drone in real time on a tablet and 

make decisions on this basis. All respondents also reported that electronic location maps showing the 

locations of sewers, water pipes, hydrants and pollutant storage sites have been in use for quite some 

time. Two respondents could well imagine displaying the information from electronic location maps as 

a visual overlay on live drone images (I1, I4). This would bear an immense advantage for decision 

making, as operations managers would no longer have to mentally link the information from the live 

drone image on a tablet with the information from the electronic location maps. Two respondents further 

thought it would be useful if they could add virtual objects to the live drone image to plan where evac-

uation rooms, treatment rooms, parking spaces for operations forces or helipads could be set up sponta-

neously (I5, I6). Another respondent had the idea to equip firefighters with intelligent protective clothing 

which allows to measure heart frequency and body temperature (I2). The interviewee considered it use-

ful to augment live drone images with such information, so that an operations manager could make a 

timely decision to withdraw endangered forces.  

Use case 2: Displaying instructions to free a person from an accident car 

Many respondents have described that the release of a person from an accident car is associated with 

great uncertainty (I2, I3, I4). It is very important for emergency personnel to know where airbags, car 

batteries and gas cylinders are located as making a cut in the wrong place could result in an explosion 

further endangering the injured person and the emergency personnel. All those questioned have ex-

plained that the operations manager currently communicates the number plate of an accident car to the 

control centre, the control centre then retrieves the required data from the crash recovery system and 

sends it back to the operations manager by fax. The rescue of injured persons from accident cars is 

delayed by the cumbersome communication channels and the mental processing of the information from 

the fax. Three interviewees wished to have the position of explosive objects in the car displayed in their 

field of vision (I2, I3, I4). In addition, places should be marked where cuts can be made without risk of 

explosion (I2, I3). 

Use case 3: Displaying additional information about buildings 

Two respondents have explained that decisions in rescue operations are strongly influenced by the char-

acteristics of a building (I1, I3). A lot of information is needed to decide which measures need to be 

taken to safely rescue people from a building. For example, it is relevant to know the type of building, 

the number of people inside, whether there are children, elderly or disabled people in the building and 

whether hazardous substances are stored in the building. One respondent therefore would like to have 

an AR application which automatically recognises a building when it is viewed and then displays such 

information in their field of vision (I3). As a result, improved decisions would be made in rescue oper-

ations and operations managers would experience less uncertainty when giving instructions. A few re-

spondents further thought it would be useful if buildings with hazardous substances were automatically 

detected and warnings about hazardous substance reactions were then displayed in the field of vision of 

emergency personnel (I1, I3). An additional function could be the simulation of hazardous substance 

reactions, so that operations managers can better assess the consequences for the environment when 

making decisions (I1). 

4.2 Requirements 

Requirement 1: It should be possible to adapt AR hardware and software to the role of the user 

in the emergency operation and the type of emergency. 

According to the respondents, operations managers are currently already working with a tablet and often 

view the information displayed together with other managers (I1, I2, I3, I5, I6). An AR application for 

operations managers should therefore run on a handheld device that is large enough to be viewed by 

several people at the same time (I1, I5, I6). In some operations, on the other hand, operations managers 

are required to wear protective clothing and do not have their hands free to operate a handheld device. 

The interviewees therefore considered the integration of AR elements into the visor of safety helmets or 

breathing masks as more useful in these cases (I2, I3, I4). Furthermore, emergency agencies are very 

hierarchically structured, and the information considered relevant for decision-making is different for 
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each management level. An AR application should therefore be designed specifically for a certain man-

agement level or the type of information should be adaptable with as little effort as possible (I2, I4). The 

type of information required also depends on the type of emergency, so an AR application should either 

be designed for a particular type of emergency or be easily adaptable to different emergency situations 

(I2, I4). 

Requirement 2: An AR application should preferably work on familiar end devices and be con-

trolled in a way that is familiar from everyday smartphone use. 

For many respondents, it was of great importance that an AR application could be operated intuitively 

even under stress and time pressure (I1, I3, I6). Instead of purchasing AR glasses as new, unfamiliar and 

expensive devices, the respondents preferred end devices such as tablets, which are already in use (I1, 

I2, I3, I5, I6). The display of visual elements in safety helmets was also evaluated as intuitive (I2, I4, 

I4), but one respondent doubted that investments would be made in protective clothing with AR func-

tionalities, as these would have to be replaced more often due to damages (I2). The respondents further 

suggested that an AR application should preferably be operated with wiping gestures familiar from eve-

ryday smartphone use (I1, I3, I6). Voice input was also mentioned by one respondent as a possibility 

(I2), but the other respondents considered this to be less useful, as operations managers are often exposed 

to heavy noise (I1, I4, I6).   

Requirement 3: AR hardware should withstand shock, moisture and extreme temperatures. 

Since operations managers often work in extreme situations, all respondents considered a high degree 

of robustness of AR hardware necessary. Especially when used in burning buildings, AR hardware 

would have to withstand extremely high temperatures, while AR hardware would have to be water-

resistant in the event of flooding or heavy rainfall. It was important for all respondents to be able to rely 

on AR hardware in emergency operations. However, many respondents doubted the robustness of cur-

rent AR hardware and would fall back on tried and tested tools if necessary (I1, I3, I6). 

Requirement 4: An AR application should only include a limited selection of visual AR elements 

to avoid a flood of stimuli and information overload. 

In principle, AR offers not only the possibility to extend reality by visual elements, but also by auditory 

or haptic virtual elements. Respondents were asked explicitly whether they also have ideas for using 

these other forms of AR. Some respondents described ideas that were either not related to supporting 

decision-making or did not correspond to the definition of AR (I1, I2, I4). These use cases were therefore 

not included in the results. However, some respondents also explicitly objected to including further 

sensory experiences in AR applications, as they already perceive the flood of stimuli in emergency op-

erations as stressful (I3, I4, I5). Furthermore, it was emphasised that although there is a lot of information 

that could be displayed as visual AR overlays, an AR application could only have an added value if the 

displayed information is limited to a meaningful selection. Otherwise, this would lead to information 

overload and thus worsen the decision-making performance (I3, I4). 

Requirement 5: An AR application must provide information faster than other information sys-

tems or provide information that is not otherwise available. 

Operations managers already have access to a large number of databases and information systems. Ac-

cording to the respondents, a major disadvantage of these existing technical aids is that often several 

communication steps are necessary to retrieve information (I2, I3, I4). Furthermore, a query often pro-

vides not only the information that is relevant in the current situation, but also a wealth of other infor-

mation. All respondents were therefore interested in the possibilities of AR and would be willing to try 

out an AR application for the use cases described above. However, the respondents also emphasised that 

the costs and training effort would only be worthwhile if the AR application provided information faster 

than the existing information systems (I2, I3, I6). For a high acceptance on the part of decision-makers 

in emergency management, the added value should therefore play an essential role in the development 

of an AR application. 
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5 Conclusion and Outlook 

In the previous section, we have presented the results of the first and second phase of a design science 

research study in which we aim to develop and evaluate an AR decision support system for emergency 

management. In future phases, we plan to investigate how the use of AR for information visualisation 

influences the experienced cognitive load of operations managers and their decision behaviour. As pre-

vious studies have come to contradictory results regarding the relationship between the use of AR for 

information visualisation and cognitive load, the results of our research will be an important theoretical 

contribution. Some studies have already shown that AR can reduce the cognitive effort for mental trans-

formation tasks, since information can be visualised in direct connection with the relevant real world 

objects (Bujak, 2013; Kim, 2009; Tang, 2003). Other studies, however, pointed out that the perception 

and mental processing of several virtual overlays on top of the real world might increase cognitive load 

(T. C. Endsley, 2017; Kishishita, 2014; Kruijff, 2010). We therefore plan to develop a prototypical AR 

decision support system and evaluate in a comparative eye-tracking study how different types of AR 

information visualisation affect cognitive load and decision-making performance of operations manag-

ers. 

To develop a prototypical AR decision support system, we conducted expert interviews with six opera-

tions managers in a first step. From these interviews, we identified three use cases for AR in decision 

processes and five requirements for an AR decision support system. All respondents would be willing 

to use an AR decision support system and expected less cognitive load related to the mental merging of 

real world objects (e.g. buildings, vehicles) with information from different sources (e.g. live drone 

images, electronic location maps, toxin databases, crash recovery system). In the context of the first use 

case, a few respondents also explained that it requires a high degree of imagination to make decisions 

about the setup of ad hoc treatment rooms, evacuation rooms, emergency response parking areas, and 

helipads. According to these respondents, cognitive load could be reduced if an AR decision support 

system would allow operations managers to create such areas as virtual objects, since a lower level of 

imagination would be required. However, for the successful implementation of an AR decision support 

system, respondents also described some requirements – in the context of cognitive load, the fourth 

requirement is particularly noteworthy. Some respondents have pointed out that they are already expe-

riencing a flood of stimuli and information overload in operations, which is why an AR decision support 

system should only contain a limited number of virtual objects and should also be limited to a visual 

augmentation of the real world. 

In the further course of the design science study, we will conduct explanatory focus groups with opera-

tions managers. Thereby, we will follow the procedural model of Tremblay et al. (2010) which outlines 

how focus groups can be used in a design science context to refine and evaluate prototypes. In these 

focus groups, the participants will discuss which use case has the greatest potential to reduce cognitive 

load of operations managers in emergency situations and then select this use case for implementation. 

For this specific use case, we will conduct a goal directed task analysis specifically developed to derive 

requirements for systems enhancing situational awareness and decision-making (M. R. Endsley et al., 

2003). The knowledge obtained through this analysis will help us to refine the requirements we already 

presented in this research-in-progress paper. During the evaluation phase, the AR decision support sys-

tem will be used by operations managers during emergency exercises. The perceived cognitive load and 

the decision-making performance of operations managers will be compared during an exercise without 

AR and during an exercise with AR. As a subjective measurement instrument, we will use the NASA-

Task Load Index which is a commonly used scale to measure cognitive load (Galy et al., 2012). Deci-

sion-making performance will be measured with this instrument as well, since the NASA-Task Load 

Index also includes a performance subscale. In addition, the decision-making performance will be rated 

by the instructor and we will measure the time needed to make decisions. In the AR exercises, we further 

plan to vary the number, placement and presentation form of the visual AR elements to determine dif-

ferences in cognitive load. The Dikablis eye tracking glasses will be used to record the fixation count, 

dwell time and blink rate of the operations managers (Ergoneers, 2018) as it has already been shown in 

previous studies that these metrics vary depending on the cognitive load (Martin, 2014). Based on these 

results, we aim to derive design principles for the development of future AR decision support systems.  
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