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Does overlay field of view in head-mounted displays affect spatial memorization? ✩
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One of the main targets of criticism of head-mounted displays (HMDs) is the field of view (FOV) size, whether in virtual or augmented reality. This limitation is prominent with optical see-through head-mounted displays (OST-HMD), as those with narrow overlay FOV (OFOV) sizes only provide a small window to view virtual objects. We investigated if restricting this OFOV negatively affects a user's ability to memorize spatial locations in a simulation of a work environment, and consequently, long-term memory transfer to an equivalent scenario in the real world two days later. To find empirical evidence, we conducted a within-subjects experiment with 18 participants performing in three phases with an OST-HMD, simulated on an immersive HMD. For each phase, they viewed the training scenario with a different OFOV size of the augmentable area (30 • , 70 • , 110 • diagonal). Results from recall tests showed that smaller OFOV size did not significantly affect user's performance on both short-term and transfer tests, but HMD data revealed that users rotated their heads less with a 110 • OFOV. We also found that proximity of objects to memorize had an interaction effect with smaller OFOV sizes. Our findings could have implications on the design and HMD choices of augmented training.

Introduction

Current technologies like virtual and augmented reality (VR, AR) have been used to facilitate training sessions by simulating the work environment [START_REF] Zahabi | Adaptive virtual reality-based training: a systematic literature review and framework[END_REF][START_REF] Gavish | Evaluating virtual reality and augmented reality training for industrial maintenance and assembly tasks[END_REF], in case of inaccessibility of the workspace or lack of training space. Skills like spatial awareness and understanding rely on the quality of spatial information, which makes AR or VR viable training platforms. For example, astronauts need to be aware of the changing spatial orientation as they perform tasks under the influence of lower gravity [START_REF] Oman | Three dimensional spatial memory and learning in real and virtual environments[END_REF]. Some tasks require memorizing the layout of the space, then transferring the retained information in another form and location [START_REF] Alfano | Restricting the field of view: Perceptual and performance effects[END_REF][START_REF] Pausch | Quantifying immersion in virtual reality[END_REF], potentially reallocating time from memorization to other critical operations. The visual designs of AR/VR environments and appropriate placement of task information in the scene should then be considered to support positive training transfer (i.e., continuous and efficient performance [START_REF] Baldwin | Transfer of training: A review and directions for future research[END_REF]) to the actual task.

Viewing such information should suit our human eyes, which have a binocular field of view (FOV) at 114 • horizontally [START_REF] Howard | Binocular vision and stereopsis[END_REF]. Off-the-shelf head-mounted displays (HMDs) offer different FOVs. In particular, optical see-through head mounted displays (OST-HMDs) have significantly smaller FOV than immersive (non-seethrough) HMDs, which means less space to augment information or virtual objects. To clarify, the FOV we refer to here is the overlay FOV (OFOV), different from the FOV of the world, which is usually much larger. For example, Microsoft HoloLens has 34 • and 52 • diagonal OFOV for the first and second generations, respectively, 1 while Meta 2 has a 90 • horizontal OFOV. 2 On the other hand, immersive HMDs have a much larger FOV, e.g., 110 • of the HTC Vive 3 or 200 • of the Pimax Vision 8K X. 4 Since different HMDs provide different FOV sizes, we would like to investigate whether the OFOV size affects the memorization of Fig. 1. The participant's egocentric view (left-eye camera) while performing the memorization task, in three different levels of overlay field of view (OFOV ) (a-c, blue outline was not visible to the participants). The training was conducted in a virtual environment (d, top) with a blank background and floor, while the transfer environment (d, bottom) in the real world used a green curtain backdrop and floor. The panel boards were visible in the same way across all three OFOV sizes. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) spatial relationships. Various studies showed that limiting a user's OFOV will negatively affect their ability to memorize the layout of the environment [START_REF] Alfano | Restricting the field of view: Perceptual and performance effects[END_REF][START_REF] Arthur | Effects of field of view on performance with head-mounted displays[END_REF] and time to navigate the environment [START_REF] Toet | Effects of field of view on human locomotion[END_REF]. Intuitively, one would expect a small OFOV to, similarly, negatively affect the user as it truncates the view of the virtual objects. The limited OFOV could also lead to partial loss of information that lies outside it, further hindering the learning process. However, this effect could be counteracted by the increased focus users need to exert to memorize the locations when they are not visible all the time under a smaller OFOV. Furthermore, users focus primarily on the object at the center of the visual field [START_REF] Sidenmark | Eye&head: Synergetic eye and head movement for gaze pointing and selection[END_REF], limiting the benefits a larger OFOV could have on the memorization task. We specifically chose memorizing two virtual objects because their distance would affect the way they are viewed with an HMD with a restricted FOV. We see the benefit of exploring this task on operations like gaze-free control, faster search, and cross-checking of spatial information. Furthermore, some operations in the real world involve both immensity and complexity like circuitry and cable work, where memorizing the connection between two points are necessary.

We conducted a within-subjects experiment (N = 18) that investigates the effects of the size of the OFOV on a user's ability to memorize locations of interest. As we did not have access to a large FOV OST-HMD, we utilize a simulation of an OST-HMD in VR that allows us to explore FOVs not currently possible on most commercial OST-HMDs. Such simulations of AR have been shown to provide results similar to those conducted on the actual device [START_REF] Lee | A replication study testing the validity of AR simulation in VR for controlled experiments[END_REF] and have been used to study navigation techniques for OST-HMDs [START_REF] Renner | Attention guiding techniques using peripheral vision and eye tracking for feedback in augmented-reality-based assistance systems[END_REF]. We simulate three OFOVs (30 • , 70 • , 110 • , measured diagonally, as seen in Fig. 1). For each OFOV participants had to memorize the locations of 15 target pairs over the course of four memorization tasks. Each memorization task was followed by a recall task to monitor the participants' progress. Finally, we evaluated retention on a transfer task two days later in a real environment resembling the virtual training scenario (Fig. 1d). Our results show no significant difference among the OFOV sizes in terms of correct responses during the recall tasks as well as the transfer task. However, the recorded HMD rotation data revealed that participants had the least amount of overall rotation in the 110 • condition, which lessens potential physical strain and reduces overall memorization time.

The contributions of our work are as follows:

• We conduct an empirical study and gather subjective feedback about the relationship between OFOV in OST-HMDs and spatial memory,

• We provide insights about the relevance the OFOV of an HMD has in influencing the way a user perceives and carries out a task, particularly highlighting the issue of incomplete perception of the virtual objects even when the real world is fully shown in an OST-HMD setup.

• We highlight observations made on spatial memorization that could have implications on the design of HMD-based simulations as training environments (e.g., trainees exert less head rotation on large OFOVs, the proximity of virtual objects as training stimuli is important).

• We present results and findings relevant to the discussion of whether or not designers should be wary about the OFOV to support the training process.

Related work

Applications in AR and VR have demonstrated their potential of assisting many spatial tasks and improving the spatial skills of users, such as spatial memorization. In many studies, however, the FOV of the AR and VR devices have been commonly cited as a factor affecting the development of such applications and the users' performance.

In this section, we review prior explorations of AR and VR for spatial memorization. We follow it up with a discussion of effects a limited FOV could have on users and ways to mitigate it.

Spatial memorization in AR and VR

Benefits of AR and VR to learning have been studied extensively, showing that both can support memorization [START_REF] Caluya | Transferability of spatial maps: Augmented vs. virtual reality training[END_REF][START_REF] Gacem | Impact of motorized projection guidance on spatial memory[END_REF][START_REF] Fujimoto | Relation between location of information displayed by augmented reality and user's memorization[END_REF][START_REF] Rosello | NeverMind: Using augmented reality for memorization[END_REF][START_REF] Krokos | Virtual memory palaces: immersion aids recall[END_REF]. It is important to note that the amount of time passed before shortterm and long-term recall tests varies depending on the study [START_REF] Gacem | Impact of motorized projection guidance on spatial memory[END_REF][START_REF] Ishikawa | Retention of memory for large-scale spaces[END_REF][START_REF] Cowan | What are the differences between long-term, short-term, and working memory?[END_REF][START_REF] Baars | Chapter 2 -a useful framework[END_REF][START_REF] Atkinson | The control of short-term memory[END_REF]. Generally, short-term memory recall is considered to happen immediately after a memorization task (within 30 s) while long-term recall refers to any event where the memory is probed at a later time.

The efficiency of the learning process can be affected by different parameters, such as the number of dimensions of the environment [START_REF] Cockburn | Evaluating the effectiveness of spatial memory in 2D and 3D physical and virtual environments[END_REF], the number of repetitions and items to remember [START_REF] Atkinson | The control of short-term memory[END_REF], or the presence of landmarks [START_REF] Uddin | The effects of artificial landmarks on learning and performance in spatial-memory interfaces[END_REF][START_REF] Gao | Artificial landmarks to facilitate spatial learning and recalling for curved visual wall layout in virtual reality[END_REF], which was found to be more beneficial for learning the location of elements than a grid layout.

Although it is more difficult to memorize items distributed in a 3D space over 2D [START_REF] Cockburn | Evaluating the effectiveness of spatial memory in 2D and 3D physical and virtual environments[END_REF], the 3D nature of the experience has been shown to be beneficial for the loci memorization technique [START_REF] Rosello | NeverMind: Using augmented reality for memorization[END_REF][START_REF] Krokos | Virtual memory palaces: immersion aids recall[END_REF]. This technique associates locations the user is familiar with to pieces of information. When trying to memorize the information, the user creates a mental walkpath between the different locations, recollecting the information as they continue on the path. This integration of spatial information can assist the retention process.

Others explored how directly augmenting the environment by overlaying the content associated with the location onto it, could be beneficial for the learning process. Gacem et al. [START_REF] Gacem | Impact of motorized projection guidance on spatial memory[END_REF] compared the effects of different confirmation and highlighting techniques on learning the spatial location of elements around the user, but did not investigate the FOV. In a similar study, Caluya et al. [START_REF] Caluya | Transferability of spatial maps: Augmented vs. virtual reality training[END_REF] compared learning of spatial locations in AR and VR, and found that VR resulted in better short-term recall, while AR led to better long-term memorization. They also noted that although participants were asked to stand at a pre-defined location, they tended to step backwards in both environments to increase their view of the world. One potential explanation for this behavior is the limited OFOV of only 30 • in both conditions. Contrary to these works we want to investigate the effects of different OFOV sizes, while the user has an unconstrained view of the scene.

Effects of FOV restriction

Constraining the user's FOV has been shown to result in reduced performances in a variety of tasks related to spatial awareness, such as search [START_REF] Ens | Moving ahead with peephole pointing: Modelling object selection with head-worn display field of view limitations[END_REF][START_REF] Trepkowski | The effect of narrow field of view and information density on visual search performance in augmented reality[END_REF], inspection [START_REF] Ragan | Studying the effects of stereo, head tracking, and field of regard on a small-scale spatial judgment task[END_REF], navigation [START_REF] Toet | Effects of field of view on human locomotion[END_REF][START_REF] Barhorst-Cates | The effects of restricted peripheral field-of-view on spatial learning while navigating[END_REF][START_REF] Hassan | What is the minimum field of view required for efficient navigation[END_REF], driving and flying [START_REF] Costa | The role of peripheral vision in vertical road sign identification and discrimination[END_REF][START_REF] Covelli | Field of view effects on pilot performance in flight[END_REF], as well as retention of the explored environment [START_REF] Alfano | Restricting the field of view: Perceptual and performance effects[END_REF][START_REF] Jansen | Effects of locomotion and visual overview on spatial memory when interacting with wall displays[END_REF][START_REF] Lin | Effects of field of view on presence, enjoyment, memory, and simulator sickness in a virtual environment[END_REF].

However, as noted, by Lin et al. [START_REF] Lin | Effects of field of view on presence, enjoyment, memory, and simulator sickness in a virtual environment[END_REF], this is not universally the case. For example, in their study increasing the FOV beyond 100 • did not result in improved memorization of a space while driving. Supporting this observation, Knapp and Loomis [START_REF] Knapp | Limited field of view of head-mounted displays is not the cause of distance underestimation in virtual environments[END_REF] found that a smaller FOV did not significantly affect depth estimation, while Hassan et al. [START_REF] Hassan | What is the minimum field of view required for efficient navigation[END_REF] showed that small FOV angles could be sufficient to navigate a scene with high contrast. Ragan et al. [START_REF] Ragan | Effects of field of view and visual complexity on virtual reality training effectiveness for a visual scanning task[END_REF] found that a larger FOV significantly improved training results of a search task in VR, but did not result in a significant difference during assessment. Similarly, Kishishita et al. [START_REF] Kishishita | Analysing the effects of a wide field of view augmented reality display on search performance in divided attention tasks[END_REF] found that when two tasks (search and puzzle solving) compete for attention, a larger FOV did not lead to an improvement in search performance. These observations show that although generally a larger FOV results in improved performance, it ultimately depends on the task at hand.

Several techniques have been explored to reduce the aforementioned negative effects of the FOV restriction by the HMD housing. Some techniques mitigate it by incorporating LEDs and low-resolution displays to provide information about the occluded areas [START_REF] Qian | Restoring the awareness in the occluded visual field for optical see-through head-mounted displays[END_REF][START_REF] Hashemian | Investigating a sparse peripheral display in a head-mounted display for VR locomotion[END_REF][START_REF] Xiao | Augmenting the field-of-view of head-mounted displays with sparse peripheral displays[END_REF]. Others approached this as a view-management problem and indicate the existence of occluded objects via in-view or in-situ labeling [START_REF] Kishishita | Analysing the effects of a wide field of view augmented reality display on search performance in divided attention tasks[END_REF], or screen edge indicators [START_REF] Qian | Restoring the awareness in the occluded visual field for optical see-through head-mounted displays[END_REF][START_REF] Gruenefeld | Beyond halo and wedge: Visualizing out-of-view objects on head-mounted virtual and augmented reality devices[END_REF]. Both approaches have been shown to effectively assist users in maintaining awareness of objects occluded by the housing of the HMD, however indications with CG bear the benefit of being easily deployable on existing hardware, without need for customization.

Our motivation

Our review of related work showed that although many papers explored the effects of the FOV on user performance, these usually focused on reduction of the overall FOV, not only the augmentable portion of the FOV. If the user's view of the environment remains the same, their information of the scene layout is not affected by the OFOV. As such, users could memorize the information presented on the OFOV relative to the environment, reducing the benefits a larger OFOV. While different papers have considered the benefits of different parameters in AR and VR on memorizing locations, they did not investigate what effects a limitation of the OFOV would have on the results. As such, our goal is to determine if the intuitive assumption that a larger OFOV size leads to better memorization results truly holds.

Experiment

When this OFOV size changes, the available contents in AR that can be seen without moving the viewport also change. We hypothesized that the FOV will have no impact on memorizing a single location consecutively as we tend to focus on that location. This meant that the size of the OFOV would at best impact search performance. As such, we considered a task where the larger OFOV could present a benefit, such as circuitry work. Thus, we designed a spatial memory test viewed on an HMD where the OFOV size can be changed.

We considered the short-term performance of users when exposed to many and successive iterations of memory stimuli. Previous studies [START_REF] Caluya | Transferability of spatial maps: Augmented vs. virtual reality training[END_REF][START_REF] Gacem | Impact of motorized projection guidance on spatial memory[END_REF] showed that participants memorized more locations over multiple iterations of learning the locations. Furthermore, most studies mentioned in related work conducted memory tests immediately after and on the same location. We want to further explore the retention of memorized information through longer time (i.e., days after) and through relocation (i.e., training transfer to the real world) as knowledge gained in VR may not be fully applicable when transferring to a different environment [START_REF] Levac | Learning and transfer of complex motor skills in virtual reality: a perspective review[END_REF].

The primary instruction for the participants was to memorize the location of 15 target pairs shown during the memorization task and recall their location in the following short-term recall task. We chose 15 as the number of items based on preliminary tests, presenting a challenging task which helped us avoid a potential ceiling effect. Thus, we did not expect participants to memorize all items. The memorization and recall tasks were all conducted in the virtual environment. Participants performed the memorization and recall tasks with an immersive HMD, where we modify the view with a different OFOV size for each experiment phase (Fig. 2). We asked participants to take part in an additional transfer task conducted 2 days later on the physical counterpart of the virtual environment.

Hypotheses

When we designed the experiment, we had the following hypotheses about the impact of OFOV size would have on some aspects of efficient training: the speed of the training, subsequent mastery of the skill, the economy of trainees' motion, and the satisfaction of the trainees when using the training application.

H 1 : Smaller OFOV sizes will result in lower scores in recall and transfer tasks.

For H 1 , we compare the test scores between OFOV sizes. As experiments on spatial memory in VR involve training transfer to a different environment [START_REF] Pausch | Quantifying immersion in virtual reality[END_REF][START_REF] Ragan | The effects of higher levels of immersion on procedure memorization performance and implications for educational virtual environments[END_REF], we made a distinction between the repeated training within the same environment (HMD) and the transfer to the real world 2 days after. Thus, this hypothesis can be divided as follows.

H 1 A: Smaller OFOV sizes result in lower test scores in shortterm recall tasks.

As the trainees can view the training objects more fully on large OFOV sizes, they can view two target pairs simultaneously with ease. Furthermore, we hypothesize that trainees may be more prone to error and mislocate the missing targets when the view is truncated or discontinued when the OFOV sizes are smaller. In a similar argument, targets memorized in smaller OFOV sizes would have a weaker mapping of the target pairs because the trainees would only see them partially. Consequently, this weaker mapping would mean key information would be missing (e.g., forgetting at least one of the target pair's locations), which would negatively affect training transfer.

H 2 : Target pairs that are close to each other are better memorized, thus, scores coming from adjacent target pairs are higher than far target pairs.

Controlling the distance between the two targets contributes to the necessity of having a specific OFOV size. We hypothesize that small OFOVs may not be enough to completely view two Far targets conveniently without moving one's head. On the other hand, target pairs like Adjacent ones may register immediately making the memorization process faster. Thus, we suggest a secondary variable of Proximity between target pairs as an additional factor for investigation.

We assume the possibility of interaction between OFOV and Proximity. In particular, we hypothesize that the poorest recall performance would happen when participants attempt to memorize Far target pairs with the smallest OFOV size in the experiment, 30 Connected to the first hypothesis, we assume that there will be more difficulty in recalling target pairs that were presented in smaller OFOV sizes. In this context, however, this difficulty manifests in the longer time it takes for participants to come up with a final answer, regardless of the correctness of the answer.

H 4 : With smaller OFOV sizes, participants will perform slower and require more effort.

This experiment also looks into time and speed as a measure of performance. In this hypothesis, we would like to identify two particular segments of the experiment process: the memorization and recall task completion time during the training phases and the amount of head rotation when performing the memorization task.

For the memorization and recall task completion time we assumed that trainees would require more time when viewing smaller OFOV sizes to completely register the target pairs as visual stimuli. We also hypothesize that the speed at which participants rotate their head and shift their view to their left or to their right (i.e., y-axis rotation) would be higher for smaller OFOV sizes.

Experimental environment

We took motivation from previous studies on search and memorization. In particular, we utilize a curved wall layout, similar to the one used by Gao et al. [START_REF] Gao | Artificial landmarks to facilitate spatial learning and recalling for curved visual wall layout in virtual reality[END_REF]. The main benefit of the curved layout over the planar layout used by Gacem et al. [START_REF] Gacem | Impact of motorized projection guidance on spatial memory[END_REF] and Caluya et al. [START_REF] Caluya | Transferability of spatial maps: Augmented vs. virtual reality training[END_REF] is that the relative size of the target is not affected by its location on the surface, i.e., targets further away from the participants do not appear smaller than those right in front of them. While some studies showed that utilizing landmarks helps the memorization process [START_REF] Uddin | The effects of artificial landmarks on learning and performance in spatial-memory interfaces[END_REF] we used a simple grid layout to avoid biasing the results. While locomotion paired with a bigger visual overview of the environment may benefit spatial memory [START_REF] Jansen | Effects of locomotion and visual overview on spatial memory when interacting with wall displays[END_REF], we opted not to ask participants to walk around the environment to avoid motor memory from affecting the results. This also allowed us to exclude potential confounding factors from different OFOV sizes affecting how efficiently participants navigated the environment.

We built the curved wall from five panel boards that were equally spaced in a semi-circle around the user seated on a stationary chair (40 cm height). They appear as 3D models in the virtual world and actual panel boards in our transfer environment (Fig. 1d). Each panel board (166 cm x 94 cm) contains 6 rows x 4 columns of 16 cm x 16 cm square icons inside it, shown as two 4 × 3 grids, one at the top and one at the bottom separated by a thick black line that serves as a divider. Each square in the grid only has a black border and a white background.

We kept the environment minimal to allow participants to focus on the memorization task and to avoid memorable objects functioning as landmarks. This allowed us to closely replicate the virtual environment in the real world, but allow for some differences requiring users to apply their knowledge in a different environment. In the virtual environment the panels stand on a blue floor in front of a gray background. In its physical counterpart we use a green curtain and floor as the backdrop.

While our goal was to keep the two environments similar, we assisted participants in the virtual environment by indicating the target locations relative to their current view. This prevented the task from becoming a search task and helped participants to efficiently explore the virtual environment. We opted for the 3D wedge indicator described by Gruenefeld et al. [START_REF] Gruenefeld | Beyond halo and wedge: Visualizing out-of-view objects on head-mounted virtual and augmented reality devices[END_REF] (Fig. 1b,c). This technique does not require physical modifications of the HMD frame and has been shown to be effective in guiding users. The wedge is a triangle that has one of its corners at the target location and whose opposite side sticks into the OFOV. The wider the visible side of the triangle, the further the participant needs to rotate their head to bring the target into their view. The 3D wedge thus encoded not only the direction, but also the distance to the target making it easy for participants to find it. We rendered the wedge in the same color as the target it was pointing to. During training we showed the wedge for both targets, while only the wedge for the target shown to the participants was visible during the short-term recall tasks.

Experiment variables

The independent variable of this experiment is the OFOV with three levels (30 • , 70 • , 110 • ). We also defined the number of times we assessed participants for each level. We denote short-term recall tasks during training stage as R 1 -R 4 and the transfer task after 2 days as R T .

From our review of prior work we could not identify a commonly used set of FOV or OFOV sizes to evaluate its effects on performance. Usually, the maximum FOV size is determined by the used device, and any additional levels are spread between an arbitrarily set minimum and this upper threshold [START_REF] Arthur | Effects of field of view on performance with head-mounted displays[END_REF][START_REF] Trepkowski | The effect of narrow field of view and information density on visual search performance in augmented reality[END_REF][START_REF] Kishishita | Analysing the effects of a wide field of view augmented reality display on search performance in divided attention tasks[END_REF]. We used the HTC Vive, an immersive HMD capable of displaying up to 110 • diagonal FOV, which became the upper threshold of OFOV we could investigate. We selected a diagonal OFOV of 30 • , which is slightly smaller than the OFOV of the Microsoft HoloLens used by Caluya et al. [START_REF] Caluya | Transferability of spatial maps: Augmented vs. virtual reality training[END_REF], as the smallest FOV. Finally, we added an intermediate value of 70 • to observe the OFOV variable in three levels. The different OFOV sizes used for the experiment affect the appearance of virtual objects when they are positioned in the periphery (Fig. 1).

As an additional variable to consider, we included the Proximity of each target pair. We defined 3 categories of proximity according to the panels: Adjacent, Near, Far. An Adjacent pair of targets are located on the same panel or at immediately neighboring panels. The panels of Near targets have one panel in between them. Finally, the Far target pairs are on the extreme opposites of the setup, having two or three panels in between them. Since the vertical distance is limited (to at most 5 squares apart), we have randomized this distance for the targets. Nevertheless, each target pair in a Set has only one matching target pair in another Set in terms of the X-Y distance and proximity category.

We counterbalanced variables in our experiment, mainly with the three OFOV levels, using all order permutations. To avoid carry-over effects between different OFOV levels we defined three unique target Sets, consisting of 15 target pairs each. To ensure that all target Sets present a similar degree of difficulty we first defined a single Set that satisfied our Proximity requirements and mirrored it horizontally and vertically to generate the other two Sets, as shown in Fig. 3. For each Set we randomly assigned the color of the targets (i.e., red or green). We also made sure that the resulting Sets do not overlap. To avoid confusion between learning difficulties of a particular Set and the OFOV levels we counterbalanced the combinations of OFOV × Set.

The dependent variable that determines the training performance of the participant is the test score, measured as the number of successful trials during the recall and transfer tasks with a maximum score of 15. Aside from the score, we have also included the performance time of the participants in the analysis. We want to observe the duration of the training stage in terms of memorization task completion time, the recall times on all the recall tasks, as well as the overall training time for each OFOV level. As we restricted the movements of the participant to staying put in one location, we also gathered rotation data from the HMD to observe movement differences across all OFOV levels.

We evaluate the subjective workload of the system under different OFOVs with the NASA-TLX Questionnaire [START_REF] Hart | NASA-task load index (NASA-TLX); 20 years later[END_REF]and collected qualitative feedback about the participant's experience.

Experimental procedure

We recruited 18 participants from the Nara Institute of Science and Technology through an online announcement (5 female and 13 male, 24.78 ± 2.37 years of age). Based on a pre-experiment survey, only 5 participants used an HMD for the first time. While 13 out of the 18 participants reported the use of personal visual aids for daily use (e.g., contact lenses, eyeglasses), they did not experience any difficulty viewing the scenario in the VR HMD. While performing the experiment, these participants had normal or corrected-to-normal vision and reported no other visual impairments.

The experiment took place over the course of 7 days, as shown in Fig. 2. It comprised 3 phases spanning 3 days each. A new phase started immediately after the previous phase ended. Each phase featured a unique combination of OFOV × Set, so that each participant was exposed to each OFOV level and Set level only once, to prevent carry-over effects. The OFOV did not change during a phase.

On the first day, participants signed a consent form, and were informed about the experiment procedure, the task, and safety procedures if they experience dizziness or discomfort during the experiment. Finally, participants watched a video guide on how to use the application before proceeding to the beginning with the first phase of the experiment. Each phase included a tutorial stage in which participants familiarized themselves with the interface and the OFOV; a training stage in which participants had to memorize the location of the 15 target pairs in the assigned Set; and a retention stage that evaluated how well participants recalled the learned locations 2 days later. Participants used the HTC Vive controller to interact with the virtual environment that was replaced with a laser pointer for the physical counterpart.

Tutorial stage

The tutorial stage consisted of a single memorization task followed by a recall task. The memorization task required participants to learn the location of three target pairs, while the recall task required participants to recall the location of the learned locations. We explain the memorization and recall tasks in more detail for the training stage, below. During the tutorial stage, participants could finish the recall task only after correctly answering all three trials. The targets in the tutorial were the same for all OFOV levels and did not overlap with any of the Sets used during the training stage.

Training stage

The training stage consisted of four iterations of the memorization and recall tasks conducted on the same Set of 15 target pairs. Each target pair consisted of two targets, a red and a green square that appeared somewhere on virtual boards surrounding the user.

Memorization Task:

Participants initiated the memorization task by pressing onto the main button of the controller. During the memorization task participants were shown the target pairs in random order. Whenever participants confirmed that they memorized the location of the currently shown target pair by pressing on the main button of the controller the next target pair appeared. After participants were shown all 15 target pairs twice, the system automatically progressed to the recall task.

Recall Task:

The recall task evaluated how well participants memorized the location of the targets. For each target pair one of the targets was randomly selected and shown to the participants who had to recall the location of the missing target. Participants could select one of the squares on the boards by pointing at them with the controller. During the recall task a visible ray was cast from the controller that indicated to participants where they are pointing at. Participants confirmed their selection by pressing on the trigger of the controller. Each selection counted as a trial, which was judged as correct if participants selected the correct square on the boards. A visual indicator informed participants if they answered correctly or incorrectly. Participants had to confirm that they saw the feedback by clicking on the main button of the controller. The system then proceeded to the next target pair, which was selected randomly from those not yet evaluated. The recall task finished when participants completed a trial for each target pair of the Set. If necessary, the system automatically proceeded to the memorization task for the next iteration. The training program automatically logged the time, answers, and head movement throughout the experiment.

Retention stage

To judge how well participants could retain the learned information, the retention stage featured a transfer task 48 h after training phase completion. This transfer task was conducted on our physical setup that was in a different room. After participants were seated on the chair in the center of the boards, they were handed a laser pointer that they could use to point at the board, similar to the controller during the recall task. A researcher indicated the location of a target with a laser pointer and the participants were asked to indicate the location of its pair and to verbally confirm the location they point at. The researcher then noted down the selected location and indicated the location for the next target pair, selected in random order by a program. During this retention stage, the researcher recorded the time with a stopwatch. This was repeated until the researcher inquired about the location of all target pairs in the memorized Set. During the retention task participants received no feedback on their performance. After completing the retention task, Participants were asked to fill out a NASA-TLX Questionnaire, marking the completion of a phase.

After finishing phases 1 and 2, participants were directed to the room where the tutorial and training stages were conducted and proceeded with the next phase. If they completed all three phases, we asked them to take part in a short semi-structured interview where they could provide feedback on their experience and memorization techniques they might have used.

The experiment was approved by the institutional review board of the Anonymous University and took approximately 90 min on Days 1, 3, and 5 and less than 20 min on Day 7. Participants received a remuneration of JPY 2000 (equivalent to USD 18).

Results

We compare the objective and subjective performance with the different OFOV sizes during our experiment. We determine statistically significant differences using a threshold of 0.05 and apply Bonferroni correction for multiple comparisons.

Test scores according to task

We categorize the results of test scores into two: the training scores (considering R 1 -R 4 ) and the retention scores (considering scores from the last recall task in R 4 and the transfer task R T 2 days after). In total, participants answered 3240 trials for the short-term recall tasks, and 810 trials for the transfer tasks. The summary of the test score results are shown in Fig. 4. 

Recall test scores according to OFOV

Levene's test did not detect a significant difference between the levels of variance across the recall tasks (F (11,204) = 1.278, p ≈ 0.274 for R 1,2,3,4 ). However, a Shapiro-Wilk test showed that the results were not normally distributed p< 0.001. Thus we carried out a Friedman's test for all these observations with Bonferroni correction for the adjustment of p values.

Considering the training scores, we did not find any statistically significant difference among the OFOV sizes, however, there was a statistically significant difference for Task (R 1 vs. R 2 vs. R 3 vs. R 4 ) from the results of the Friedman's test, χ 2 (3) = 46.067, p < 0.001. A post-hoc test using Fisher's Least Significant Difference (LSD) showed that all tasks are significantly different from each other. However, a more conservative pairwise Wilcoxon signed-ranks tests showed no statistically significant difference between R 3 and R 4 . Furthermore, the scores in R 3 were higher than in R 2 , which were higher than in R 1 . In terms of the training scores, the results reject the hypothesis H 1 A.

Retention test scores according to OFOV

Levene's test did not detect a significant difference between the levels of variance across the retention tasks (F (5,102) = 2.116, p ≈ 0.069 for R 4,T ). Like the treatment for the recall test scores, we also carried out a Friedman's test with Bonferroni correction because the results were not normally distributed (Shapiro-Wilk:

p < 0.001).
For the retention task, a Friedman's test did not reveal a statistically significant difference between different OFOV s. Both the LSD and Wilcoxon tests (Z = -3.427, p < 0.001) showed that R 4 had a higher score than R T . In terms of the retention scores, the results reject the hypothesis H 1 B. Overall, the results reject the main hypothesis H 1 .

We wondered if the OFOV helped participants generally memorize the location, i.e., resulting in a higher number of nearmisses. We repeated our analysis classifying that all misses that lie on a 3 × 3 subgrid centered on the correct location as correct. Our data was once again not normally distributed and a Friedman's test did not reveal a statistically significant difference between the OFOV s.

Test scores according to proximity of target pairs

As the recall and transfer tasks have an equal number of Adjacent, Near, and Far targets, we considered further analysis with Proximity as an additional variable. Since the assumption of normality is violated, we used Friedman test for these test scores. To find possible interactions among OFOV, Task, and Proximity, we ran an Aligned Rank Transform (ART) procedure [START_REF] Wobbrock | The aligned rank transform for nonparametric factorial analyses using only ANOVA procedures[END_REF].

Taking the training scores into consideration, while there was no statistically significant difference in terms of OFOV, the results showed that Proximity had statistically significant difference (χ 2 (2) = 29.662, p < 0.001), as well as Task (χ 2 (3) = 46.067, p < 0.001). The results from ART showed that there was an interaction between OFOV and Proximity (p ≈ 0.043). After performing contrasts pairwise comparisons, results showed that the scores and OFOV at 30 Both Fisher's LSD and Wilcoxon signed-ranks test revealed that at p < 0.05, Adjacent targets had higher scores than Far targets, and the Adjacent targets had higher scores than Near targets. For Wilcoxon's test with continuity correction, scores from Adjacent target pairs were statistically significantly different than scores from Near (Z = -9.392, p < 0.001) and Far (Z = -8.347, p < 0.001) target pairs. Furthermore, Far versus Near target pairs had statistically significant difference (Z = -2.405, p ≈ 0.016.

In terms of retention, the results show a similar statistical significance on the main effects (Task and Proximity), but did not reveal any interactions among the variables. Using the Friedman test, Proximity (χ 2 (2) = 28.727, p < 0.001) and Task (χ 2 (1) = 18, p < 0.001) had statistically significant difference.

Fisher's LSD test revealed that in the retention scores, with p < 0.05, Adjacent targets had higher scores than Far targets, and the Adjacent targets had higher scores than Near targets. However, after performing a more conservative Wilcoxon's test, Far versus Near target pairs had no statistically significant difference. Scores from Adjacent target pairs were statistically significantly different than scores from Near (Z = -6.124, p < 0.001) and Far (Z = -5.545, p < 0.001) target pairs. We have specified that closer targets would have a higher recall rate. We have to qualify the support and rejection for H 2 . The results partially support our hypothesis as Adjacent targets yielded higher recall and retention among farther ones. But as Far targets had better scores on the short-term recall tasks than Near targets, the results do not fully support H 2 . The summary of the scores according to Proximity is shown on Fig. 5. 

Task completion times and head rotation

Our results for task completion times and head rotation did not violate the normality and sphericity assumptions. We thus analyzed them using an ANOVA with a post-hoc Tukey test.

A 2-way repeated measures ANOVA found no statistically significant difference between FOVs, and response times for the short-term recall tasks and the transfer task (Fig. 6). It also did not reveal an interaction effect between OFOV and Task. This result thus rejects our hypothesis H 3 .

A 2-way repeated measures ANOVA also found no statistically significant difference among memorization task completion times, whether by OFOV or by Task. This is also true when looking at the entire duration of one day of training.

We presented the distribution of head rotation data as a heatmap plot (Fig. 7). The top-down view of the experiment shows the relevant y-axis (up added) around which the participants' heads rotated. We can see that participants rotated towards the leftmost and rightmost panels more as the OFOV size got smaller. This indicates that they had to rotate their heads to complete the view of the target pairs, especially for the 30 • OFOV. On the other hand, the heatmap indicates that most of the time, the viewport of the HMD remained centered and participants did not rotate their head much in the 110 • OFOV since the larger OFOV size can show more objects. We compared the maximum deflection from looking straight forward using a Friedman's test as the values were not normally distributed. The results showed that the deflection angles were significantly different (χ 2 (2) = We also evaluated if participants overall rotated their head significantly more, in terms of overall rotation during the training and the average rotation velocity. We calculated the average rotation velocity by dividing the overall rotation by the duration of each session.

As the total amount of rotation did not violate the normality assumption, we evaluated it with repeated measures ANOVA that reported a statistically significant difference (F (2,34) = 3.447, p ≈ 0.04). A post-hoc Tukey test revealed that participants rotated less under 110 • than 30 • (p ≈ 0.027). As the average rotation velocity also did not violate the normality assumption, we performed a repeated measures ANOVA, reporting a statistically significant difference in terms of OFOV (F (2,34) = 4.597, p ≈ 0.017). A post-hoc Tukey test revealed that velocity values of 110 • were smaller than those of 30 • and 70 • , as both pairwise comparisons were statistically significant with adjusted p values of p ≈ 0.042 and p ≈ 0.017, respectively. The results thus only partially supported our hypothesis in H 4 . Showing that although the OFOV did not significantly affect the training time, participants exerted more effort rotating their view while viewing smaller OFOV sizes.

Preferences and evaluation from participants

After the experiment finished, we asked participants different aspects of the training beyond the link between OFOV and spatial memorization to get subjective feedback about how they approached the task. The intrinsic motivation of the participants vary. Three participants directly stated that they did not exert too much effort to get correct answers, guessing or skipping items they did not memorize. One participant directly expressed seriousness in getting all the answers correct. Half of the participants additionally expressed being overwhelmed about the number of items to memorize. Six participants also noted that memorization became easier as days progressed.

Since this was a task about memorizing spaces, it was important to ask their memorization techniques. Most participants answered that they relied on the 2D grid structure of the panels to memorize. Different participants had different ways of dividing the memorizing space. When we asked participants about memorization strategies, we found that they used a combination of similar approaches, which we classified into three. First, seven participants created a matrix/coordinate system for numerical associations of the locations of the targets. Eight participants broke down the panels into components or regions (e.g., gray line makes a top and bottom block, thus treating the space as 10 boards of 4 × 3 squares). Finally, nine participants imagined a target pair as part of a shape or a pattern.

We also asked participants to rate the cognitive load of the tasks for each day they performed in the user study, via a raw NASA-TLX questionnaire (Fig. 8). Using Friedman test, there was no statistically significant difference.

We wanted to know if participants noticed and relied on the wedge guides when they could not find target pairs. According to participants, they all noticed the wedge guides. We also asked participants on how reliant they were with the wedge guides on a scale of 1 (''I did not care") to 10 (''I was using it frequently''.), participants reported an average of 7.5.

Discussion

According to results of the experiment, we were not able to observe a statistically significant difference among the chosen size of the OFOV of the HMD.

The task takes into account how fast and accurately the participants were able to retrieve spatial information of a pair of locations in their surroundings. In this section, we match the objective results and participant reports with ideas in spatial memorization and perception that may have played a role in the study.

Test scores according to OFOV and task

We were not able to observe a statistically significant effect of the OFOV size on the scores of the spatial memorization test, whether in short-term recall tasks or the transfer task. As expected, the results also showed that after a few repetitions of training, the performance in the recall tasks improved, but not all of the memorized items are transferred onto the real world. To explain the results in different perspectives, we refer to two known processes about memory that differ in terms of the amount of physical and mental effort exerted: automatic and effortful [START_REF] Hasher | Automatic and effortful processes in memory[END_REF].

First, there is automatic registration of memory, based on visuospatial sketchpad idea from the working memory model [START_REF] Baddeley | Working memory[END_REF].

In our experiment, we assumed that this automatic memorization benefited from a large OFOV where participants could effortlessly see both target pairs, regardless of proximity of target pairs. However, the results did not reflect any statistically significant change among OFOV sizes. Participants reported that they could easily memorize the location of some targets, recalling them correctly in the first tests. These targets usually could be easily associated with features of the environment, e.g., close proximity to the edge. Here, the edge likely functioned as a landmark.

Second, adding intent to the process of memorizing spaces produces an effortful training, improving what is being registered automatically [START_REF] Ellis | Automatic and effortful processes in memory for spatial location[END_REF]. In the case of memory palaces [START_REF] Krokos | Virtual memory palaces: immersion aids recall[END_REF][START_REF] Legge | Building a memory palace in minutes: Equivalent memory performance using virtual versus conventional environments with the method of loci[END_REF], participants had to exert effort and change location to improve memorization, whether by locomotion physically or by scene movement virtually. This intent may also manifest as ''muscle memory", or associating memorizing a location with a specific motor movement, like the amount of necessary head rotation being linked to the distance between targets. Montello et al. [START_REF] Montello | Spatial memory of real environments, virtual environments, and maps[END_REF] explained the role of the body in the spatial memorization process. They highlighted how humans update knowledge of their locations based on perceived body speed and direction. If participants would rely on this muscle memory, this assumes that users exerted extra effort, which might be the reason we detected no significant difference among OFOV sizes according to the retention scores and their response times. Based on the results of the experiment, inducing effort through reducing OFOV may not be relevant to the performance.

The linking of perception of the training environment to actual performance still needs further clarification. On one hand, the participants have reported different techniques and approaches to their memorization process. On the other hand, the inherent motivation to actually memorize the sets were different for each participant. Some participants were very eager to get all of the answers correct in as few tries as possible, while others decided to skip hard to memorize items in favor of the ones that they have already memorized. While these techniques and motivations can somehow connect to the fact that ease of the memorization process can be aided with a certain OFOV size, it needs to be verified in future studies.

Finally, results showed that scores had a significant difference according to Task, not OFOV. Participants had more chance to immediately improve scores on short-term recall tests, as these happen as soon as the memorization task finishes. Hence, as expected, we observed a learning effect on the training stage, and a performance deterioration on the retention stage. As expected, the task was challenging, with participants correctly recalling only 9 of the 15 pairs in R 4 .

Test scores according to proximity of target pairs

Proximity of the targets also had a role in the memorization process. Looking at the results of all tests and the consistency of participants' observations after the whole study, correctlyanswered target pairs were closely linked with proximity: either the target pairs are close to each other that they fit the OFOV (which were confirmed to be the Adjacent target pairs), or they are on the extreme opposite ends of the whole layout (which were the Far target pairs). From these observations, we highlight the importance of spacing and grouping targets together.

The anticipation of objects in the periphery has been discussed by Ragan et al. [START_REF] Ragan | Effects of field of view and visual complexity on virtual reality training effectiveness for a visual scanning task[END_REF] as an affordance of a large FOV. Our results showed that for a large OFOV like 110 • , farther targets (Near and Far) produced similar outputs. This may indicate that at a certain threshold value of OFOV size, users may regard the periphery with the same level of anticipation. Furthermore, in the case of Near target pairs, these positions represent locations found near the immediate periphery of the overlay area when a person does not perform head rotations. This combination of a lack of head rotation, a shift away from the visual center, and an even restricted view brought about by small OFOV sizes may have contributed to the participants forgetting such pairs.

Task completion times and head rotation

As mentioned, some participants only focused on target pairs that they were sure they memorized. For items that they could not memorize, they either guessed or opted to skip by selecting a random location. On the other hand, those who had a strong intrinsic motivation to memorize everything and to have a perfect score, with an intention to answer carefully. Thus, response times during recall tasks have varied.

Furthermore, the distribution of the head rotations along the y-axis map well with the Proximity classification of the target pairs on the corresponding panel. The Adjacent target pairs are easily viewed with larger OFOV sizes because there was no truncation, while Far targets are more difficult to view in one frame when the OFOV sizes are smaller.

Looking at the distribution of rotations from the top-down view (Fig. 7) and the results of the rotation data analysis, the 110 • OFOV had the least rotation. This meant that most of the time, participants did not have to shift their attention somewhere else. Given that they had the maximum OFOV size at that moment, they could accommodate the greatest amount of visual information. The 30 • OFOV demonstrated the opposite, where participants had to rotate themselves to the left and the right more than the other two OFOV levels. This implies that participants had to exert more effort to visually inspect the scenario and locate the target pairs, aside from the actual memorization itself.

The statistically significant difference in the average velocity revealed that the physical performance of the task is affected by the OFOV. Although, the more appropriate observation was that with a large OFOV of 110 • , participants did not have to rotate much more than how they did with the other two OFOV sizes. Aside from this, given that the rotation amount and velocity values for 30 • and 70 • did not have a statistically significant difference, it would be interesting to investigate the threshold OFOV size where the rotation speed values would change significantly.

Preferences and evaluation from participants

The tendency to remember locations with respect to positions within the grid has been explored [START_REF] Leifert | The influence of grids on spatial and content memory[END_REF], citing the observation about a worse performance for content memory in the presence of grid lines. This supports our participants' claims of ignoring the content of the target pairs (the colors red or green) as the training sessions progressed.

In terms of the NASA-TLX scores, Friedman's ANOVA may have been too restrictive to produce statistically significant differences. However, the difference could potentially become significant with more participants. The high evaluation score and the overall awareness of the presence of the wedge guides indicate that these visualizations of off-screen virtual objects are beneficial for participants wearing OST-HMDs.

Visual characteristics of the training environment

When designing the experiment, the task and the environment were major considerations. To keep the results consistent, certain parameters have already been set in place.

The view of the training environment in the experiment that emulates the view of the person wearing an actual OST-HMD may play a role. Since the scene is a simulation of an AR environment, the view consists of the OFOV, where the virtual objects can be seen occluding the real world on the background, and the peripheral FOV where only the real world can be seen. In this scenario, the application still presents a constant view of the real world in its fullest extent, which does not always match the size of the OFOV. Most studies [START_REF] Alfano | Restricting the field of view: Perceptual and performance effects[END_REF][START_REF] Covelli | Field of view effects on pilot performance in flight[END_REF][START_REF] Knapp | Limited field of view of head-mounted displays is not the cause of distance underestimation in virtual environments[END_REF] limited the overall FOV, thus also limiting the view of the real world, leaving a blacked out space outside of the viewable area. However, this experiment only adjusted the OFOV. The availability of the peripheral FOV as source of visual information may have still kept a frame of reference for participants to use. Thus, regardless of the OFOV, participants still had access to crucial landmark information provided by the real world to mentally construct a spatial map.

Aside from the distinction between the overlay view and the real-world view mentioned earlier, saliency of the virtual objects against the environment is also important, as identifying such elements that are distinct from a regular perception of the environment would assist participants in their visual judgment of the scenario. Hassan et al. [START_REF] Hassan | What is the minimum field of view required for efficient navigation[END_REF] have made this distinction important by pairing up contrast levels with specific minimum FOV sizes to achieve an efficient navigation. Trepkowski et al. [START_REF] Trepkowski | The effect of narrow field of view and information density on visual search performance in augmented reality[END_REF] has also pointed out how information density, when linked closely to the small FOV sizes of HMDs, could affect search performance.

Given these studies, the environment went hand in hand with information on the display. The main idea behind using only the monochromatic background (i.e., black, white, gray) was to ensure that the rest of the colors can be designated as the colors of the training objects. In this user study, red and green were the target objects, while blue served as the laser pointer color during the training stages. Unlike the more detailed virtual environment [START_REF] Krokos | Virtual memory palaces: immersion aids recall[END_REF][START_REF] Legge | Building a memory palace in minutes: Equivalent memory performance using virtual versus conventional environments with the method of loci[END_REF], our work eliminated extraneous details which might be considered important virtual landmarks. Nevertheless, we would argue that our findings apply at least partially to more complicated environments. First, the individual boards could be considered as landmarks providing guidance to participants. Second, our results suggest that as long as a landmark is not visible at the same time as the augmentation, participants will not gain any benefit from a larger OFOV. Furthermore, increasing the distance between the target users have to memorize and the landmark will likely diminish the benefits of said landmark, suggesting that a small OFOV will provide a similar degree of association and learning outcomes.

This training environment with minimal color choices helped with minimizing the mental load of memorizing. Participants did not mind the actual positions of the colors, and instead focused on the spatial relationship. Furthermore, unlike studies on virtual memory palace applications, the stimuli for this experiment were strictly visual, without any additional complexities brought about by faces [START_REF] Krokos | Virtual memory palaces: immersion aids recall[END_REF] or imageability of words [START_REF] Legge | Building a memory palace in minutes: Equivalent memory performance using virtual versus conventional environments with the method of loci[END_REF].

Experiment limitations

Primarily, the maximum FOV of the VR device as a restriction also became the limitation of the experiment itself. Deploying the experiment in an HMD (whether as an immersive HMD or OST-HMD) that would accommodate OFOV sizes from very large (preferably as wide as the human vision) to small would be ideal. We also investigated only one spatial memorization task. There may be other tasks that require skill transfer, spatial or otherwise, for which OFOV size could play an important role.

The design of the environment is also something that should be noted. In real and actual work spaces, many environment changes happen, like lighting or potential distractions, and workers may move around instead of just sitting down. In our experiment we exposed participants to a transfer environment that slightly differed from the training one to simulate knowledge transfer to a different situation, i.e., we did not replicate the background or lighting of the transfer environment in VR. Although we would argue that this change did not have a significant impact on the results as the background was uniform and did not introduce additional noise that could distract participants, we cannot exclude the possibility that it could have had an unexpected effect. The impact of distractions and the replication quality should thus be explored in the future.

This experiment only featured a static scene for the training application, as participants experience the training in a stationary position. As the experiment restricted the movements to egocentric rotations and head movements, the relationship between OFOV and dynamic factors were not observed (e.g., the optic flow of the scene, potential visual interruptions, or extraneous visual stimuli). Allowing movement would be an interesting future work.

While we designed the experiment with less visual and semantic complexity to ease the memorization task, we still expect generalizability of the findings to real world contexts as we envision that participants would be able to use this application in the real world with a variety of contexts, and we demonstrated the training transfer of spatial maps from the virtual to the real world as well.

The experiment also presented a randomized recall test instead of a free recall or serial tests, as we have also presented the order of target pairs in a randomized manner during the training stages. While we may have eliminated order effects in the memorization process, a different procedure for assessment may yield different results and insights.

It is important to note that all our participants were young students in their mid-20s. As such, before our findings can be generalized they need to be verified with a different participant cohort, who may have different physical and mental conditions.

While we could not observe a significant effect of the OFOV on the number of pairs participants could memorize, or the cognitive load, we cannot exclude the possibility that the OFOV affected the participants' confidence when selecting a target. This aspect should be considered in future studies that explore the effects of OFOV.

Finally, intrinsic motivation to perform the training task can also be improved. If the goal of all participants is to perfect the score, they can equally pay importance and attention to all the objects they should memorize. Other dynamic interactions that would encourage the learning of content should be explored, rather than mere visual search or inspection of the targets in a stationary position.

Conclusions and future work

In sum, we presented an experiment that investigates the effects of the OFOV size in HMDs on task performance, particularly, on the skill of memorizing spatial maps. To provide a demonstrative example, this study focused on the spatial relationships between two virtual objects. The findings revealed that the large OFOV (110 • ) showed the least amount of head rotations, indicating an ergonomic advantage when performing repeated training. However, results suggest that the selection of OFOV sizes did not significantly contribute to any negative or positive task performance. Furthermore, it did not significantly affect any aspect of the memorization, from the correct responses, to the task efficiency indicated by the response time, to participants' preferences.

The post-experiment interviews revealed that the performance of the task is still influenced by many other factors like confidence or intrinsic motivation, and not directly by the perceptual issues due to limited OFOV. Thus, this experiment provides a counterpoint to the criticism that the OFOV size in OST-HMDs directly affects task performance. For companies and organizations that are deploying or would like to deploy AR-based modules to trainees, choosing an OST-HMD may not matter in terms of the actual task performance, but the ergonomic advantage of having a larger OFOV size should still be taken into consideration. It is also important to analyze what kind of memorization techniques the trainees are familiar with, so that a specific category of OFOV size accompanies such technique.

Even when previous work [START_REF] Trepkowski | The effect of narrow field of view and information density on visual search performance in augmented reality[END_REF][START_REF] Hassan | What is the minimum field of view required for efficient navigation[END_REF] have identified critical FOV angles for an efficient spatial task performance, they only accounted for minimum FOV angles with a certain visual aspect. In our experiment, we did not have this correspondence, as all our conditions have the same contrast levels or information density. For future work, our suggestion is to look at better FOV (or OFOV) size thresholds and critical points, or re-frame the experiment with a relevant visual aspect. Identifying the minimum OFOV size that will not affect spatial memorization will just be as important as identifying the starting large OFOV size where the performance will stay the same even if the OFOV size increases.

We also suggest exploring other training scenarios where OFOV size is crucial. This study defined the ''complete view'' as the appearance of two virtual objects (or possibly more) on the same view, which meant that the farther these objects are from each other, the less likely they can be accommodated by a narrow OFOV. It may be important to explore the consideration of ''complete view'' as large-scale virtual objects or information that is larger than the OFOV allows. In this context, it would also be important to verify our findings with a different participant cohort and modified experiment conditions, e.g., inclusion of landmarks, a task that requires participant engagement, or physical movement in the environment. Another interesting direction would be to explore if the combination of memorization techniques with a specific OFOV size is especially beneficial for users who have good or poor spatial ability or memorization skills.

Finally, as our experiment was a simulation of an OST-HMD, and visibility of the real world may affect the results it would be important to repeat our experiment on an OST-HMD capable of augmenting a large OFOV.
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 2 Fig. 2. Experiment procedure showing the order of events for one participant over the course of seven days. Each color on the Stage row represents a different phase of the experiment. Furthermore, the levels of OFOV are also different for every tutorial and training stage. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) H 1 B: Smaller OFOV sizes result in worse retention, leading to lower scores on the transfer task.In a similar argument, targets memorized in smaller OFOV sizes would have a weaker mapping of the target pairs because the trainees would only see them partially. Consequently, this weaker mapping would mean key information would be missing (e.g., forgetting at least one of the target pair's locations), which would negatively affect training transfer.H 2 : Target pairs that are close to each other are better memorized, thus, scores coming from adjacent target pairs are higher than far target pairs.Controlling the distance between the two targets contributes to the necessity of having a specific OFOV size. We hypothesize that small OFOVs may not be enough to completely view two Far targets conveniently without moving one's head. On the other hand, target pairs like Adjacent ones may register immediately making the memorization process faster. Thus, we suggest a secondary variable of Proximity between target pairs as an additional factor for investigation.We assume the possibility of interaction between OFOV and Proximity. In particular, we hypothesize that the poorest recall performance would happen when participants attempt to memorize Far target pairs with the smallest OFOV size in the experiment, 30 • . H 3 : Smaller OFOV sizes result in longer recall times when answering short-term recall tests and transfer tests.Connected to the first hypothesis, we assume that there will be more difficulty in recalling target pairs that were presented in smaller OFOV sizes. In this context, however, this difficulty manifests in the longer time it takes for participants to come up with a final answer, regardless of the correctness of the answer.H 4 : With smaller OFOV sizes, participants will perform slower and require more effort.This experiment also looks into time and speed as a measure of performance. In this hypothesis, we would like to identify two particular segments of the experiment process: the memorization and recall task completion time during the training phases and the amount of head rotation when performing the memorization task.For the memorization and recall task completion time we assumed that trainees would require more time when viewing smaller OFOV sizes to completely register the target pairs as visual stimuli. We also hypothesize that the speed at which participants rotate their head and shift their view to their left or to their right (i.e., y-axis rotation) would be higher for smaller OFOV sizes.

• . H 3 :

 3 Smaller OFOV sizes result in longer recall times when answering short-term recall tests and transfer tests.

Fig. 3 .

 3 Fig. 3. Diagram illustrating the distribution of target pairs in one Set. Each participant will memorize all three Sets, and view one Set with one OFOV level.

Fig. 4 .

 4 Fig. 4. Test scores according to OFOV size and Task. Each training score is significantly different from one another. The retention scores are also significantly different from each other. (*p < 0.05 ; Error bars represent standard error.)

Fig. 5 .

 5 Fig. 5. Test scores sorted according to Proximity. (Left) Training scores are significantly different from one another. The retention scores are also significantly different from each other as well. (Right) Scores sorted according to OFOV. (*p < 0.05 ; error bars represent standard error.)

  • and 70 • depended on the Proximity. Adjacent target pairs viewed at 70 • and Near target pairs viewed at 30 • produced better scores than their counterparts, Adjacent target pairs viewed at 30 • and Near target pairs viewed at 70 • , respectively (p ≈ 0.042). Furthermore, Near target pairs viewed at 30 • and Far target pairs viewed at 70 • produced better scores than their counterparts, Near target pairs viewed at 70 • and Far target pairs viewed at 30 • , respectively (p ≈ 0.021).

Fig. 6 .

 6 Fig. 6. Average response times while performing the answering tasks according to OFOV size and Task. Error bars represent standard error.

Fig. 7 .

 7 Fig. 7. Visualizing the head rotations from the top-down view for the three different levels of OFOV, with each level separated by the radius grid lines.

Fig. 8 .

 8 Fig. 8. Results from the raw NASA-TLX questionnaire. Error bars represent standard error.
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