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ABSTRACT 

 

Advancements in display technology made it easier for manufacturers to develop and sell 

high-resolution displays (HRDs) to consumers, and HRDs are frequently marketed as beneficial 

for graphically intense tasks. Therefore, it is important to understand the tasks and user 

populations that actually benefit from using HRDs. Evaluating display technology’s impact on 

user performance and perception largely focuses on three display scenarios: multi-monitors, 

pixel density, and large displays (greater than 34”). However, gaps exist in the body of literature.  

The purpose of this research was to investigate the impact of using HRDs on productivity 

and experience for different user populations using a mixed-methods approach. Data were 

collected and analyzed over three studies: (1) an online survey to identify commonly performed 

computer activities and the perceived benefits of using HRDs; (2) interviews of current HRD 

users from various user populations to explore the use cases, perceived advantages, and 

contributing factors of perceived benefits of using HRDs; and (3) an empirical study to compare 

the effects of display resolution on productivity and experience using representative tasks for two 

user populations: PC video gamers and digital creatives. 

 Results from Studies 1 and 2 suggested that improvements to graphics quality, efficiency, 

screen real estate, and experience contributed to the advantages of using HRDs. Additionally, 

these results also indicated that, to empirically compare productivity and experience differences, 

tasks should emphasize color quality, visual clarity, small detail visibility. Results from Study 3 

revealed few objective productivity improvements when using HRDs, except when searching 

realistic images. Participants were faster, more successful, more efficient, and less frustrated 

searching for small targets using high-resolution. However, subjective results demonstrated 

higher preference for HRDs due to better sharpness, contrast, readability, and overall impression. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

What is High-Resolution? 

Resolution, in terms of a display, refers to the number of pixels that make up the visual 

display on a TV or computer screen. Digital displays are made up of rows and columns of pixels. 

The common way to express the resolution of a display, refers to the number of rows and 

columns. For example, 1920×1080 indicates that the display is made up of 1920 columns and 

1080 rows of pixels. A pixel is a single point of an image in a visual display. Pixels were 

originally called picture elements, a term first introduced in 1927 by Wireless World magazine 

(Lyon, 2006). Pixels were not associated with the idea of picture elements until the late 1960’s in 

an article about digital photography processing (Billingsley, 1966; Lyon, 2006). In simplistic 

terms, pixels are the tiny building blocks that make up every detail of whatever is currently being 

displayed on a digital screen. In this way, pixels are similar to atoms in that atoms are the build 

blocks of everything.  

Each pixel is comprised of three small colored lights (red, green and blue), where each 

colored light can be increased or decreased in intensity to display the colors we see on screens. 

However, each pixel is only capable of showing a single color sample of the full image on a 

digital display. A pixel must sample information about an image being pushed to the display in 

order to identify how to changes it colored lights to approximate the color that was sampled. 

Pixels blend together in order to display to full image on screen. More pixels allow for a more 

accurate representation of the image trying to be displayed as a greater variation in color can be 

show.  
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4K UHD (ultra-high-definition) resolution is currently one of the newest and most 

popular trends in display technology. 4K UHD resolution offers a resolution of 3840×2160 

pixels. In comparison, 4K UHD resolution offers 4 times the number of pixels on screen than 

standard full-high-definition (FHD; 1920×1080) display and 2.25 times the number of pixels 

than quad-high-definition (QHD; 2560×1440) display, regardless of display size. Figure 1 

demonstrates the screen real estate differences between all three resolutions. 

  

 
Figure 1. Display resolution comparison between full-high-definition (FHD), 

quad-high-definition (QHD), and 4K ultra-high-definition (UHD). 

 

It is important to note that pixels are not a fixed size. Pixels have different heights and 

widths depending on the size of the display screen. For example, a display 24” display that has a 

resolution of 1920×1080 will have smaller pixels than a 42” display of the same resolution. In 

this example, the 42” display’s pixels have more screen cover, so they have to be larger. Since 

the pixels are larger, it is possible to discern the individual pixels more easily, making images 

appear more blurry or pixelated. For this reason, pixel density is important as it conveys more 

information about how the resolution of a display affects the quality of images. High-resolution 

displays offer higher a pixel density (pixels per inch; PPI) than lower resolution displays, which 
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increase image and text clarity, and improved screen real estate of equally-sized, and lower 

resolution displays (Simmons, 2017). 

How is More Pixel Density Beneficial? 

In addition to making graphics look sharper on screen, high-resolution displays allow 

users to view multiple windows simultaneously, while retaining legible detail in each window, 

reducing the frequency of window switching and increasing productivity (Bakar, 2017). 

Businesses, especially large corporations, are among the heaviest purchasers and users of 

computer monitors and are constantly trying to improve worker productivity, by even a fraction 

of a percent (Athow, 2016).  

Display technology has evolved rapidly making high-resolution displays much easier to 

produce, locate, and purchase. When it comes to activities performed by creative professionals 

(e.g., video editors, animators, graphic designers, artists, architects) as well as video game 

players, higher resolution displays are generally more preferred than lower resolution displays. 

Although high-resolution displays are advertised as useful for graphically intense activities (e.g., 

video or photo editing, digital illustration), it is important to understand the extent to which these 

and other tasks can benefit when using a high-resolution display, as well as to what extent 

different user populations benefit when using such displays. Understanding the user populations 

and activities that benefit from using a high-resolution display will aid marketing and sales teams 

to target the optimal users. Additionally, this information can be used as evidence by companies 

attempting to increase worker productivity. For example, if a certain user populations/profession 

or task can complete their work faster or more accurately by using a high-resolution display, a 

case can be made for high-resolution display application at work. If not, a case can be made to 

continue using full-high-definition display. Both purchases would save businesses money.  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

The sections that follow summarize common practices used to evaluate display 

technology’s impact on users’ productivity, performance, satisfaction, or overall perception. 

Research commonly focused on evaluating impact as a result of multi-monitor environments, 

pixel density, and large displays (displays greater than 34”).  

Multi-monitor Environments  

A substantial amount of research has been conducted examining how multi-monitor 

environments affect user productivity. One of the most important findings originated from 

Grudin’s (2001) field study interviews. Grudin interviewed computer users (67% used multiple 

monitors) whose monitor environments included: 15” to 21” dual or triple monitor setups, 

personal device assisstances connected to a computer, duplicated screens at different resolutions, 

two independent computers used side-by-side, and a single display that could bring in a second, 

virtual workspace, see Figure 2.  

 
Figure 2. Common multi-monitor setup taken from Grudin (2001, p. 460). 

 

Grudin (2001) research uncovered to several interesting findings. Grudin found that 

additional monitors were not treated as additional, continuous window space, but rather, 
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partitioned screen real estate, which served distinct functions. Typically, users employed one 

screen as their main screen to perform the primary task and additional screens as extra space for 

secondary windows and information. According to Grudin, the secondary windows served one of 

three (often overlapping) functions: information to support the primary task (e.g., code debug 

readouts, software toolbars), instant communication channels (e.g., news alerts, email), and 

personal resources (e.g., calendars, to-do lists).  

Consider, as an analogy, space in a house. People generally value large rooms, and they 

value more rooms. A one bedroom house with a large bedroom is not the same as a house 

with two moderately sized bedrooms. In the latter case, the second room is used for 

different purposes – perhaps as an office, a guest room, or both. One could use the master 

bedroom for these purposes, but doesn’t, even if it is twice as large. The wall makes a 

difference. (Grudin, 2001, p. 7). 

Additionally, Grudin (2001) observed that screen partitioning seemed to allow users to 

move through information faster, and with less effort. Grudin concluded that additional monitors 

were used to reduce cognitive load and speed up information location by eliminating repetitive 

key strokes (i.e., Alt-tabbing) and window minimizing/maximizing. This was especially valuable 

if users had an excessive number of open application windows. Overall, Grudin’s work indicated 

that users overwhelming prefer using multiple monitors. Many users spoke about their strong 

aversion to using single monitor setups in the future.  

Due to the increase in multi-monitor environments, Grudin (2001) thought it imperative 

to also examine how effectively software applications took advantage of additional screen real 

estate. Findings from Grudin’s study indicated that most software at that time, did not make 

effective use of multiple monitors. Users remarked that dialog boxes would sometimes open on a 
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periphery monitor and go unnoticed or that video games would not make use of empty screen 

real estate. This issue is still present in many of today’s software applications. Applications open 

on the screen where they were last used instead of opening on an empty desktop. However, 

newer operating systems (i.e., iOS, Windows 10) have made it easier to reposition windows to 

take advantage of empty space.  

Grudin (2001) employed a novel approach to this research domain by using a qualitative 

method rather than performing controlled experiments in a lab. This facilitated a more in-depth 

examination of user behavior and the productivity benefits of multi-monitor environments. 

However, Grudin’s research did not examine whether these findings were substantiated by 

objective performance measures.  

 Research by Hutchings, Smith, Meyers, Czerwinski, and Robertson (2004), on the other 

hand, explored only objective measures to understand the effects of multi-monitor usage on 

window management practices. Hutchings et al. collected users’ window management practices 

via a computing event activity logger, VibeLog, over a period of three weeks. Like Grudin 

(2001), window management activities were made on the users’ personal work or home 

computer, rather than a controlled lab computer. Hutchings et al. compared single monitor users, 

dual monitor users, and triple monitor users. Furthermore, noticing that the monitors were of 

different resolutions, Hutchings et al. divided the multi-monitor users into two resolution groups: 

less than 3 million pixels of screen real estate and 3 million pixels or more. 

Hutchings et al. (2004) took a more controlled approach and collected pre-determined 

window management activity using VibeLog. Window management activities included the 

frequency of opening and closing a window, showing and hiding a window, activating a window, 

alt-tabbing between windows, moving, sizing, minimizing, maximizing, and restoring a window. 
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Furthermore, by collecting event timestamps, window information (e.g., window’s ID, title, host 

application, coordinates, size state (i.e., maximized, minimized, or normal)), and input 

information (i.e., keyboard or mouse and window, taskbar, desktop, or alt+tab), Hutchings et al. 

assessed how each window was managed and if specific windows were managed differently than 

others (e.g., word processing versus. email). Using a similar data collection and analysis 

procedure later became the standard for subsequent research (Haskins, Patzer, et al., 2015b; 

Haskins, Patzer, Turner, Siu, Smith, et al., 2015; Owens et al., 2012). 

Results from Hutchings et al. (2004) suggest that, similar to Grudin (2001), multi-

monitor users had more effective window management practices than single monitor users. 

Results revealed that single-monitor users switched windows roughly twice as often as multi-

monitor users (the low-resolution group made the fewest total switches). Additionally, users 

switched windows differently depending on monitor count. Single-monitor users employed the 

task bar to switch windows, whereas multi-monitor users utilized window interactions (e.g., 

window minimizing and maximizing). Furthermore, multi-monitor users had more windows 

visible than single monitor users. Finally, Hutchings et al. found that single-monitor users 

occupied more screen real estate than multi-monitor users.  

Taken together, Hutchings’ et al. (2004) study supported findings from Grudin (2001), 

namely that users appeared more productive when using multiple monitors, especially compared 

to using a single monitor. Multi-monitor users require fewer window switches to locate 

information, could switch faster by repositioning, minimizing and maximining windows, and 

used less total screen real estate. Similar to Grudin, findings from Hutchings’ et al. were based 

on interactions with personal workstations as opposed to an unfamiliar setup in a lab, which 

increased the study’s overall generalizability and realism. However, unlike Grudin, this study did 
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not include any qualitative or subjective data regarding users’ perceptions of using single versus 

multiple monitors. Hutchings et al. did not follow-up with users after the session to learn the 

reasoning for their window management practices, or if the users felt more productive. All 

findings in this study were based on objective, software-driven observations.  

Unlike Grudin (2001) and Hutchings et al. (2004), most studies researching the effects of 

multi-monitor environments on productivity conduct research in controlled lab settings. This 

allows researchers to control extraneous variables (e.g., monitor brands, resolution settings, 

screen size, monitor count), while manipulating the variables of interest. Additionally, this 

allows researchers to develop and employ tasks to be performed by all users on all monitor 

configurations under evaluation.  

One such study was conducted by Colvin, Tobler, and Anderson (2004) investigating the 

productivity of multi-monitor environments, and if certain activities gained more productivity 

improvements over others. Using simulated office tasks, Colvin et al. evaluated five monitor 

configurations: single monitor, multiple monitors (dual and triple monitors), and multiple 

monitors assisted by multi-monitor management software (dual and triple monitors). The 

multiple-monitors conditions were divided into dual and triple monitors to identify the optimal 

number of multiple monitors. Colvin et al. developed three standard simulated office tasks used 

in all monitor conditions: a text editing task, a spreadsheet editing task, and a presentation 

editing task. Each task was designed such that participants had to use six different windows of 

information plus an additional window that provided location information. Subsequent research 

used similar task design (Haskins, Patzer, et al., 2015b; Haskins, Patzer, Turner, Siu, Smith, et 

al., 2015; Owens et al., 2012). Colvin et al. captured objective productivity data including, 

proportion of edits completed, edit accuracy, proportion of accurate edits, time per edit, and time 
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per accurate edit. Additionally, subjective ratings and qualitative data were also collected 

including, usability ratings (i.e., effectiveness, comfort, ease of learning, productivity, mistake 

recovery, task tracking, task focus, and ease of movement across sources), and user comments.  

Results from Colvin et al. (2004), supported the findings of Grudin (2001) and Hutchings 

et al. (2004): compared to a single monitor, productivity was significantly high when multiple 

monitors were used. Results of the study demonstrated that multiple monitors enabled users to 

complete individual edits and the overall task faster (6% and 7% improvement, respectively), 

and with better accuracy (33% fewer errors) and efficiency (16% faster production and 18% 

faster errorless production) than using a single screen. Additionally, users reported better 

usability with multiple monitors, citing improved effectiveness, comfort, learning ease, time to 

productivity, mistake recovery, task tracking, task focus, and ease of source movement. 

Interestingly, the objective and subjective were consistent for both the dual and triple monitors 

levels, indicating that two monitors were just as effective as three monitors.  

As businesses started to transition to flat-screen LCD, additional research was conducted 

to assess if productivity differences between single and multi-monitor environments were 

consistent with previous research. multi-monitor Kang and Stasko (2008) compared the 

productivity, cognitive load, current multi-monitor environment, and subjective impression of 

single versus dual monitor users when performing office and communication-related computing 

tasks. Similar to Colvin’s et al. (2004) task procedure, Kang and Stasko instructed users to plan a 

business trip using information from a variety of windows applications. The experimental task 

simulated task switching and multitasking often found in office work. In addition to planning a 

business trip, users responded to interruption tasks as they appeared (i.e., tasks independent from 

the main task meant to interrupt workflow). Users performed the tasks on two monitor conditions 
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(one condition at a time): a single 17” LCD monitor at 1024×768 resolution and dual 17” LCD 

monitors at 1024×768 resolution positioned side-by-side (see Figure 3). Kang and Stasko 

captured user-perceived task time, actual task time, subjective mental workload measured using 

the NASA-Task Load Index (NASA-TLX; Hart & Staveland, 1988), and subjective comparisons 

between the single and dual monitor conditions. Additionally, this study captured window 

management activity events using VibeLog (Hutchings et al., 2004). 

 

 
Figure 3. Example of Kang and Stasko’s (2008, p. 19) dual monitor setup. 

  

Findings from the Kang and Stasko (2008) provided additional support to the study of 

productivity improvements for multi-monitor environments. On average, users completed the 

business trip planning task 6.46% faster and reported lower subjective mental workload (46.81 

versus 50.99) when using multiple monitors compared to using a single monitor. The results also 

revealed that users were able to complete the task 27.64% faster and had lower subjective mental 

workload (44.09 versus 53.71) on their second monitor configuration, regardless of which 

monitor condition they used. Furthermore, users generally perceived using multiple monitors as 

much better than using a single monitor regarding usefulness, ease of use, timesaving ability, and 

overall impression. Interestingly, when users started with the multiple monitor condition first, 

they rated the timesaving of using multiple monitors as about the same as using a single monitor. 
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Kang and Stasko suspected this was due to an order effect, stating that the advantage of multiple 

monitors seemed to diminish as users became more familiar, and thus faster with the task the 

second time it was performed. 

 In addition to their overall analysis, Kang and Stasko (2008) also explored the data by 

considering which monitor condition the participants used on a regular basis (i.e., single-

monitor-only user or multi-monitor user). Overall, single-monitor-only users were able to 

complete the task 18.63% faster using multiple monitors compared to using a single monitor. 

Findings were similar when looking at subjective workload; single-monitor-only users reported 

lower workload when using multiple monitors compared to using a single monitor (40.42 verse. 

55.90). However, multi-monitor users were largely unaffected.  

 Regarding window management practices, Kang and Stasko (2008) reported similar 

window management findings as those in Grudin’s (2001) study: “participants used the multiple 

monitors not merely as increased screen space, but as two separate “rooms” where they allocated 

resources for different purposes” (p. 24). Additionally, Kang and Stasko found that users fell into 

one of two window switching categories: those that used alt-tab to move between windows 

(“alt+tabbers”) and those that moved and resized window (“move/resizers”). Based on this 

breakdown, results indicated that alt+tabbers and move/resizers completed the task faster when 

using multiple monitors before a single monitor (18.71% faster and 15.1% faster, respectively). 

Moreover, alt+tabbers rarely used the alt+tab function when using multiple monitors. 

Move/resizers had a reduction in moving and resizing windows frequency when using multiple 

monitors, which the authors suggested allowed move/resizers to coordinate multiple windows 

more quickly due to the increase in screen space. Finally, Kang and Stasko stated that alt+tabbers 

reported lower subjective mental workload than move/resizers when using multiple monitors 
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first (42.66 versus 55.94), but move/resizers reported lower subjective mental workload than 

alt+tabbers when using multiple monitors second (38.27 versus 41.92), which the author suggest 

was due to task unfamiliarity in their first condition.  

 With the exponential advancement of display technology and software, researchers have 

continued to explore how multi-monitor environments affect user productivity and performance. 

In some cases, semi-replication follow-up research is conducted to investigate how display 

technology and software improvements relate to previous findings. The following three studies 

are examples of such cases.  

Research by Owens et al. (2012), Haskins, Patzer, et al. (2015b), and Haskins, Patzer, 

Turner, Siu, Smith, et al. (2015) followed a similar approach to investigate the effects of multi-

monitor environments on office productivity using updated display technology and software. 

Haskins, Patzer, et al. (2015b), was a follow-up to Owens et al. (2012) to address improvements 

to display technology, Windows operating system (Win7), and software. Likewise, Haskins, 

Patzer, Turner, Siu, Smith, et al. (2015) was a follow up to Haskins, Patzer, et al. to address 

recent updates to the Windows operating system (Win10) and software applications. 

Furthermore, each study compared different monitor configurations and used slightly different 

task sets. 

Task procedures used in all three studies modeled Colvin et al. (2004), where each task 

consisted of eight windows from various Microsoft Windows software applications. 

Additionally, each study’s data and collection methods modeled Hutchings et al. (2004), which 

included time on task, task success, efficiency (time on task divided by task success) window 

and mouse events, and window information (sampled every 5 minutes) including window 

coordinates, maximized, floating, or minimized, and window handle. Finally, all three studies 
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also collected self-reported data and preference rankings of the configurations. Owens et al. 

collected subjective mental workload measured using the NASA-TLX, and Haskins, Patzer, et al. 

(2015b), and Haskins, Patzer, Turner, Siu, Smith, et al. (2015) collected satisfaction measured 

using a modified Computer System Usability Questionnaire (CSUQ) (Lewis, 1995).  

Owens’ et al. (2012) compared four different monitor configurations: a single 17” 

monitor, dual 17” monitors, a single 22” monitor and dual 22” monitors. At each monitor 

configuration, users had to work through one of four representative office tasks: creating a 

PowerPoint presentation, an office newsletter, a financial report, and a business-meeting packet 

of materials. Interestingly, results of Owens’ et al. study showed no difference for task efficiency 

across the four configurations. This finding contradicted previous findings, where users generally 

had faster task times using dual monitors (e.g., Colvin et al., 2004; Grudin, 2001; Hutchings et 

al., 2004; Kang & Stasko, 2008). 

Similar to previous research however, Owens et al. (2012) found that users switched 

windows 22.3% less frequently when using dual 22” monitors than when using a single monitor, 

regardless of size, facilitating less active time spent in the reference document. Researchers 

observed that users would leave the reference document open and visible when using dual 

monitors, to enable glancing while working without having to actively switch to this window. 

Additionally, users overall occupied 11.11% less total screen real estate when using dual 

monitors, especially with 22” dual monitors. In addition, users made 9.91% fewer mouse clicks 

per second when using dual monitors rather than a single monitor, and 17.29% fewer when using 

the dual 22” monitor rather than the single 17” monitor. Also, users tended to move the mouse 

34.23% faster when using dual 22” monitor than when using a single 17” monitor. Finally, users 

reported higher satisfaction when using dual monitors, where 98% of users ranked using dual 
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monitors as most preferred (dual 22” was more preferred than dual 17”) and 88% ranked the 

single 17” monitor configuration as the worst to use. Users reported higher subjective mental 

workload and lower satisfaction using the single 17” monitor, citing, feeling more rushed, 

working harder, higher frustration, increased task difficulty, and slow error recovery rate. 

However, users reported similar ratings of mental demand, physical demand, and perceived 

performance across all four monitor configurations. The authors suggested that some of the non-

significant results could have been due to large variability in the users’ performance or ability 

with the Office software. 

Examining performance and window management changes over time, Owens et al. 

(2012) found that users tended to consume more total screen real estate as they progressed 

further into a task. Additionally, Owens et al. found that users were more likely to maximize 

windows when using dual monitors, especially 17” dual monitors. The number of maximized 

windows on the single monitor configurations remained largely unchanged as user progressed 

through the tasks. Finally, users were less likely to have floating windows when using dual 

monitors or when using a single 17” monitor as they progressed further into a task.  

 Haskins, Patzer, et al. (2015b) followed-up Owens et al. (2012) by comparing 

performance using a single 24.1” UltraSharp monitor at 1920×1200 resolution to dual 24.1” 

UltraSharp monitors (at the same resolution) using new display technology, operating system, 

and software. Users were asked to recreate four typical office tasks, two using a single monitor 

condition and two using dual monitors. Tasks were adapted from Owens et al. (2012): recreating 

a business poster, an office newsletter, a project management spreadsheet, and a business-

meeting packet of materials. Similar to previous studies (Hutchings et al., 2004; Kang & Stasko, 

2008; Owens et al., 2012), Haskins, Patzer, et al. found that users switched windows 15% less 
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frequently, maximized windows 99.97% more often, occupied 5.95% less total screen real estate, 

and moved the mouser 25.51% faster when using dual monitors. Unlike Owens et al., Haskins, 

Patzer, et al. also found that users were 18.05% more efficient when using dual monitors, 

(calculated by dividing task time by task success; reflects how quickly and accurately user 

completed a task, see Owens et al. (2012) for a full description of this measure). Finally, users 

unanimously reported higher satisfaction and preference for dual monitors due to familiarity, 

reduced eye strain, faster error recovery, faster information location, and increased screen real 

estate. However, unlike Kang and Stasko, 2008 or Owens et al., Haskins, Patzer, et al. reported 

no differences for subjective mental workload. 

Due to the release of a new Windows operating system in 2015, changes in how windows 

behaved, and updates to Windows software, Haskins, Patzer, Turner, Siu, Smith, et al. (2015) 

conducted research to followed-up Haskins, Patzer, et al. (2015b). Haskins, Patzer, Turner, Siu, 

Smith, et al. asked users to recreate three typical office tasks using a 12.5” Dell Latitude E7250 

laptop at 1366×768, a 12.5”Dell Latitude E7250 laptop (at the same resolution) with external 

24.1” UltraSharp monitor, and dual external 24.1” UltraSharp monitors (at the same resolution), 

see Figure 4. Tasks were adapted from Owens et al. (2012): recreating an office newsletter, a 

financial report, and a business-meeting packet of materials.  

 

 
Figure 4. Demonstration of monitor configuration taken form Haskins, Patzer, Turner, Siu, 

Smith, et al. (2015, p. 1). 
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Overall, Haskins, Patzer, Turner, Siu, Smith, et al. (2015) found similar result to previous 

studies. Users made 19.5% fewer mouse clicks and page scrolls per second when using dual 

monitors. Furthermore, users minimized windows 75% more often and moved the mouse 

63.83% slower when using the small 12.5” laptop. However, users tended to maximize windows 

less often when using dual monitors, which contradicted findings from Hutchings et al. (2004), 

Kang and Stasko (2008), Owens et al. (2012), and Haskins, Patzer, et al. (2015b). This 

contradiction could be due to changes in screen size between the studies, as well as advances in 

display technology, computer operating system, and software. Additionally, similar to Owens et 

al. (2012), no differences in efficiency were identified. Overall, users reported higher satisfaction 

when using multiple monitors (either a laptop with an external monitor or dual monitors) due to 

increased usefulness, information location, text crispness and size, overall screen real estate, and 

less mental demand and frustration. Approximately 87.5% of users preferred using dual 

monitors, but the other 12.5% preferred using a laptop with an external monitor. The authors 

remarked that the overwhelming preference for dual monitors was due to their more common 

size (i.e., 24.1”) and side-by-size placement. 

Summary. Overall, results from studies that assessed multi-monitor environment 

generally suggested that multi-monitor environments increased user productivity and satisfaction 

and reduced overall mental workload. Results indicated that users partitioned screen space to 

increase productivity, where one screen served as the main screen for primary tasks and other 

screens served as peripheral screens for secondary tasks (Grudin, 2001; Kang & Stasko, 2008). 

Furthermore, multi-monitor users required fewer window switches to locate information, 

switched between windows faster by repositioning, minimizing and maximizing windows, used 

less overall screen real estate, and completed work faster and with fewer errors (Colvin et al., 
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2004; Haskins, Patzer, et al., 2015b; Haskins, Patzer, Turner, Siu, Smith, et al., 2015; Hutchings 

et al., 2004; Kang & Stasko, 2008; Owens et al., 2012). Finally, results from these studies 

indicated that users overwhelmingly preferred multi-monitor environments—rather than using a 

single monitor—citing low cognitive load and high satisfaction and usefulness, especially as 

advancements in display technology create a smaller footprint and offer more screen space 

(Colvin et al., 2004; Grudin, 2001; Haskins, Patzer, et al., 2015b; Haskins, Patzer, Turner, Siu, 

Smith, et al., 2015; Hutchings et al., 2004; Kang & Stasko, 2008; Owens et al., 2012).  

Monitor Size and Resolution  

 Another body of research has exploring the interaction between monitor size and 

resolution on user productivity and performance. Simmons (2001) performed a series of 

experiments comparing four monitors: Compaq 15”, 17” 19” and 21”, as well as a range of 

resolutions: 640×480 to 1600×1200. Two of Simmons experiments (experiments 1 and 3) 

focused solely on determining optimal display size, whereas another (experiment 2) focused on 

determining the preferred optimal resolution for each of the four monitor sizes.  

Simmons’ (2001) first experiment (monitor size) consisted of answering a packet of 

questions by locating information in Microsoft Word, Excel, a web browser, and a web 

encyclopedia. Additionally, users were asked to perform a simple multitasking task, which 

included only two software applications. This task was similar to Hutchings et al. (2004), Kang 

and Stasko (2008), Owens et al. (2012), Haskins Haskins, Patzer, Turner, Siu, Smith, et al. 

(2015), and Haskins, Patzer, et al. (2015b). Experiment two (resolution and monitor size) simply 

asked users to view web pages and a Word document containing graphics and text at different 

resolutions, then rank order their preferred resolution for each monitor size. Finally, their third 

experiment (monitor size with optimal resolution), a replication-with-corrections of their first 
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experiment (minor modifications to the representative tasks were made), ask users to complete 

the same Microsoft Word, Excel, and multitasking task from experiment one, as well as a new 

PowerPoint recreation task. For experiments one and three, researchers collected time to task 

completion, proportion of tasks attempted, task success, and monitor preference. For experiment 

two, preferred resolution rankings were collected. 

 Overall, research from Simmons (2001) resulted in similar trends found in multi-monitor 

environments research, namely that, more screen real estate increased user productivity and 

preference. Given that Simmons’ third experiment was a replication-with-corrections of 

experiment one, results from experiment one will not be discussed here again. Results from 

experiment two identified the optimal resolution for each monitor as 800×600 for the 15” and 

17” monitors (66.67 pixels per inch), 1024 x768 for the 19” monitor (67.37 pixels per inch), and 

1152×768 for the 21” monitor (68.57 pixels per inch). In other words, Simmons’ findings 

suggested that the preferred optimal resolution for any screen size, at this time, was a resolution 

that resulted in approximately 66–69 pixels per inch of screen real estate. Results from 

Simmons’ third experiment found that users completed the Excel task 18.86% faster when using 

the 19” and 21” monitors. Furthermore, users overwhelmingly preferred using 19” and 21” 

monitors rather than using 15” or 17” monitor sizes. Interestingly, user preferred the 19” monitor 

over the 21” monitor. Simmons’ stated this was due to the 21” monitor’s large and bulky 

exterior, which consumed too much desk space.  

 More recently, Haskins, Patzer, et al. (2015a) conducted a study to investigate the impact 

of monitor size and resolution on office productivity using current display technology and 

software versions. Haskins, Patzer, et al. compared six Dell monitors across two sizes (23.8” 

versus 27”) and three screen resolutions (1920×1080, 2560×1440, 3840×2160), Figure 5. 
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Additionally, Figure 5 illustrates the amount of information visible per window each monitor 

configuration could display simultaneously. Tasks included those found in Haskins et al. (2015b) 

plus two additional tasks from Owens et al. (2012): recreating a business poster, an office 

newsletter, a project management spreadsheet, a business-meeting packet of materials, a 

company presentation, and a financial report. Additionally, this study utilized similar 

productivity and subjective measures found in multi-monitor research, including task time, task 

success, efficiency, window switches, patterns of minimized, maximized, and floating windows, 

occupied screen real estate, mouse events, subjective mental workload, satisfaction, perceived 

text legibility, perceived eye strain, and monitor preference ranking (Haskins, Patzer, et al., 

2015b; Haskins, Patzer, Turner, Siu, Smith, et al., 2015; Owens et al., 2012).  

 

 
Figure 5. Demonstration of information visibility based on different monitor 

sizes and resolutions taken from Haskins et al. (2015a, p. 1). 

  

Overall, Haskins, Patzer, et al. (2015a) found that monitor resolution had a larger effect 

on productivity than monitor size and that no single resolution was superior to another. Results 

showed that users switched windows most when using the 23.8” monitor at 2560×1440 and 
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maximized windows most often when resolution was 1920×1080 and 2560×1440, regardless of 

monitor size. Finally, users clicked and scrolled the mouse most often when resolution was 

1920×1080 and moved the mouse fastest when resolution was 3840×2160, regardless of monitor 

size. No differences were found for efficiency, task time, or overall task success between any of 

the six monitor conditions.  

 Similar to productivity findings, Haskins, Patzer, et al. (2015a) found that monitor 

resolution had a larger effect on user preference than monitor size. Surprisingly, findings showed 

that users reported highest satisfaction when resolution was at 1920×1080 followed by 

2560×1440 resolution. Haskins, Patzer, et al. stated that low satisfaction with 3840×2160 

resolution was due to small text size, reduced text crispness, greater eye strain, poor information 

location and error recovery, and increased physical demand and frustration. It is important to 

note that this study was conducted prior to the release of the Win10 operating system. Win10 has 

advanced resolution text and graphic scalability, especially when setting monitor resolution to 

3840×2160. Using Win10 could have eliminated some of the usability issues noted by users. 

Shifting away from standard productivity studies, Bridgeman, Lennon, and Jackenthal 

(2003) explored the effects of screen size, resolution, and presentation delay on standardized test 

performance using college-bound high school juniors. This study compared three Compaq brand 

monitors: 15” at 640×480, 17” at 640×480, and 17” at 1024×768, and two test question 

presentation delays: zero or five-seconds. The six different monitor conditions were compared on 

differences in math and verbal scores, as well as subjective rating regarding performance 

compared to paper and pencil tests, fatigue, how much computer features interfered with test 

taking (i.e., mouse usage, font size, screen size, screen clarity, and scrolling), and overall 

comments.  
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 Results from Bridgeman et al. (2003) showed that students scored 6.46% better on math 

questions when the presentation delay between questions was five-seconds, regardless of monitor 

size or resolution. However, this was not the case for verbal scores. Students scored 7.75% better 

on verbal questions when using 1024×768 resolution, regardless of presentation delay or monitor 

size. The effect difference between the two test scores could be due to the importance of text for 

each type of question. Math relies more on a person’s ability to extract important information 

and resolve the numerical problem, where verbal relies more on reading, comprehending and, 

analyzing the actual text. Not surprisingly, the only feature that students claimed interfered with 

their test taking was scrolling, which was reported as a great interference by 18% of the students 

during the verbal portion when using the 15” monitor at 640×480. The author speculated this was 

because students rarely needed to scroll to read an entire passage on the 17” monitor at 

1024×768, whereas they would have to scroll more often on the 15” monitor at 640×480, 

especially on longer passages. More scrolling would consume more time and reduce the amount 

of time remaining to answer questions, ultimately effecting their overall score.  

Findings also showed that 44% of the students preferred the computer-based standardized 

test over an equivalent paper and pencil test, citing better perceived performance and reduced 

fatigue. When asked what they liked and disliked about taking the test on the monitor conditions, 

students liked seeing an entire question on a single screen, point-and-click response rather than 

filling in bubbles by hand, digital text, and an easy to see clock. Noted dislikes included 

excessive scrolling on the 15” monitor, slow question latency, and text size not appropriate for 

the monitor size and resolution. 

Summary. Overall, research exploring the effects of pixel density suggested that more 

screen space generally improved user productivity and performance. Results suggested that users 
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performed better and were faster at completing tasks when using, larger monitors with pixel 

densities around 66–69 pixels per inch of screen space (Bridgeman et al., 2003; Simmons, 2001). 

However, when exploring pixel density effects with new display technology, no objective 

productivity benefits were found, and users did not prefer the highest resolution monitor. Finally, 

results indicated that monitor resolution had a larger effect on user performance preference than 

monitor size (Haskins, Patzer, et al., 2015a) 

Large, High-Resolution Displays 

 One important distinction between this section and the two previous sections is that many 

of the research studies summarized in the previous sections examined the differences between 

monitors, whereas this section examined differences between displays and monitors. This 

distinction is made because of the nature of the display technology and its construction. In this 

paper, a monitor [noun] is a single, all in one display technology unit where the onscreen 

information comes from within the monitor and is displayed on a computer screen. On the other 

hand, display [noun] can refer to a series of monitors connected together, where each monitor 

screen only shows part of the overall onscreen information; a screen where information is 

projected from a separate (rear or front-facing) projecting-unit; or a television (Andrews, Endert, 

Yost, & North, 2011). In the context of this paper, these two terms are not used interchangeably; 

each refers to its specific construction and method of displaying onscreen information.  

One area that has received a lot of attention has been how large displays effect 

productivity. Research done by Czerwinski et al. (2003) was one of the earliest studies to 

investigate the productivity benefits of “very large displays”. Czerwinski et al. compared a 15” 

flat-panel display at 1024×768 to a wide-screen 42” display at 3072×768. Displays were 

compared using ten multitasking tasks, which consisted of eight subtasks. Data collected 
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included: informtion recall, task time, facilitator-observed and user-reported usability issues, 

satisfaction, and subjective comments. 

 Czerwinski et al. (2003) found that users gained productivity benefits when using the 42” 

display. Users had marginally better information recall and faster task complete times (9% faster) 

using the 42” display. Furthermore, users rated the 42” display as more satisfying than the 15” 

display; only one user preferred the 15” display. However, both the researchers and users noted 

some usability issues with the displays. For the 42” display, some users complained that the 

screen was too bright, that they needed to sit further back from the screen to interact with it, and 

that they lost the cursor too often.  

Klinke, Krieger, and Pickl (2014) also investigated the impact of screen size and 

resolution on work efficiency, specifically focusing on how large, high-resolution displays 

compared to smaller and lower-resolution displays. This study compared three different display 

configurations: 50” at 3840×2160, 25” at 1920×1080, and a 12” at 1024×768, see Figure 6. In 

order to account for display attribute confounds (e.g., color, brightness, fresh rate), Klinke et al. 

compared the three display configurations using a single display by “resizing a virtual machine 

on the entire screen and blacking out the rest of the screen” (p. 22). Users were instructed to 

complete a multi-source information combining task, a long-document list search task, and a 

color and shape matching task. Klinke et al. captured task completion time and error rate, as well 

as subjective mental workload measured using the raw NASA-TLX, satisfaction, preference 

ranking, perceived advantages and disadvantages for each display, and subjective comments.  
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Figure 6. Klinke et al. (2014, p. 22) three display pixel densities: (left) 1024×768, (middle) 1920×1080, and 

(right) 3840×2160. 

  

Overall, results from Klinke et al. (2014) partially supported previous findings: large, 

high-resolution displays resulted in improved user performance. Klinke et al. found that users 

were able to complete the information combining the color and shape matching tasks fastest 

when using the 50” at 3840×2160 display, but were slowest performing the list search task using 

the same display. The authors suggested this was due to users losing focus while scrolling 

through the long list on the 50” at 3840×2160 display. Additionally, users made fewer errors 

performing the information combining task when using the 50” at 3840×2160 display, however, 

they made the most errors performing the list search and color and shape matching tasks using 

the same display. Finally, users reported the lowest subjective mental workload and the highest 

satisfaction when using the 50” at 3840×2160 display, especially in regard to mental demand, 

effort, and frustration being significantly lower with the 50” at 3840×2160 display. 

 Klinke’s et al. (2014) qualitative assessment reported similar findings. Users generally 

liked using the 50” at 3840×2160 display due to its ample screen real estate and low window 

switch rate. However, a small number of users noted issues with the 50” at 3840×2160 display 

citing unfamiliarity of the size, loss of focus, feeling too close to the screen, and lack of privacy. 

Interestingly, only 33% of the users preferred using the 50” at 3840×2160 display for daily work. 

The remaining 67% preferred the 25” at 1920×1080 display. This finding was most likely due to 

the issues mentioned above, namely that the 25” at 1920×1080 display was a more common size 

and resolution.  
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 Taking a unique, approach, Bi and Balakrishnan (2009) conducted a study to assess how 

a user might use a large, high-resolution display and how that behavior compared to using single 

or dual monitors for routine work. Bi and Balakrishnan compared a 17 foot display at 

6144×2304 display (see Figure 7) to a user’s personal monitor setup, i.e., either a single or dual 

monitor setup (17–21” and 18–21” respectively). This study was unique in that rather than 

conduct a single-exposure laboratory experiment, Bi and Balakrishnan used a diary study 

approach. Users were instructed to perform their routine work during the private, in-lab, diary 

sessions and required to switch exclusively to the large display as their only daily computer for a 

total of five consecutive days for five hours per day. Users were asked to log a diary entry every 

half hour describing the activities of that half hour, their distance away from the screen, 

perceived benefits and hindrances of performing those activities on the large display, and if the 

display ranked “better, worse, or equal to” their personal monitor setup. Additionally, Bi and 

Balakrishnan conducted daily interviews with each user at the end of their workday, as well as a 

final exit interview at the end of their five days. Finally, window management practices were 

captured, using VibeLog (Hutchings et al., 2004), along with mouse and key events. The same 

procedure was performed on a user’s personal monitor setup prior to using the large display.  

 
               Figure 7. Bi and Balakrishnan's (2009, p. 1005) large, high-resolution display. 
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Results from Bi and Balakrishnan’s (2009) study highlighted several key benefits to 

using large, high-resolution displays for work. Bi and Balakrishnan found that the vast amount of 

screen real estate facilitated multitasking work by permitting concurrent multiple window 

display with minimal overlap. In general, the center part of the screen was the “focal region”, 

and the remaining real estate was the “peripheral region” (Grudin, 2001; Kang & Stasko, 2008). 

Second, the large, high-resolution display enabled users to easily read and interact with 

information-rich windows without excessive scrolling. Third, the large, high-resolution display 

improved users’ awareness of secondary applications (e.g., email, calendar, to-do lists) by 

eliminating the need to hide or minimize such applications. Fourth, due to the size of the display, 

users felt more immersed in their work, which allowed them to maintain better focus, especially 

with more cognitively-demanding tasks (e.g., coding or proof-reading). Overall, users 

overwhelming preferred using the large, high-resolution display compared to their personal 

monitor setup for these reasons.  

Noah, Li, and Rothrock (2017) conducted a study to investigate how screen size and 

information layout effected user performance and productivity in a process control/information 

monitoring environment. Specifically, Noah et al. were interested in comparing a large, high-

resolution display to the standard display configuration found in such environments. Noah et al. 

compared a 55” 4K TV to a six-tiled, standard monitor layout, see Figure 8. Users were tasked 

with monitoring and discharging tanks (to prevent overflowing) in a simulated tank farm, and to 

continuously log the tank levels. The first task required users to navigate through/to several 

onscreen displays and initiate tank management actions. The second task served to increase the 

overall mental workload of the experiment. Noah et al. collected a variety of productivity and 

performance measures, including count of discharged tanks, percent capacity of each tank at time 
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of discharge, tank log count, overall performance on tank monitoring and logging, system 

interaction times, and situation awareness using the SPAM technique (Durso, Dattel, Banbury, & 

Tremblay, 2004). Additionally, Noah et al. collected subjective mental workload measured using 

the NASA-TLX, subjective situation awareness, usability/satisfaction measured using the 

System Usability Scale (SUS) (Brooke, 1996) and display comparisons.  

 

 
                                  Figure 8. Noah et al. (2017, p. 349) display layouts. 

  

Based on both the productivity and subject results, Noah et al. (2017) found little to no 

significant differences exist between using the 55” 4K TV display and the standard six-tile 

display. Although these results seem to contradict previous research regarding the benefits of 

using large, high-resolution displays, the authors suggested that these findings bode well for this 

industry. Noah et al. sought to provide evidence that using new technology, in this case a large 

4K display, would not adversely affect basic performance metrics in process control 

environments. The combined time of detecting a filling tank and navigating to the discharging 

screen was the only objective metric found to be significant and in favor of the 55” 4K TV 

display. Noah et al. speculate that information layout on the 55” 4K TV display enabled either 

better detection or faster navigation not present on the six-tile display (they were unable to 

distinguish which was improved). This finding was in line with other research as well, such as 

Ball and North (2005) regarding detection and Ni, Bowman, and Chen (2006), Bi and 

Balakrishnan (2009), Yang, Chung, North, and Fox (2010) regarding navigation.    
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 Ball and North (2005) noted that most research has concluded that increased screen real 

estate improves user productivity, however it was unknown if, and to what degree, increased 

screen real estate was beneficial to visualizations. Based on this, Ball and North conducted a 

study to explore the effects of large, high-resolution displays on basic visualization and 

navigation tasks, rather than representative office tasks. This study compared three display 

conditions: single 17” monitor at 1280×1024, four tiled 17” monitors at 1280×1024, and nine 

titled 17” monitors at 1280×1024 (see Figure 9), as well as onscreen target sizes (small, medium, 

and large) and task type (target location and target matching). Users were instructed to locate a 

single target amongst distractors or to find a matching pair of targets amongst distractors. Users 

could use the image pan+zoom function, if needed. All three variables were evaluated based on 

time to find the indicated target(s) and facilitator observations.  

 

 
Figure 9. Large, high-resolution display condition used in Ball and North (2005, p. 1196). 

 

Findings from Ball and North (2005) did not give a definitive answer to whether a 

particular monitor size was better overall than another. However, findings did demonstrate that 

when presented with small onscreen targets on a nine-tiled display, users were faster at locating a 

single target among distractors than when using the single monitor. Likewise, when performing 
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the more complex task of matching onscreen targets (small or medium seized targets), users were 

also fastest when using the nine-tiled display, followed by four-tiled display. Additionally, Ball 

and North comment that performance using four-tiled display was always equal to or better than 

when using a single monitor. This particular observation suggested that improved performance 

could be achieved with only a 4x increase in screen real estate, rather than the full 9× increase.  

In addition to comparing completion time, Ball and North (2005) also analyzed facilitator 

observations of the experimental sessions. The authors observed that users seemed to prefer the 

“physical navigation” (physically moving the body to view part of the display) afforded by the 

nine-tiled displays rather than panning and zooming. Moreover, Ball and North observed that the 

increased screen real estate coupled with using “physical navigation” reduced navigation 

repetition and increased target-reporting confidence. Finally, users seemed to prefer looking at 

the big picture to find information rather than zooming in because it was easier to keep track of 

information.  

 Similarly, Ni, Bowman, et al. (2006) investigated how display size and resolution affect 

navigation and wayfinding performance in information-rich virtual environments (i.e., virtual 

multi-room art museum). Ni et al. compared two display resolutions: 1280×720 and 2560×1440, 

as well as two sizes: 18.8” and 48”, for a total of three display comparisons (i.e., baseline versus 

large, low-resolution versus large, high-resolution). The 18.8” display condition used a IBM 

T221 LCD flat panel monitor, whereas the 48” display at 1280×720 used a rear-projected screen 

and the 48” display at 2560×1440 used a 2×2 VisBlocks reconfigurable tiled high-resolution 

display module, see Figure 10. Users completed four tasks types (abstract-abstract, perceptual-

abstract, perceptual-perceptual-abstract and, abstract-perceptual-abstract) all of which had users 

navigate to target room(s), then search and comparison perceptual and abstract information, with 
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or without a wayfinding aid. Comparative measures included: completion time, navigation 

difficulty, legibility of text, reliance on wayfinding aid, screen real estate usage, and subjective 

comments.  

 
Figure 10. Ni, Bowman, & Chen’s (2006, p. 139) display conditions: (left) low-and high-resolution 

18.8" condition, (middle) low-resolution 48" condition, and (right) high-resolution 48" condition. 
  

Overall, findings from Ni, Bowman, et al. (2006) demonstrated that users were faster at 

navigating through an information-rich virtual environment and locating the desired information 

using a 48” display at 2560×1440 and slowest using a 18.8” monitor . Additionally, adding a 

wayfinding aid improved task completion time across all four display conditions compared to no 

wayfinding aid. When looking at the subjective ratings of task difficulty and usefulness of the 

wayfinding aid, Ni et al. found that users perceived navigation more difficulty on the 18.8” 

monitor and as a result become more reliant on the wayfinding aid. Furthermore, users reported 

text legibility best using a 48” display at 2560×1440, and poor text legibility when a display was 

at 1280×720, regardless of size. Finally, similar to findings from Ball and North (2005), users 

tended to engage more in physical navigation when using the 48” displays, regardless of 

resolution.  

 Previous research has suggested that large, high-resolution displays are valuable for 

complex information work tasks. Given that researchers often have to read long scholarly 

articles, a complex information work task, Yang et al. (2010) examined content comprehension 

and the user experience of reading a long document using a large, high-resolution display. Yang 
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et al. compared the content comprehension and user experience of interacting with and reading a 

70-page thesis using three reading settings: the Gigapixel display (large, high-resolution display 

comprised of 50 tiled displays), a large, physical table, and a single monitor, see Figure 11. Users 

were instructed to write a short summary of the thesis after 30 minutes of exposure to the 

document. Users were also asked to answer six questions regarding the thesis. Yang et al. 

collected summary completion time and summary and question accuracy. Yang et al. also 

collected user experience information using questionnaires and a short, semi-structed interview.  

 

 
Figure 11. Reading setting taken from Yang, Chung, North, and Fox (2010, p. 6) demonstrating reading a thesis 

using (a–b) Gigapixel, (c) a large table, and (d) a single monitor.  

  

Similar to Klinke et al. (2014), results of this study added partial support to the theory 

that large, high-resolution displays improve user productivity and performance. Yang et al. 

(2010) found that fundamentally, using the Gigapixel display produced faster information 

location and summary times, as well as better summary and question accuracy compared to the 

single monitor condition. Unfortunately, the differences between the three reading settings were 

not significantly different. The authors speculated this could be due to the small sample size 

used. Furthermore, users felt the Gigapixel display was more efficient and effective than the 

single monitor. However, much like before, Yang et al. were unable to find significant 

differences between the three reading settings. Interestingly, using the Gigapixel display 
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generally produced similar performance and subjective ratings to reading the thesis on a large, 

physical table.  

 Analyzing the qualitative and observation data, Yang et al. (2010) found four common 

behaviors when using the three reading settings. Similar to previous research (Ball & North, 

2005; Ni, Bowman, et al., 2006), users tended to engage in physical navigation when using the 

Gigapixel display. Second, Yang et al. found that users were able to navigation the long thesis 

easier and faster when using the Gigapixel display. Third, the Gigapixel display and large, 

physical table afforded customized organization of the paper components. Finally, the Gigapixel 

display and large, physical table afforded easy side-by-side comparisons of tables and figures. 

 Rajabiyazdi, Walny, Mah, Brosz, and Carpendale (2015) also investigated the 

productivity benefits when using large, high-resolution displays for research, however, using a 

more flexible approach, rather than the controlled approach taken by Yang et al. (2010). 

Rajabiyazdi’s et al. research focused on working with big data and “naturally arising usage and 

application [of large, high-resolution displays] in an open, academic setting” (p. 108). Users in 

Rajabiyazdi’s et al. study used a 17.33’ projection display at 9600×3600, see Figure 12. 

Furthermore, Rajabiyazdi et al. specifically targeted big data university faculty and graduate 

students from different disciplines to identify if productivity benefits differed between the 

disciplines. Disciplines included: “Bio-inspired Design, Computer Graphics, Digital Humanities, 

Ecology Maps GIS, Environmental Design, Environmental Psychology, Landscape 

Visualization, Medieval & Renaissance Literature and Art, Medieval Manuscripts, Multi-

resolution Data Visualization, Photography Design, Radiology/Psychology, Sociology, and 

Virtual Reality & 3D Imaging Architecture Planning” (p.109). 
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Figure 12. Rajabiyazdi et al. (2015, p. 109) 34.5-million-pixel, wall-sized display. 

 

In order to achieve a more naturalistic feel, Rajabiyazdi et al. (2015) had users bring in 

their own material and use 17.33’ display for a period of time. This practice was similar to the 

approach taken by Bi and Balakrishnan (2009). After using the 17.33’ display, Rajabiyazdi et al. 

observed their users’ behavior and conducted semi-structured interviews collecting information 

about a user’s data, how they worked with the data, experience of working with their data on the 

17.33’ display, and future possibilities of the 17.33’ display. Unlike most other studies discussed, 

data from this study was analyzed using qualitative methods, namely iterative affinity diagrams 

and thematic analysis. 

Rajabiyazdi et al. (2015) were able to conclude that a variety of disciplines benefited 

from using a 17.33’ display. Based on their analysis, they identified 12 interaction activities 

mainly performed by their users, which they grouped to form four interaction activity categories. 

The large categories and individual activities identified were: immersive observation (spatially 

immersive observation, temporally immersive observation, and double immersion or 

internalizing data), observation strategies (find common source, examine traces, compare details, 

and assemble and organize), collaboration (share with groups and verification among experts), 

and education (understand patterns and unfamiliar data, explain work processes, and make 

experiences accessible).  
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Immersive observations represented macro data observations, and related to spatial and 

temporal factors (e.g., immersive display, flexibility of data layout, long-duration use) (Bi & 

Balakrishnan, 2009). On the other hand, observation strategies referred to strategies to observe 

and explore data on a micro level (e.g., zooming in, locating faint or small details, data 

comparisons). Collaboration referred to the ability for a group of individuals to collectively 

examine the same data set afforded by the size of the display. Education related to teaching 

others about familiar and unfamiliar data and analysis processes on a large scale not possible in 

conventional classrooms. Perhaps the most interesting result from this study was that several 

users stated they gained new insight and made publishable discoveries regarding their data due to 

using the 17.33’ display. Rajabiyazdi et al. noted this was because users could explore their data 

on a much larger screen as opposed to using their smaller monitor, and because the data was 

viewed at a much higher resolution.  

 Similar to the research work conducted by Yang et al. (2010) and Rajabiyazdi et al. 

(2015), Reda, Johnson, Papka, and Leigh (2015) also investigated the benefits of using large, 

high-resolution displays in the research environment. Specifically, Reda et al. explored how 

display size and resolution effected user behavior and discovery of insights about data in “multi-

view” visualizations using the CAVE2 display environment (Reda et al., 2013) . Rather than use 

the entire 18-column, 4-row, tiled display environment, Reda et al. used a small portion (3-

column, 4-row at 4098×3072 resolution) and a large portion (13-column, 4-row at 17758×3072 

resolution) as the display conditions, see Figure 13. Users were instructed to explore supplied 

data however they desired and answer questions from a provided list or answer questions user-

developed questions. Reda et al. compared the two display conditions using exploration time, 

observation count, observation rate, hypotheses count, hypotheses rate, the breadth of discovered 
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insights (i.e., complex and broad to simple and narrow insights), and observed interaction 

behaviors.  

 

 
Figure 13. Small (left) and large (right) CAVE2 display conditions taken from Reda et al., 2015 p. 2762).  

  

 Reda et al. (2015) found that users spent more time exploring the data when using the 13-

column display. Furthermore, when using the 13-column display, users tended to make more 

observations, make observations at slightly higher rates, and generated more complex and broad 

observations and hypotheses about the data. Based on observations of the users, Reda et al. found 

that when using the 13-column display, users rearranged the data layouts less frequently due to 

the increased space. (This finding was similar in nature to the findings of reduced window switch 

rates and frequencies found in other studies.), Additionally, Reda et al. found that users tended to 

transition faster between forming exploration goals to formulating hypotheses about the data, and 

remain in these states more. The authors speculated that these findings were due to deliberate 

exploration goals afforded by the increased screen real estate of the 13-column display and that 

users were more engaged with the data. A finding reflected in other studies as well (Ball & 

North, 2005; Ni, Bowman, et al., 2006; Yang et al., 2010). 

Summary. Overall, results showed that using large, high-resolution displays provided 

several benefits to productivity and performance. Large, high-resolution displays afforded faster 

and easier navigation to and through information, faster task completion times, fewer errors, 

especially when multitasking, easier to read window information, improved awareness of 
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secondary applications, and less frequent need to zoom rearrange windows, or scroll. 

Additionally, the large surface area enabled users to spread out information, which lead to 

increased task focus and immersion, as well as generating more complex “big picture” 

observations and hypotheses (Ball & North, 2005; Bi & Balakrishnan, 2009; Czerwinski et al., 

2003; Klinke et al., 2014; Ni, Bowman, et al., 2006; Noah et al., 2017; Reda et al., 2015; Yang et 

al., 2010). Additionally, users tended to use physical navigation (i.e., using their body to navigate 

the screen) to explore and interact with windows, rather than pan and zoom (Ball & North, 2005; 

Ni, Bowman, et al., 2006; Yang et al., 2010). Finally, large, high-resolution displays enabled 

new and immersive ways to explore and share big data, which lead to new insights and 

publishable discoveries (Rajabiyazdi et al., 2015). 

High-Resolution and Human Vision Perception 

Understanding the relationship between display technology and human vision perception 

is helpful to understanding how high-resolution monitors will affect user productivity and 

performance for different tasks. According to Wang and Langer (1997) several human vision 

perception factors can affect user performance when viewing information on a display, 

including, monitor spatial and contrast resolution, brightness, luminance, luminance range, 

uniformity, field of view, signal-to-noise ratio of, image motion and flickering, and superfluous 

environmental light.  

Based on these factors, Wang and Langer (1997) recommended using multiple monitors 

with high spatial resolution (approximately 2K resolution, or pixels 1 mm wide viewed at a 

distance of 25 cm) and high, uniform luminance (3,500 to 6,000 cd/m2) to facilitate the best 

match between display technology and the limitations of human vision perception. Support for 

this recommendation exists in the display technology literature (see multi-monitor environments 
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discussion). Additionally, Wang and Langer recommended large monitors (approximately 36–

54° field of view, depending on the viewers distance from the monitor) and removing 

superfluous light from the environment, i.e., glare.  

Although the limitations of human vision perception have remained consistent in the 20 

years since Wang and Langer’s (1997) review, display technology have advanced tremendously. 

More recently, it has been stated that 6.5 million pixels are perceivable to the human eye 

(Andrews et al., 2011), which is slightly fewer total pixels than a 4K ultra-high-definition 

resolution monitor (8.3 million pixels). Moreover, Ware (2013) stated that a resolution of 

4000×4000 (16 million pixels) is the ideal match between brain resolution and display 

resolution. Note that, when looking at the “width” dimension, 4K ultra-high-definition and true 

4K resolution (4096×2160) are near equal to Ware’s ideal resolution match. Ware suggested that 

high-resolution generates a richer color space and helps counter aliasing that can occur, 

especially when combined with antialiasing techniques. Research by Rigante et al. (2017) 

provided qualitative support in favor of Ware’s suggestions, namely that the “width” resolution 

provided more anatomical detail (i.e., more definable structures) and improved color space, 

especially in the “red” wavelength, than standard high-definition resolution when performing 

endoscopic surgery. 

User-Centered Design 

 In situations where few or no significant results were found, one reason could be that 

researchers were using task sets that did not accurately reflect the primary tasks of the end-user 

or tasks that produced high-variability performance based on user experience or ability. Many of 

the reviewed research studies used representative task sets as part of their experimental 

procedure. However, very few of the studies mentioned how task sets were developed or how 
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well task sets represented the routine work of their users. Task sets seemed to be developed 

based on a researcher’s perceptions of users’ routine work and meant to represent some 

component of their work (e.g., multitasking, multi-source, information location, navigation) to be 

controlled and manipulated. In other words, these studies lacked a user-centered, requirements 

gathering methodology to identify the actual activities users perform.   

User-centered design, as described by Norman and Draper (1986), is product/system 

design focused on the end-user’s characteristics and the tasks they perform. Requirements 

gathering is a methodology that can be used to identify the end-user’s characteristics and task 

they perform. Requirements gathering interviews collect user’s needs, concerns, expectations, 

delights, and frustrations by asking users about their experiences with a product or system 

(Lazar, Feng, & Hochheiser, 2017). Typically, requirements gathering and user-centered design 

are applied to the production and evaluation of a product or system. However, it is possible to 

use apply these ideas to the design of experimental tasks.  

Designing task sets based on perceptions of users’ routine work is not itself a flaw, 

however, it does open up the research to criticisms of generalizability and impact of the results. 

If research results are based on tasks that don’t match user’s routine work, how meaningful are 

those results, and what is the real value of the study? Requirements gathering for task design 

could help identify software, processes, and workflow users need and use to perform their 

activities. Then, the gathered task requirements and user behavior could be used to design user-

centered experimental tasks. Using this method to design and implement tasks for an 

experimental study would strengthen research findings and help generalize results to others who 

perform similar tasks. Furthermore, this methodology would allow researchers to feel more 
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confident in their findings since study results would be based on data from user-center tasks, 

rather than researcher-developed representative tasks. 

Knowledge Gaps 

Overall, the research discussed in this literature review suggested that increasing screen 

space (either through using multiple monitors, a larger screen size, or increased screen 

resolution) generally improved or benefitted user productivity and performance in some aspect 

and across a variety of tasks. However, several questions remain (see Appendix A for detailed 

summary tables of reviewed literature).  

First, most of the discussed research studies lacked in-depth qualitative evaluations of 

preference and perceived productivity or performance benefits (Ball & North, 2005; Colvin et 

al., 2004; Czerwinski et al., 2003; Haskins, Patzer, et al., 2015a, 2015b; Haskins, Patzer, Turner, 

Siu, Smith, et al., 2015; Hutchings et al., 2004; Kang & Stasko, 2008; Klinke et al., 2014; Ni, 

Bowman, et al., 2006; Noah et al., 2017; Owens et al., 2012; Reda et al., 2015; Simmons, 2001). 

Interviewing participants after the conclusion of an experimental session could have led to new 

insights into how user use and perceive advancements in display technology. Secondly, many 

research studies lacked an end-user requirements-gathering methodology for task set 

development (Colvin et al., 2004; Czerwinski et al., 2003; Haskins, Patzer, et al., 2015a, 2015b; 

Haskins, Patzer, Turner, Siu, Smith, et al., 2015; Kang & Stasko, 2008; Klinke et al., 2014; Noah 

et al., 2017; Owens et al., 2012; Reda et al., 2015; Simmons, 2001). By not developing and using 

tasks directly based on end-user routine work, researchers cannot be sure performance during an 

experimental session are due to the experimental treatment or to the task itself. The task or 

software may be too new/unfamiliar to users, muddling the effects between task-learning effects 

and treatment effects. Third, several researchers collected very few productivity measurements 
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or used low-complexity tasks (Ball & North, 2005; Bridgeman et al., 2003; Czerwinski et al., 

2003; Grudin, 2001; Kang & Stasko, 2008; Klinke et al., 2014; Ni, Bowman, et al., 2006; Noah 

et al., 2017; Simmons, 2001; Yang et al., 2010). Including several objective productivity 

measures and more complexity-diverse tasks could highlight a variety of productivity benefits 

when using different display technologies and display environments. For example, when using a 

range of task-complexity and collecting more than just accuracy or time, researchers could avoid 

ceiling or floor effects and be able to identify additional examples of how productivity is affected 

(i.e., overall task speed, window switch rate, task success, task, comprehension, subjective 

satisfaction and mental workload). 

Three other questions that remain relate to sample size and population representation. 

First, a few studies exclusively recruited multi-monitor users (Haskins, Patzer, et al., 2015a, 

2015b; Haskins, Patzer, Turner, Siu, Smith, et al., 2015). By only recruiting multi-monitor users, 

the researchers excluded single-monitor user, who, as suggested by Kang and Stasko (2008), 

have the most productivity benefits to gain from using dual monitors. Second, the results from Bi 

and Balakrishnan (2009) and Rajabiyazdi et al. (2015), were based on sample sizes that were 

small and not representative. Both studies only included one or two individuals for each of their 

targeted user populations. Finally, Rajabiyazdi et al. did not compare user behavior changes 

between using the large, high-resolution display and their computer workstation, missing an 

opportunity to compare using their baseline standard workstation to using a large, high-

resolution display. 

Study Purpose 

Numerous studies have investigated factors that affect user productivity and performance 

when using a computer, including the effect of multi-monitor environments, display pixel 
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density, and large displays. However, most of these studies lacked an in-depth examination of 

end-user requirements-gathering methodology for task set development, which can be used to 

identify task aspects most impacted by high-resolution. Furthermore, very little research exists 

regarding “normal-sized” (34 inch or less) (Bi, 2011) high-resolution monitors. Most of the 

research on productivity and high-resolution monitors has focused on large, or “wall-sized”, 

displays. Furthermore, no published research has focused on the users advertised to gain benefit 

from using high-resolution displays, e.g., gamers, digital creatives, radiologists. 

These limitations are a problem for display research because they do not focus on the 

routine work performed on high-resolution monitors, the user populations that use high-

resolution monitors, or normal-sized, high-resolution monitors. The purpose of this dissertation 

was to explore the perceived productivity benefits that different user populations and activities 

gain from using normal-sized, high-resolution monitors. Additionally, this research empirically 

examined the impact of high-resolution on commonly stated perceived productivity and 

performance benefits.  

This research aimed to answer the following questions in three studies: 

1. What are the commonly performed computer activities and the perceived benefits of 

using a higher-resolution computer monitor? (Study 1)  

2. Why do different user populations perceive certain tasks to benefit from high-resolution 

and what are the factors contributing to those perceived benefits? (Study 2)  

3. How does using a high-resolution monitor impact task performance for different user 

populations? (Study 3)  
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CHAPTER 3 

 

STUDY 1: ONLINE SURVEY IDENTIFYING COMMON ACTIVITIES AND 

ADVANTAGES OF HIGHER-RESOLUTION DISPLAYS 

 

Purpose 

Given the lack of information regarding how traditionally-sized, high-resolution displays 

impact user productivity, Study 1 served as the foundation for investigating how high-resolution 

displays affected user productivity and experience. Specifically, the purpose of this study was to 

explore the perceived advantages of using higher-resolution displays for work and leisure 

activities, as well as how those perceived advantages vary between different user populations. 

The idea to start at “higher-resolution”, as opposed to jumping straight to high-resolution 4K 

displays, was to develop an understanding of how past resolution advancements affected how 

users perceived using their displays. For example, advancing from the standard resolution of 720 

to the previously-new resolution of 1080 full-high-definition, or from 1080 to 1440 quad-high-

definition (QHD). Developing this general understanding helped to narrow down the list of 

activities and user populations that were the focus of more personal and in-depth interviews in 

Study 2.  

  Additionally, since this study served as the foundation, we needed to explore all users’ 

perceptions, not just local community members and undergraduate students. Thus, an online 

survey was used in order to capture perceptions from users across the globe. This would allow 

for more variety of user populations, activities, and perceptions, instead of only generating 

findings based on users in the Midwest. More diverse data would generate better informed 

conclusions on the perceived advantages of using higher-resolution displays, which would 

improve the quality of data from Study 2.  
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The specific research questions for Study 1 were: 

1. What activities are commonly performed on a computer for different user 

populations? 

2. Of those activities, which are perceived to benefit from higher-resolution displays, 

and which are not? 

3. How do the benefitted and non-benefitted activities relate to one another? 

4. What are the specific reasons users perceived activities to benefit from higher-

resolution displays? 

Method 

Participants. Respondents were recruited from Wichita State University (WSU), the local 

community, and online using online advertisements, email, and word-of-mouth. Undergraduate 

WSU respondents were recruited from the online experiment management system, SONA 

Systems. Local community and online respondents were recruited through social media (i.e., 

Facebook, Twitter), display technology or profession-related websites and forums (e.g., 

Reddit.com), survey-hosting websites (e.g., Amazon Mechanical Turk), email, and word-of-

mouth. Respondents recruited from WSU’s participant pool were granted two course credits for 

their participation. Respondents recruited through other avenues were entered into a drawing for 

the chance to win one of ten Amazon.com e-gift cards valued at $10 each. Gift cards were 

awarded between May and June 2018. 

A total of 265 respondents submitted the survey. Sixty-one respondents were eliminated from 

analysis because they were not fluent in English (n = 3), were unable to identify the resolution of 

their current computer display (n = 7), have never used a different computer display resolution (n 

= 6), or did not complete the entire survey (n = 45). The final participant pool was 204 (129 
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female, 75 male). The average age of respondents was 26.42 (SD = 9.92) and ranged from 18–64 

years of age.  

Respondents’ reported being employed by, or going to school for, a wide range of 

professions. Using self-reported employment data and the Bureau of Labor Statistics 2018 

Standard Occupational Classification system (U.S. Department of Labor, Bureau of Labor 

Statistics, 2018), users were categorized into eight profession groups (Table 1). Respondents 

who labeled themselves as a student but did not state a major or stated their major as general 

studies were classified as students. Finally, occupations that were only reported by one 

respondent and could not be grouped with any other occupation, as well as respondents who 

stated they were not working (i.e., retired, housewife, unemployed) were classified as “Other.” In 

total, ten professional groups emerged from the survey data.  

Table 1.  

 

Breakdown of Count, Mean Age, and Gender by Profession Group 

 

Professional Group N Mean Age (SD) % Male % Female 

Healthcare 37 20.7 (4.79) 18.92 81.08 

Computer Science & Engineering 35 29.02 (9.54) 51.43 48.57 

Life, Physical, & Social Sciences 35 23.4 (5.99) 22.86 77.14 

Business & Management 29 30.1 (13.73) 41.38 58.62 

Education 16 28.12 (7.5) 50.00 50.00 

Digital Creative 13 20.15 (2.44) 38.46 61.54 

Finance 8 27.5 (10.69) 50.00 50.00 

Analytics 6 37 (8.12) 33.33 66.67 

Student 7 24.85 (7.19) 42.86 57.14 

Other 18 32.66 (13.44) 44.44 55.56 

Total 204 26.42 (9.92) 36.76 63.24 

 

Procedure. Respondents gained access to an online survey via SONA, social media sites, 

display or profession-related websites and forums (e.g., Reddit.com), survey-hosting websites 

(e.g., Amazon Mechanical Turk), email, and word-of-mouth. The survey complied with the IRB 

policy of WSU. 
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Respondents answered up to 57 total questions regarding their experience with using 

higher-resolution computer monitors (see appendix B). The number of questions answered varied 

depending on their responses. For example, if respondents did not select “playing video games” 

as one of their commonly performed activities, they did not see other video-game related 

questions. Additionally, respondents were only asked to provide examples of improved 

productivity if the activity was selected as one of their commonly performed activities, and if 

they indicated productivity using a higher-resolution display was “somewhat better” or “much 

better” than on a lower-resolution display. In other words, if a participant did not select a task, 

they were not asked to rate their perceived productivity or performance improvement. Also, if 

they selected a task, but failed to indicate improved performance (i.e., selecting “much worse”, 

“somewhat worse”, or “no noticeable difference”), they were not asked to provide examples for 

that activity.  

Due to the number of subsequent short-answer questions in this survey, no more than 

four short-answer questions were presented at one time (or on one screen). To ensure that each 

short-answer question received equal attention, the questions were presented in random order. 

The survey took approximately 30 minutes to complete. 

Measures. The 57-item online survey measure was created in Qualtrics to collect user 

experiences with higher-resolution computer monitors (see Appendix B). The survey asked basic 

demographic and eligibility questions, frequency and duration of computer use, current and 

previous computer monitor specs (e.g., resolution, size, make/model, location used), activities 

performed, activity performance improvements, examples of improvements, PC gaming 

experience, and likes and dislikes for work, non-gaming leisure, and PC gaming activities. 
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Data Analysis. Descriptive quantitative analysis, including means and categorical 

frequency counts were conducted on all demographic data. Frequency counts were also 

calculated for the provided activities to identify the number and percentage of users in the 

sample that performed each activity, as well as the user populations present in each activity. 

Activities that were ranked as “somewhat better” or “much better” were further analyzed, using 

thematic analysis. Thematic analysis was performed to identify why respondents perceived an 

activity to benefit from a higher-resolution display, and followed the procedure outlined by 

Braun and Clarke (2006). Furthermore, activities were categorized based on shared task elements 

in order to help group qualitative findings around shared activity attributes. Finally, thematic 

analysis was performed on the likes and dislikes of using higher-resolution computer monitors 

for work and leisure tasks to better understand user’s general thoughts to performing and activity 

on higher-resolution.  

Findings from the survey were used to gain an understanding of the attributes of an 

activity that benefited from higher-resolution. Additionally, the attributes were used to identify 

user populations that reported a benefit from using high-resolution monitors. Both of these 

findings were used to help identify the user populations and critical questions necessary for 

Study 2, as well as potential tasks and important dependent variables for Study 3. 

Results  

Overall Commonly Performed Activities. Survey respondents were provided with 20 

activities and asked to provide feedback on the impact of performing that activity on a higher-

resolution display (see Table 2). Seven activities were selected by at least 50% of the 

respondents as commonly performed activities: web browsing, emailing, viewing images, 

watching movies, TV, or videos, word processing, instant messaging, and preparing presentation 
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slides. This finding suggested that these seven activities represented core activities performed by 

computer users, regardless of profession or group membership. Additionally, respondents were 

able to suggest up to five additional activities not covered in the survey. Activities mentioned by 

respondents included: payment processing, work, generating reports, music production, video 

game and board game development, trading, creating charts (e.g., PERT, GANTT, flow), and 

editing PDFs (all n = 1). 

Table 2.  

Percentage and Frequency of Activities Selected by Respondents  

Activity % n 

Web browsing 90.69 185 

Emailing 84.31 172 

Viewing images 75.98 155 

Watching movies/TV/videos 75.98 155 

Word processing 67.16 137 

Instant messaging 61.27 125 

Preparing presentation slides 59.80 122 

Digital reading 48.53 99 

Playing video games 47.06 96 

Interacting with spreadsheets 44.61 91 

Voice/video chatting 43.63 89 

Photo editing 42.16 86 

Data analysis 28.92 59 

Video editing 23.53 48 

Web presenting/screen sharing 20.59 42 

Monitoring info dashboards 20.10 41 

Programming/coding 17.65 36 

Digital illustrations 13.24 27 

3D modeling 9.80 20 

Architectural drawings 4.90 10 

 

Commonly Performed Activities by Profession. Percentage of activity selection was 

calculated for each profession to pinpoint their unique activity sets. Common activities 

performed by each profession were limited to the activities that were selected by at least 50% of 

the respondents in the professional group.  
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Results from the descriptive analysis showed that, for most profession groups, the 

activities commonly performed were exactly the same as those commonly performed by the 

population sample: web browsing, emailing, viewing images, watching movies, TV, or videos, 

word processing, instant messaging, and preparing presentation slides. However, three profession 

groups deviated from this pattern, digital creatives, students, and other. Table 3 lists the unique 

activities performed for each profession, i.e. the activities that were commonly performed by 

each profession group which differed from those commonly performed by the population 

sample. For detailed activity selection breakdown by profession, see Appendix C.  

Table 3. 

Unique Activities by Profession 

Profession Unique Activities 

Healthcare No unique activities 

Computer Science & Engineering Playing video games, programming/coding, digital reading 

Life, Physical, & Social Science Interacting with spreadsheets 

Business & Management Digital reading, interacting with spreadsheets, voice/video chatting 

Education Voice/video chatting 

Digital Creative Photo editing, digital reading, video editing 

Finance Interacting with spreadsheets, voice/video chatting, data analysis 

Analytics Interacting with spreadsheets, photo editing, data analysis, monitoring info 

dashboards 

Student Playing video games, digital reading, photo editing 

Other Digital reading, playing video games, photo editing 

 

Healthcare. Results from the descriptive analysis showed that healthcare respondents 

were the only profession in which the majority of respondents did not report performing any 

unique activities. 

Computer science and engineering. In addition to the core activities define above, 

computer science and engineering respondents identified video gaming, programming, and 
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reading digital documents as frequent tasks. Computer science and engineering professionals are 

the only group in which programming was reported by the majority. Although this activity was 

selected by respondents in other professions, it was selected by less than 17% in each profession.  

Life, physical, and social sciences. Life, physical, & social science respondents reported 

using a computer to interact with spreadsheets. No other activity was unique to this profession 

group.  

Business and management. For business & management respondents, at least 50% 

selected that they frequently read digital documents, interact with spreadsheets, and voice or 

video chat.  

Education. Education respondents reported using a computer to voice or video chat with 

others. No other activity was unique to this profession group. 

Digital creative. Digital creative respondents reported most of the same activities as those 

commonly performed by the population sample with the exception of preparing presentation 

slides. This could suggest that digital creatives use other method to present material, such as 

digital or physical portfolios. Moreover, at least 50% of the respondents in this profession 

selected photo editing, digital document reading, and video editing as commonly performance 

activities. Digital creative professionals were the only group in which video editing was reported 

by the majority. However, this activity was also selected by at least one quarter, but less than the 

majority, of computer science and engineering, education, and student professionals. Video 

editing was selected by less than 21% for all other professions.  

Finance. For finance respondents, the majority reported using a computer to interact with 

spreadsheets, voice or video chat, and conduct data analysis.  
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Analytics. Analytics respondents stated using a computer to interact with spreadsheets, 

edit photos, conduct data analysis, and monitor information dashboards. Analytics respondents 

were the only group in which monitoring information dashboards was reported by the majority. 

However, monitoring information dashboards was also selected by a at least one quarter, but less 

than the majority, of the respondents in other professions: computer science and engineering, 

business and management, digital creatives, finance, and student. Monitoring information 

dashboards was selected by less than 19% for all other professions.  

Student. Students also reported the same activities as those commonly performed by the 

population sample, excluding preparing presentation slides. This could suggest that students 

more commonly use other methods to prepare and present material, such as writing papers or 

using tri-fold or poster board to present project materials. Additionally, students also identified 

reading digital documents, playing computer video games, and editing photos as frequent tasks. 

Other. The final group of respondents also reported the same activities as those 

commonly performed by the population sample (i.e., web browsing, emailing, watching movies, 

TV, or videos, viewing images, word processing, and instant messaging), with the exception of 

preparing presentation slides. This could suggest that most of the respondents in this group have 

no need to prepare presentation slides or use other methods to present materials to others (e.g., 

videos, photos, email). The majority of respondents in this group also reported using a computer 

to play video games, read digital documents, and edit photos.  

Overall Perceived Productivity Benefit and Non-Benefit. In addition to selecting 

activities performed on a computer, respondents were asked to compare how much productivity 

improvement they perceived when completing the activity on a higher-resolution display as 

compared to completing the activity on a lower-resolution display. For example, if the 
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participant perceived much worse productivity compared to using a lower-resolution display, 

they would select “much worse” as their comparison rating. Activities in which respondents 

marked “somewhat better” or “much better” were classified as activities that benefitted. 

Activities in which respondents marked “no noticeable difference”, “somewhat worse”, or 

“much worse” were classified as non-benefitted activities.  

Percentages and frequency counts of perceived benefit and non-benefit were calculated 

for each activity. Benefit percentages represent the proportion of respondents who performed an 

activity and also perceived that activity to benefit from higher-resolution application. Non-

benefit percentages represent the proportion of respondents who performed an activity and also 

perceived that activity to not benefit from higher-resolution application. 

As seen in Table 4, at least 50% of the respondents perceived 19 out of the 20 activities 

to benefit from being completed on a higher-resolution display. Interestingly, of the seven core 

activities commonly performed (web browsing, emailing, viewing images, watching movies, TV, 

or videos, word processing, instant messaging, and preparing presentation slides), respondents 

perceived three of them, word processing, instant messaging, and emailing, to receive the least 

amount of benefit when using higher-resolution displays as compared to performing the same 

activity on a lower-resolution display. It is possible that when rating productivity benefits for 

these three activities, more respondents were thinking more about the act of typing or reading, 

rather than managing content (e.g., viewing multiple emails or messages at once). Moreover, 

emailing, the second most common activity, was the only activity perceived to benefit from 

higher-resolution displays by less than the majority of the respondents (49.42 %). This finding 

suggests that, although an activity might be commonly performed, it may not necessarily benefit 

from higher-resolution application.  
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Table 4. 

Percentage and Frequency of an Activity’s Perceived Benefit and Non-Benefit When 

Using a Higher-Resolution Display 

 

Task Perceived Benefit Perceived Non-Benefit 
 

% n % n 

Photo editing 94.19 81 5.81 5 

Watching movies/TV/videos 93.55 145 6.45 10 

Playing video games 92.71 89 7.29 7 

Digital illustrations 92.59 25 7.41 2 

Viewing images 91.61 142 8.39 13 

3D modeling 90.00 18 10.00 2 

Architectural drawings 90.00 9 10.00 1 

Video editing 89.58 43 10.42 5 

Voice/video chatting 82.02 73 17.98 16 

Digital reading 81.82 81 18.18 18 

Web presenting/screen sharing 80.95 34 19.05 8 

Preparing presentation slides 77.87 95 22.13 27 

Web browsing 74.05 137 25.95 48 

Data analysis 72.88 43 27.12 16 

Monitoring info dashboards 70.73 29 29.27 12 

Programming/coding 69.44 25 30.56 11 

Interacting with spreadsheets 69.23 63 30.77 28 

Word processing 59.85 82 40.15 55 

Instant messaging 53.60 67 46.40 58 

Emailing 49.42 85 50.58 87 

Note. Productivity on a higher-resolution monitor was rated as either somewhat or much better 

compared to a lower-resolution display. Productivity on a higher-resolution monitor was rated as 

either no noticeable difference, somewhat worse, or much worse compared to a lower-resolution 

display. 

 

Perceived Productivity Benefit and Non-Benefit by Profession. Percentages and 

frequency counts of perceived productivity benefit and non-benefit were tallied for each 

profession to identify the activities each population perceived to benefit the most from higher-

resolution application. Table 5 lists the activities rated as receiving productivity improvement on 

higher-resolution displays and the activities rated as not receiving productivity improvement on 

higher-resolution displays for each profession. For detailed perceived benefit and non-benefit by 

profession, see Appendices D and E.  
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Table 5. 

Perceived Improved Productivity and Not Improved Productivity Activities by Profession 

Profession Improved Productivity Not Improved Productivity 

Healthcare Playing video games, 3D modeling, architectural drawings, watching 

movies/tv/videos, photo editing, preparing presentation slides, voice/video 

chatting, viewing images, digital reading, video editing, web browsing, word 

processing, web presenting/screen sharing, emailing, data analysis, instant 

messaging, interacting with spreadsheets, monitoring information 

dashboards 

Programming/coding 

Computer Science & 

Engineering 

Digital illustrations, viewing images, video editing, watching 

movies/tv/videos, photo editing, interacting with spreadsheets, voice/video 

chatting, playing video games, 3D modeling, preparing presentation slides, 

digital reading, architectural drawings, data analysis, monitoring information 

dashboards, programming/coding, web browsing, word processing, web 

presenting/screen sharing 

Emailing, instant messaging 

Life, Physical, & Social 

Science 

Web presenting/screen sharing, programming/coding, digital illustrations, 

watching movies/tv/videos, playing video games, viewing images, photo 

editing, digital reading, voice/video chatting, preparing presentation slides, 

web browsing, word processing, interacting with spreadsheets 

Video editing, monitoring information 

dashboards, emailing, data analysis 

Business & 

Management 

Photo editing, programming/coding, 3D modeling, architectural drawings, 

voice/video chatting, watching movies/tv/videos, playing video games, data 

analysis, web presenting/screen sharing, viewing images, digital reading, 

video editing, monitoring information dashboards, web browsing, instant 

messaging, digital illustrations, word processing, interacting with 

spreadsheets, preparing presentation slides, emailing 

 

Education Watching movies/tv/videos, viewing images, playing video games, photo 

editing, data analysis, video editing, programming/coding, 3D modeling, 

voice/video chatting, interacting with spreadsheets, preparing presentation 

slides, monitoring information dashboards, web browsing, digital reading 

Emailing, word processing, instant messaging 
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Table 6. (continued) 

Profession Improved Productivity Not Improved Productivity 

Digital Creative Viewing images, data analysis, web presenting/screen sharing, monitoring 

information dashboards, 3D modeling, architectural drawings, watching 

movies/tv/videos, video editing, web browsing, playing video games, digital 

illustrations, digital reading, photo editing, preparing presentation slides, 

voice/video chatting, instant messaging 

Programming/coding, emailing, word processing 

Finance Watching movies/tv/videos, viewing images, preparing presentation slides, 

digital reading, playing video games, interacting with spreadsheets, photo 

editing, web presenting/screen sharing, monitoring information dashboards, 

web browsing, voice/video chatting, emailing 

 

Analytics Playing video games, monitoring information dashboards, preparing 

presentation slides, watching movies/tv/videos, viewing images, photo 

editing, data analysis 

Video editing, programming/coding, word 

processing, instant messaging, web browsing, 

emailing 

Student Watching movies/tv/videos, viewing images, voice/video chatting, web 

presenting/screen sharing, programming/coding, digital illustrations, 3D 

modeling, architectural drawings, web browsing, instant messaging, digital 

reading, playing video games, photo editing, emailing, preparing 

presentation slides, data analysis 

Interacting with spreadsheets, monitoring 

information dashboards, word processing 

Other Watching movies/tv/videos, viewing images, digital reading, playing video 

games, photo editing, video editing, web presenting/screen sharing, 

monitoring information dashboards, programming/coding, digital 

illustrations, 3D modeling, architectural drawings, web browsing, interacting 

with spreadsheets, preparing presentation slides, data analysis, word 

processing, emailing, voice/video chatting 

Instant messaging 
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Healthcare. Results from the descriptive analysis revealed that healthcare respondents 

perceived all but two activities to benefit from higher-resolution application. For example, when 

asked how productivity was improved for preparing presentations slides on a higher resolution 

display, one healthcare respondent said, “I can tell if my words will be disappearing among the 

background if I am using color with my presentation.” This suggests that respondents can avoid 

visibility errors and save work time when preparing presentation slides due to improved color 

representation and contrast afforded by higher-resolution displays. Programming was the only 

activity healthcare respondents perceived to not benefit from higher-resolution application. 

Computer science and engineering. Computer science and engineering respondents 

perceived all but two activities to benefit from higher-resolution application. When asked to 

explain how watching movies, TV, or videos on a higher-resolution display was benefitted, one 

participant said, “I don't have to struggle as hard to see a video which really helps when looking 

a tutorial video. It helps me follow along better.” This comment suggests respondents can reduce 

eye strain and improve focus when watching videos on a higher-resolution display due to 

improved image clarity. Emailing and instant messaging were the only two activities respondents 

rated as not receiving productivity improvement when being performed on a higher resolution 

display.  

Life, physical, and social sciences. For life, physical, and social sciences respondents, 

over 50% perceived 13 activities to benefit from being performed on a higher-resolution display. 

One participant remarked that, “The better resolution makes images and contrast better. [I] Can 

see more of what is going on, especially in the background” when asked how watching movies, 

TV, or videos on a higher-resolution display was benefitted. The statement indicates that benefits 

from watching videos on higher-resolution displays could be due to improved picture contrast, 
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especially between foreground and background elements in videos, which results in a better 

understanding of the video. However, respondents were evenly divided when rating their 

productivity improvement for instant messaging. Half of the respondents that performed this 

activity perceived their productivity to improve; the other half did not. Moreover, respondents 

rated four activities as not receiving productivity improvement when performed on a higher 

resolution display: video editing, monitoring information dashboards, emailing, and data 

analysis.  

Business and management. Business and management respondents perceived every 

activity to benefit from being performed on a higher-resolution display. This was the only 

profession group to report perceived improved for every activity. For example, in regard to the 

improvements to voice or video chatting, one participant said, “When visiting with distant 

friends or family, it's more enjoyable. [It’s] easier on the eyes of the elderly to make out objects 

and people while chatting. Screen-shots are better quality and more suitable for printing”. This 

comment implies that respondents can reduce eye strain and gain a better understanding of the 

conversation when voice or video chatting due to improved enjoyment and image clarity, 

especially for the elderly or those with poor eye sight. 

Education. Education respondents perceived 14 activities to benefit from being 

performed on a higher-resolution display. When asked to provide an example of how viewing 

images was improved when using a higher-resolution display, one participant said, “I am able to 

show details of scientific images in the classroom.” This indicates that higher-resolution displays 

afford better material comprehension due to improved clarity and small detail visibility. 

Conversely, education respondents did not perceive their productivity to improve for three 

activities: emailing, word processing, and instant messaging.  
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Digital creative. Digital creative respondents perceived 16 activities to benefit from being 

performed on a higher-resolution display. When asked how viewing images on a higher-

resolution display improved productivity, one respondent remarked that, “Images are bigger and 

clearer on a high res monitor. I can zoom in further to see more detail and have more of the 

image still visible on my screen. Also, I think the color on this laptop might be more vibrant than 

my old laptop.” This comment implies that respondents can improve their overall work efficacy 

when viewing images on a higher-resolution display as a result of the improved image clarity, 

increased pixel workspace, and improved color quality afforded by higher-resolution displays. 

However, only half of the digital creative respondents indicated productivity improvements when 

interacting with spreadsheets on a higher-resolution display. Moreover, the majority of the 

respondents rated three activities as not receiving productivity improvement when performed on 

a higher resolution display: programming, emailing, and word processing.  

Finance. For finance respondents, over 50% perceived 12 activities to benefit from being 

performed on a higher-resolution display. When asked why interacting with spreadsheets was 

improved when using a higher-resolution display, one finance respondent commented that, “I 

don't lose time zooming in/out, and can concentrate on the whole document instead.” This 

suggests that productivity improvements, such as reduce zoom frequency and faster information 

location, could be due to the ability to have more information on screen and improved clarity at 

smaller zoom levels. However, only half of the finance respondents indicated productivity 

improvements when word processing, instant messaging, or conducting data analysis on a 

higher-resolution display.  

Analytics. By far, the analytics respondents were the most critical group when rating the 

productivity improvement of completing an activity on a higher-resolution display. Analytics 
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respondents perceived seven activities to benefit from higher-resolution application. For 

example, in regard to how productivity for monitoring information dashboards was improved, 

one participant said, “As I am using a lot of colors here, I need a monitor with higher resolution, 

so that the background texts can be seen properly.” This suggests that respondents can reduce 

information visibility errors and improve information location due to improved color contrast 

and text legibility when monitoring information dashboards on a higher-resolution display. 

However, only half of the analytics respondents indicated productivity improvements when 

reading digital documents, interacting with spreadsheets, voice or video chatting, or when web 

presenting/screen sharing on a higher-resolution display. Moreover, the majority of analytics 

respondents rated six activities as not receiving productivity improvement when performed on a 

higher resolution display: video editing, programming, word processing, instant messaging, web 

browsing, and emailing.  

Student. Student respondents indicated productivity improvements on a higher-resolution 

display for 16 activities. One student respondent remarked that, “there's more screen space” 

when asked how web browsing on a higher-resolution display was improved. This comment 

implies that productivity improvements for web browsing, such as more web page information 

being visible above the fold, could be a result of improved increased pixel real estate. However, 

only half of the respondents indicated productivity improvements for video editing on a higher-

resolution display, the other half of the respondents did not agree. Moreover, student respondents 

indicated no productivity improvements for three activities: interacting with spreadsheets, 

monitoring information dashboards, and word processing.  

Other. For the miscellaneous group of respondents, over 50% perceived 19 activities to 

benefit from being performed on a higher-resolution display. For example, in regard to how 
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productivity for playing computer video games was improved, one participant said, “Using a 

high-resolution monitor for gaming makes the game more immersive by creating a crisper 

image.” This suggests that higher-resolution displays provide better game immersion and detail 

visibility due to improved game graphics. Instant messaging was the only activity rated as 

receiving no productivity benefit from higher-resolution application.  

Activity Categorization. In order to better understand how activities related to one 

another, activities were grouped based on a shared trait. Activity groups were label to reflect the 

shared trait between the activities, see Table 6. Additionally, the average percent of respondents 

who perceived an activity to benefit from higher-resolution application within each group was 

calculated. Categorizing the activities and assessing the percent of respondents perceiving 

productivity improvement aided the decision of which activities to focus on in Study 2. 

Table 7. 

Activity Categorization and Average Percent of Respondents Perceiving Productivity Improvements 

Categorization Activities 
Mean % Respondents 

Perceiving Improvement 
(SD) 

Visual leisure Watching movies/tv/videos, playing video 

games 
93.13 (0.59) 

Detail-heavy image 

manipulation 

3D modeling, architectural drawings, digital 

illustrations, photo editing, video editing 
91.27 (2.02) 

Motion-based information 

communication 

Voice/video chatting, web presenting/screen 

sharing, monitoring info dashboards 
77.90 (5.09) 

Information 

gathering/generation 

Digital reading, word processing, preparing 

presentation slides, viewing images, web 

browsing 

77.04 (13.41) 

Large dataset Data analysis, interacting with spreadsheets, 

programming/coding 
70.52 (2.05) 

Text-based information 

communication 

Emailing, instant messaging 
51.514 (2.96) 
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As shown in Table 9, the list of 20 activities were categorized into six activity types. The 

first group—visual leisure—represents activities commonly performed for leisure (i.e., non-work 

activities) and generally use dynamic graphics. This definition was used to separate out other 

leisure activities that use static graphics, like reading or viewing online comics or images, as well 

as activities that use dynamic graphics, but are not typically done for leisure, like video 

communication. On average, 93% of the respondents who performed these types of activities 

perceived them to benefit from higher-resolution application. This indicates that including these 

types of activities in Study 2 could provide valuable insight into the advantages of using high-

resolution displays and the factors the relate to those advantages.  

The second group, detail-heavy image manipulation, represents activities in which users 

must be able to clearly see very small and precise details of their work, and be able to accurately 

and easily edit those details. This includes static activities like moving the anchor points of a 

vector illustrations, color-correcting an image, drawing a model of a building with exact 

dimensions, as well as dynamic activities like accurately editing the start and stop points of a 

video timeline or timing the motion of an animation. This definition was used to parse out other 

activities that do not require users be able to see every detail of a project nor perform careful 

manipulation of those details. On average, 91% of the respondents who performed these types of 

activities perceived them to benefit from higher-resolution application; video editing was the 

only activity in this group where less than 90% of the respondents perceived productivity 

improvement, see Table 7. This result indicates that these types of activities should be further 

investigated by focus groups/interviews in Study 2, especially to understand the productivity 

benefits differences between static activities and dynamic-activities. 
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The motion-based information communication group represents activities in which 

information is continuously conveyed to a user in the form of dynamic graphics. This definition 

was used to separate out other types of communication activities that do not require continuous 

observation and where communication is conveyed using text. Furthermore, al this group of 

activities share many similarities with the visual leisure group (i.e. continuous observation of a 

dynamic scene), activities in this group are often performed as secondary activities. On average, 

close to 78% of the respondents who performed these types of activities perceived them to 

benefit from higher-resolution application. However, because of the secondary nature of the 

activities in this group and the similarities they share with the visual leisure group, these types of 

activities would not provide unique insight into the advantageous to using high-resolution as 

information gleaned from the visual leisure group could also be applied to this group of 

activities.  

The information gathering/generation group represents activities where users consume 

text and graphical information but can easily stop and start the activity without missing 

information, as well as activities where users generate informational materials to dispense. This 

definition was used to isolate other information gathering activities where information is 

conveyed using either text or dynamic graphics (e.g. emailing, video chatting), as well as 

activities that require continuous observation (e.g., web presenting). On average, 77% of the 

respondents who performed these types of activities perceived them to benefit from higher-

resolution application, however respondents’ opinions on the perceived productivity benefits of 

this group of activities varied greatly from one another. The number of respondents who 

perceived productivity benefits ranged 92% (viewing images) to 60% (word processing). 

Furthermore, activities in this group do not supply unique traits compared to other activities 
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found in this survey. These findings suggest that, similar to the previously mentioned activity 

group, users who primarily perform information gathering/generation activities should not be 

included in Study 2 as they would not provide unique insight into the advantages to using high-

resolution.  

The fifth group, large dataset, represents activities in which users commonly manage and 

analyze a large set of alphanumeric information (or multiple linked sets of alphanumeric 

information) and must continuously check the information for easily missed errors, which could 

affect the integrity of the final product. This definition was used to differentiate it from text-

based activities where users do not manage a large amount of information, and from activities 

that do not require careful scrutiny of every piece of information. On average, 70.52% of the 

respondents who performed these types of activities perceived them to benefit from higher-

resolution application. Although the average number of respondents who perceived productivity 

improvement is lower than the two previous groups, activities in the large dataset group require 

users to carefully assess the accuracy of a vast amount of information, which is similar to the 

activities in the detail-heavy image manipulation group. This suggests that users who perform 

these types of could supply useful information regarding the advantages of using high-resolution 

displays.  

The final group, text-based information communication, represents activities in which 

information is largely conveyed using text and does not need to be continuously monitored. This 

definition was used to distinguish these activities from other types of communication activities 

that use an always-visible window and where communication is conveyed using dynamic 

graphics. On average, only 50.51% of the respondents who performed these types of activities 

perceived them to benefit from higher-resolution application. Given the secondary nature of the 
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activities in this group, and the low number of respondents who perceived productivity benefit, 

these types of activities would not add unique information to the advantages of using high-

resolution displays. 

Thematic Analysis. In addition to ranking the perceived benefit of performing an 

activity on a higher-resolution display, respondents were asked to provide examples of how and 

why they perceived a specific activity to benefit from higher-resolution application. Thematic 

analysis was conducted on the commonly performed activities to identify the attributes of an 

activity that received improvement. Given that 3D modeling and architectural drawing was 

performed by less than 10% of the respondents, those two activities were removed from the 

thematic analysis. 

The qualitative responses were broken down into their core ideas and coded to generate 

initial codes. In cases where a response mentioned multiple ideas, each unique idea was given its 

own initial code. Next, initial codes were grouped together based on related ideas to form 

activity attributes. Then, the activity attributes were clustered to form overarching themes. 

Finally, the themes were named to reflect the connecting attribute (Braun & Clarke, 2006). In the 

case of this analysis, theme names were developed to highlight the exact impact higher-

resolution application was perceived to have on an activity’s attribute, as well as the direction of 

the that impact. For example, rather than name a theme Screenspace, a theme was instead named 

Increased onscreen information. Using this naming structure facilitated pinpointing the exact 

perceived benefits of using higher-resolution displays. This procedure was performed for each 

activity by a single reviewer.  

Themes and activity attributes. Based on the thematic analysis, three themes emerged 

from the data regarding higher-resolution’s perceived impact on productivity. Findings from the 
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thematic analysis indicated that respondents perceived productivity benefit as a result of 

improved work output efficiency, more visible information on screen, and improved graphics 

quality. Within each theme, several activity attributes emerged, which contributed to the 

perceived productivity benefits, see Figure 14. Furthermore, while the activity attributes varied 

across activity, several core activity attributes remained constant, regardless of activity. 

 

 
Figure 14. Major themes (middle layer) and example activity attributes (bottom layers) that contribute to 

perceived productivity improvements from higher-resolution application. 

 

Improved work output efficiency is defined as the ability to get work completed faster 

and with better output quality as a result of fewer errors and redundant actions, easier to use 

computer system and software, and improved focus on the work material. Improvements to the 

quality of work, activity accuracy, and the ability to complete an activity faster were all cited as 

major contributors to why activity output was perceived to be more efficient when using a 

higher-resolution display. In other words, respondents noted that they were able to complete 

more of an activity in less time and that they did not need to correct as many edits (or were able 

to find errors faster) as they completed an activity, thus resulting in better quality once they 
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finished. For example, one respondent said, “I am able to read articles faster with an improved 

screen resolution, and that allows me to read more articles and gather more information on the 

news of the day,” another respondent said, “I can readily 'speed-read' with better efficiency on a 

higher resolution. I spot grammatical errors with greater ease.” 

More onscreen information is defined as the ability to have more information visible in 

each computer window as a result of text, images, and icons consuming fewer pixels, more 

screen real estate available for user interface (UI) toolbars in conjunction with the working 

surface, and the ability to view multiple small computer windows simultaneously while still 

being able to read the contents of each window. More information per page, simultaneous 

windows, and more workspace were all mentioned as major contributors to why more onscreen 

information facilitated improvements to productivity when using a higher-resolution display. 

Respondents reported that having more pixels available increased the size of their workspace, 

“Same answer as for any editing/creation software. The UI takes up a lot of space. Higher 

resolution minimizes this problem. This gives more screen space to work with the content 

regardless of the screen size.” The increase in workspace allowed respondents to see more 

information at a time (e.g., more text in a PDF, more cells in a spreadsheet, more visible canvas 

for drawing plus toolbars), especially when performing side-by-side window activities, as well as 

reducing the need to zoom in to see information.  

Easier to get an overview of the project. Less scrolling makes workflow much faster. Can 

remain at the same zoom level much more of the time, improving comfort and workflow. 

Much easier to see related data all at once. Possible to use larger cell sizes, improving 

formatting, while still having everything on screen at once. 
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 Improved graphics quality is defined as the ability to clearly and easily see onscreen text, 

images, and icons, especially when small, as a result of less pixilation/fuzziness, a wider display 

of the color spectrum, and the reduced need to squint or strain the eyes when looking at onscreen 

content. Improvements to the visibility of small details, reduced eye discomfort/fatigue, and 

clear/sharp graphics were all stated as major contributors to why graphics quality enabled 

improvements to productivity when using a higher-resolution display. Respondents perceived 

images and graphics to be clearer and sharper, which made is easier to see small details (or 

details further away) and reduce the need to squint or strain their eyes when looking at their 

screen.  

When I used a high resolution monitor, the videos on YouTube were clear and the images 

of people and places were prominent. I was able to see items and figures that I would 

have missed or needed to increase in size. Making task run smoothly and not hurting my 

eyes. 

However, these findings did not extend to all activities. Respondents did not perceive 

improvements to graphics quality when programming; they only reported a reduction in eye 

strain. Additionally, when web presenting/screensharing, respondents did not perceive 

improvements to activity output efficiency beyond reporting a better experience. Furthermore, 

respondents only reported perceived improvements to the window size when web 

presenting/screensharing window, they did not perceive any other contributors to why the 

amount of information on screen improved productivity.  

Theme’s influence. Although all activity categories shared the same three themes, the 

degree of a theme’s influence varied across the categories. Similarly, the activity attributes that 

emerged within each theme and their influence on the theme varied as well. Influence represents 
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the weight of a theme and was calculated as the proportion of codes relating to a theme out of the 

total number of codes for that activity. Influence weights of 50% or higher were considered high 

influence, weights between 25% and 49.99% were considered moderate influence, and weight 

less than 25% were considered low influence. For example, if 50% of all the codes for an activity 

related to the theme of improved graphics quality, then improved graphics quality was 

considered to have a high influence on why respondents perceived productivity improvements 

when performing that activity on a higher-resolution display. Table 7 shows the influence of the 

themes on each activity. See Appendix F for the detailed breakdown of theme influence and 

Appendix G for activity attributes by theme. 

Table 8. 

Influence of Theme on Activity Group 

 Graphics Quality Work Output 

Efficiency 

More Onscreen 

Information 

Activity Group % of 

Codes 

Influence % of 

Codes 

Influence % of 

Codes 

Influence 

Detail-heavy image manipulation 40.28% Moderate 36.57% Moderate 23.15% Low 

Information gathering/generation 60.00% High 18.74% Low 21.26% Low 

Motion-based information 

communication 

64.02% High 20.12% Low 15.85% Low 

Large dataset 42.77% Moderate 25.43% Moderate 31.79% Moderate 

Text-based information 

communication 

60.63% High 25.98% Moderate 13.39% Low 

Visual leisure 56.97% High 27.55% Moderate 15.48% Low 

 

Activities in the detail-heavy image manipulation activity group were influenced 

similarly by graphics quality improvements and work output efficiency improvements. This 

indicated that respondents reported activity attributes relating to graphics quality and work 

output efficiency improvements equally when creating digital illustrations and editing videos and 

photos. On the other hand, more onscreen information was perceived to be less impactful. 
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Activity attributes relating to more onscreen information were less frequently mentioned as to 

why they perceived one of those activities to benefit from higher-resolution application.   

Activities in the information gathering and generation group and motion-based 

information communication group had similar theme influence. Both were largely influenced by 

attributes relating to graphics quality improvements. When performing activities from the 

information gathering and generation group (web browsing, viewing images, word processing, 

preparing presentation slides, and reading digital material) or motion-based information 

communication group (voice/video chatting, web presenting, and monitoring information 

dashboards), respondents mainly commented that attributes relating to graphics quality 

improvements were the reasons these activities benefitted from higher-resolution application. 

Conversely, respondents less frequently mentioned activity attributes relating to work output 

efficiency and more onscreen information.  

Activities in the large dataset group were equally perceived to benefit moderately from 

all three themes. Justifications for why interacting with spreadsheet, data analysis, and 

programming/coding benefitted from being done on a higher-resolution screen equally reflected 

activity attributes relating to improvements to graphics quality, work output efficiency, and more 

onscreen information. 

Activities in the text-based information communication group and visual leisure group 

had similar theme influence, as well. Like most of the previous groups, both were highly 

influenced by attributes relating to graphics quality improvements. When performing activities 

from the text-based information communication group (emailing and instant messaging) or 

visual leisure group (watching movies/TV/videos and playing PC games), respondents mainly 

commented that attributes relating to graphics quality improvements were the reasons these 
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activities benefitted from higher-resolution application. Respondents also reported that activities 

from both groups were influenced by attributes related to work output efficiency, but only to a 

lesser degree. However, respondents rarely mentioned activity attributes relating to more 

onscreen information as reason why they perceived an activity to benefit from higher-resolution 

application.  

General likes and dislikes 

 Respondents were also asked to provide some general reasons and examples as to why 

they liked or disliked using a higher-resolution display for work and leisure tasks. The reasons 

respondents liked using higher-resolution displays for work and leisure tasks reiterated what was 

found from the thematic analysis.  

Specifically, respondents liked that higher-resolution displays offered improved graphics 

quality over lower-resolution displays, making items onscreen sharper, easier to see, especially 

small details, and less straining on the eyes. Respondents also emphasized that they liked the 

improvements to efficiency from using higher-resolution displays, such as easier error 

identification and reduced error-making, faster reading and better material comprehension, and 

generally improving the overall experience of using a computer to complete work. Additionally, 

respondents liked the increase in screen real estate, which facilitated greater productivity by way 

of allowing for bigger windows, more multiwindow tasking, and more information per window 

exposed.  

As for leisure tasks, respondents liked how the improved graphics made movies, TV, and 

still images clearer and more enjoyable to watch or view. Improvements to graphics also made 

consuming e-books easier to read and more enjoyable and increased immersion and realism 

when watching movies, TV, video, or playing computer video games. For game play 
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specifically, respondents liked how higher-resolution displays decreased the size of in-game 

heads-up display icons, which increased the amount of visible gameplay space. Finally, 

respondents also liked that small detailed were easier to see, making target identification and 

strategy decision-making easier as they were able to pull in more information.  

However, there were a few things respondents stated they disliked about using higher-

resolution displays. Primarily, respondents did not like the increased priced tag that comes along 

with higher-resolution. The cost could come from purchasing the display itself, or from 

purchasing computer hardware components so the computer system can support higher-

resolution (e.g., buying a new graphics card that supports 4K-resolution). Some respondents even 

mentioned having to purchase higher-resolution computers in order to use software required for 

class or their job. One moderator to the cost dislike was if employer was responsible for 

purchasing the display, hardware components, or software. In these cases, cost was much less of 

a dislike. 

Another dislike mentioned by the respondents was incompatibility and scaling problems. 

Incompatibly issues encountered were the result of using software or hardware meant for lower- 

resolution (as is the case for some legacy Windows software, which look stretched if viewed on a 

higher-resolution than intended) or when viewing pictures in a lower resolution than the display 

as the image would appear fuzzy. Additionally, for some respondents, either their computer 

setting, or operating system made text, icons, or the mouse cursor small, which made them 

difficult to see. Respondents reported sometimes getting headaches in this situation or losing 

track of the cursor. Respondents did not report any solutions to these problems, with the 

exception of waiting for a patch or software upgrades to resolve the issue.  
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As for leisure tasks, some respondents mentioned that they were unable to downgrade to 

lower-resolution displays in the future. For these respondents, using high-resolution displays had 

spoiled them because using a lower-resolution display would result in decreased enjoyment and 

satisfaction. Respondents also stated that higher-resolution displays had the tendency to make 

some videos look fake, or too life-like, due to the higher refresh rate on some higher-resolution 

displays. For video games specifically, smaller heads-up display icons were, at times, a dislike 

because it made them more difficulty to select or too small/fuzzy to easily read. Finally, 

respondents also reported that some older games not designed for higher-resolution application 

looked worse when played on higher-resolution displays. In these cases, respondents had to wait 

for a patch to be released by the game developer or seek out a third-party made patch.  

Example general likes comments. 

• For work 

o Smoother text and more screen to use for word processing etc. Actually, at work, 

the high resolution PACS monitors are better for viewing X-rays than standard 

monitors. Can see more image clearer, P203; Healthcare 

o Pictures and PDFs are clearer, so it decreases the amount of time I dedicate to 

finding legible sources/reformatting, P200; life, physical, & social sciences 

o It increases my productivity, simple as that. Now, when I have to work on a lower 

resolution monitor, I feel almost sick, it looks like windows doesn't fit anymore, 

P163; Computer science & engineering 

o (Work as in school) Higher resolution makes it possible to use Adobe Premier 

Pro, so I guess that counts as a plus, because I need it for school. Higher would be 
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better though (to maximize the space of the program windows while video 

editing), but I don't have the money, P26; Digital creative 

• For leisure 

o I enjoy being able to watch HD video on my computer as opposed to using a TV. 

In general, I don't use my television often and prefer to be at my computer, P62; 

Education 

o I don't really use my laptop for leisure, but I'd have to say the better quality it has 

for images on Pinterest, P6; Life, physical, & social sciences 

o I like how it is easier to read articles and books on my computer now with a 

higher resolution screen due to the increased clarity of the picture, P186; Life, 

physical, & social sciences  

o I can appreciate the clarity it comes with when watching videos and being 

immersed into that show/drama, P6; Life, physical, & social sciences 

• For gaming 

o Completely better graphics and more realistic gaming environments. Able to 

quickly adapt to new situations with the higher resolution and less 'lag' time on 

discerning objects or people. Much less eye-strain in all situations, therefore 

longer game-play is possible, P165; Business & management 

o The in-game HUD icons are smaller in comparison to the actual gameplay view 

that you see. (Maximizes how much of the actual game screen you can see, so 

menus don't get in the way). Also, graphics look better/more detailed, P26; Digital 

creative 
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o I like how the better picture allows the me to pick up on small details in the game 

environment that I missed before, which is particularly important in strategy 

games for making an informed decision on what to do in the game., P113; Life, 

physical, & social sciences 

Example general dislikes comments. 

• For work 

o (If by work, it means school) It was kind of annoying that I had to buy a new 

laptop with higher res for school in order to use programs like Maya and Adobe 

Premier for class, P214; Digital creative 

o Some older applications and hardware can have issues with high resolution 

monitors due to incompatibility, P209; Digital creative 

o Sometimes the screen quality is better than the pictures original quality, P66; 

Healthcare 

o Kind of a pain in Microsoft word. There was an update recently that causes a 

"tiny cursor" error. Like, it's super hard to see. I assume a patch will come. I think 

software is having a hard time catching up with the higher resolution monitors. 

Shoot, if you're working on a 5K screen the UI might be too small to even be 

practical. You can't even see what you're clicking on because it's to tiny, P211; 

Student 

• For leisure 

o Impossible to go back to a screen with lower resolution, P204; Computer science 

& engineering 
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o Some things appear fake at times due to the perfect quality, P40; Life, physical, & 

social sciences 

o Sometimes, especially if the monitor has a high refresh rate, a movie or video can 

look almost too real, it can mess with someone if they aren't used to it, P213; 

Digital creative 

• For gaming 

o Requires more powerful (and thus more expensive) GPU hardware to play games 

at acceptable framerates unless resolution is reduced; resolution must be reduced 

to 1/4th ppi if game can't run acceptably at full (since other scaling factors don't 

map perfectly to the display's physical pixels), P167; Computer science & 

engineering 

o I like seeing as much of the actual game as I can, but again, having smaller 

icons/menus makes it a little bit harder to click on because they're so small/out-of-

the-way. Also, certain games have menus/dialogue boxes that will pop up, and 

they will be grainy/fuzzier than usual text, as if it's an image being blown up to a 

proportion it shouldn't be in, P26; Digital creative 

o Older games not designed for widescreen often won't look right unless a 

widescreen patch has been developed (typically by the fan community), P62, 

Education 

Discussion 

Overall, the results of Study 1 indicated that users, not surprisingly, perform a wide array 

of activities on their computers. Regardless of user population, the core of those activities 

included web browsing, emailing, viewing images, watching movies, TV, or videos, word 
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processing, instant messaging, and preparing presentation slides. When breaking down the 

activities by user population, activities frequently associated with a profession were commonly 

reported within the user population. For example, computer science and engineering respondents 

frequently programmed, digital creatives regularly edited photos and videos, finance respondents 

often interacted with spreadsheets and conducted data analysis, and analytic respondents often 

monitored information dashboard, interacted with spreadsheets, and conducted data analysis.  

Respondents perceived productivity improvements for every activity when performed on 

a higher-resolution display, with the exception expectation of emailing. Similar results were 

found when looking at productivity improvement comparisons by user population. User 

populations, on average, perceived 16 activities to benefit from higher-resolution application and 

only perceived two activities not to benefit. Analytics respondents were the most conservative 

group, in that they perceived only seven activities to benefit from higher-resolution application. 

They also perceived the most activities not to benefit. In most cases, respondents perceived 

activities that heavily utilized text (e.g., emailing, instant messaging, word processing, 

programming) not to benefit from higher-resolution application.   

In conjunction with the above results, grouping activities based on a shared trait helped 

identify which activities to include in the interview discussions in Study 2. Activities in the 

visual leisure, detail-heavy image manipulation, and large data set groups offer unique traits that 

would be difficult to isolate in other activities, namely that the activities require the assessment 

and manipulation of many small pieces of information, are primary activities, and generally 

require continuous attention. Furthermore, in the case of visual leisure and detail-heavy image 

manipulation activities, respondents overwhelmingly perceived these activities to benefit from 

higher-resolution. For these reasons, it is believed that users who frequently perform these types 
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of activities would provide valuable insight into the advantages of performing them on high-

resolution displays and the specific factors that contribute to those advantages.  

From the thematic analysis, results suggested that perceived productivity benefits when 

using a higher-resolution display were largely impacted by improvements to graphics quality, 

improvements to work output efficiency, and the ability to have more information onscreen. 

Improvements to graphics quality was the most frequently cited reason why respondents 

perceived productivity benefits when using a higher-resolution display. Activity attributes that 

contributed to this perception were clearer/sharper graphics, reduced eye discomfort/fatigue, the 

ability to clearly see small details, and a greater color spectrum. Improvements to work output 

efficiency generally had a moderate impact on why respondents perceived productivity 

improvements, and included activity attributes such as improved accuracy, faster output, and 

improved material comprehension. Finally, results suggested that the ability to have more 

information onscreen was slightly less impactful on why respondents perceived productivity 

improvements. Contributing activity attributes included the ability to see more content in each 

onscreen window, the ability to use simultaneous windows and see detail in each window, and 

the reduction of real estate consumed by a program’s UI.  

Looking at theme influence for activity categories facilitated a better understanding of 

how themes and activities attributes impacted activities. Not surprisingly, graphics quality was 

the most impactful theme, followed by work output efficiency and more onscreen information. 

Comments from respondents as to why activities in the text-based information communication 

group and visual leisure group were highly influenced by attributes relating to graphics quality. 

Approximately, 60% and 57%, respectively, of all comment codes from both groups referenced 

improvements to graphics quality. Additionally, both activity groups were moderately influenced 
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by attributes relating to work output efficiency (26% and 28%, respectively). These findings 

indicated that talking to user populations that perform activities from either group could be worth 

exploring in Study 2 as multiple objective methods could be identified to assess the impact of 

performing these activities on a high-resolution display.    

Respondent comments for why activities in the large dataset group were perceived to 

benefit high-resolution application were equally impacted by improvements to graphics quality, 

work output efficiency, and more onscreen information (approximately 43%, 25%, and 32%, 

respectively). Activities that make up the detail-heavy image manipulation group were equally 

influenced by attributes relating to graphics quality and work output efficiency. Thematic codes 

for both themes made up between 36–40% of all codes for activities in that group. This finding 

indicated activities within these groups are also promising activity candidates to investigate in 

Study 2 since we might be able to identify multiple advantages for using a high-resolution 

display to complete these activities. 

Respondent comments for why activities in the information gathering and generation 

group and motion-based information communication group were perceived to benefit high-

resolution application were also highly impacted by graphics quality. Sixty percent of the activity 

attribute thematic codes for the information gathering and generation group and 64% of the 

codes from motion-based information communication group related to improvements to graphics 

quality. Conversely, less than 20% of the codes from both groups included attributes from 

improvements to work output efficiency and less than 21% of the mentioned attribute related to 

more onscreen information. These findings suggest that, although these activities might benefit 

from higher-resolution application, they are not good candidates for further investigation in 

Study 2 as they are largely influence by only one theme. Being mainly influenced by a single 
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theme reduces possible methods to objectively measure the productivity impact of using a high-

resolution display.  

When asked what they liked and disliked about using higher-resolution displays, 

respondents mirrored what was found previously. Mainly, respondents liked that improved 

graphics quality gave them the ability to see everything more clearly and reduce eye strain, 

especially for small details. They also liked that they were able to improve their productivity by 

finding errors faster and easier, reading text faster, comprehending their material better, using 

bigger windows, using more windows simultaneously, and seeing more information per widow. 

Specific to leisure and gaming, participants liked that improved graphics lead to a greater 

sensation of immersion and realism when watching movies, TV, video, or playing computer 

video games. Additionally, they liked that higher-resolution displays facilitated and increase in 

visible gameplay space and being able to see small or distance objects.  

Although most respondents enjoying using a higher-resolution display, some respondents 

cited several issues they disliked about using higher-resolution displays. Firstly, respondents 

disliked the high price tag associated with higher-resolution displays. To use a high-resolution 

display, respondents had to purchase a higher-resolution display, more powerful hardware 

components, or both. Additionally, the software some respondents had to use required higher-

resolution displays, increasing their cost to do work. Secondly, respondents disliked the 

incompatibility issues when using software or images meant for lower-resolution, which often 

caused the software text or image to look stretched, blown up, or fuzzy.  

Thirdly, respondents disliked that computer or software settings made text, icons, and the 

mouse cursor small. From the comments, respondents appeared to deal with this issue until a 

patch or update fixed the issue. Respondents did not report adjusting their settings to correct this 
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problem, but it is entirely possible that they did adjust their setting when initially setting up the 

display and simply forgot about it. This also translated into gaming where some respondents 

disliked how in-game heads-up display icons and text boxes could be too small to easily click on 

or read. This finding directly contradicts their previously mentioned preference for small in-

game heads-up display icons and text boxes. So, in this particular case, it appears that higher-

resolution is both an advantage and a hindrance depending on the current situation happening in 

the game. 

Finally, respondents disliked that higher-resolution displays tended to make movies, TV, 

and videos appear fake or too life-like, which seemed to startle those respondents who were not 

aware of this issue. Most interesting, however, was that some respondents disliked how higher-

resolution display made it impossible to enjoy using lower-resolution displays. For these 

respondents, the improved graphics quality, efficiency, and screen real estate made using lower-

resolution displays less enjoyable and satisfying.  

 In summary, results from Study 1 suggest that most effective way to explore the 

advantages of using high-resolution displays to complete tasks and the factors that contribute to 

those perceived advantages is to talk with users who frequently perform tasks that rely heavily 

on graphics, require the processing of a lot of information, primarily use small details, and must 

be continuously assessed for accuracy. Based on the survey results, activities that fit these 

criteria include digital creative tasks, model rendering tasks, computer video games, and large 

dataset tasks.  

Limitations. One major limitation of this study was the sample size of some activities. 

Digital illustrations, 3D modeling, architecture activities received high beneficial marks, but 

were not equally represented in the sample, 27, 20, and 10 respondents respectively. The results 
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of the survey suggested that these activities greatly benefit from higher-resolution application, 

but more data is required to fully assess the impact of performing these activities on higher 

resolution displays. Additionally, programming/coding was not perceived by many respondents 

to benefit from higher-resolution application (69.44%). Programming/coding was also 

underrepresented in the sample (n=36) and shared traits with other large dataset activities. More 

data is also required on this activity to fully assess the impact of performing it on higher 

resolution displays. 

Another limitation of this study was the brevity  of the qualitative responses in the 

survey. Because of the length and depth of this survey, it is possible that the depth of the 

responses suffered as respondents grew more fatigued and less motivated to supply fully fleshed 

out responses to each question. Respondents were asked to provide a short-answer reason each 

time they indicated productivity improvement on higher-resolution. In total, respondents were 

able to answer 20 questions of this type (25 if they chose to write-in 5 additional activities). 

Respondents were not able to leave one of these questions blank, but they were able to respond 

with “N/A” in some form. To help remedy this problem, qualitative questions were given in a 

random order. However, out of a total of nearly 1200 qualitative responses, 9.5% were either 

“N/A” or “nothing”, reducing the number of informative responses. Survey responses were still 

able to inform the necessary decision for Study 2, however some activities, especially those with 

lower performance numbers, were less informed than others.   
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CHAPTER 4 

 

STUDY 2: INTERVIEWS EXPLORING THE ADVANTAGES AND FACTORS THAT 

CONTRIBUTE TO PERCEIVED ADVANTAGES OF HIGH-RESOLUTION DISPLAYS 

 

Purpose 

 Findings from Study 1 revealed several promising tasks and user populations to examine 

more closely in Study 2. Specific task attributes to focus on included: graphic-intense, large 

amount of information processing, small details, and tasks that need require constant accuracy 

checking. These attributes translated to tasks that included digital creative tasks, model rendering 

tasks, computer video games, and large dataset/information tasks, as each of these user 

population tasks fit at least one of the task attributes. User populations that perform these types 

of tasks included: digital creatives (i.e., video and photo editing, animation, graphic design), 

engineers or architects, computer video game players, and software developers. 

 The purpose of Study 2 was to fully explore these user populations, and the tasks they 

perform, to build an understanding of the mechanisms that impacted user productivity and 

experience when using high-resolution displays. Furthermore, Study 2 focused only on actual 

high-resolution display users. This ensured that perceived advantages and disadvantages come 

from actual users, rather than individuals who only heard about the benefits of using high-

resolution display. These findings helped us pinpoint the specific task attributes that were 

empirically examined in Study 3. Additionally, the findings helped us develop tasks that not only 

realistically reflected the work (or types of games) users performed, but also to create tasks that 

were designed to incorporate the task attributes most benefitted from high-resolution application. 
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Study 2 aimed to answer the following research questions: 

1. What are the specific tasks and software these user populations use to complete work 

and leisure tasks and what are the detailed steps to complete those tasks? 

With this question we hope to be able to fully understand the detailed steps and 

users take to complete a task and the specific software they use, which will help us 

build a truly representative task for the empirical comparison in Study3. 

2. What are the perceived advantages to completing those tasks on a high-resolution 

display and why do they perceive those advantages? 

Based on findings from Study 1, it is expected that the perceived advantages 

mentioned by users will primarily reflect improvements to graphics quality.  

3. What are the perceived disadvantages to completing those tasks on a high-resolution 

display and why do they perceive those disadvantages? 

Additionally, it is expected that disadvantages will primarily reflect the cost to 

acquire a high-resolution-capable computer and initial incompatibility problems faced 

by users with first use, such as scaling and “too real’ graphics. 

4. Is a using a high-resolution display compatible with their work and work flow? 

Work by Rogers (1995) emphasized that it is important to understand how new 

technology fits with the needs of users in order to properly gauge how well it will be 

adopted. As high-resolution displays are the next level of innovation for display 

technology, using components of Rogers’ Theory of Diffusion of Innovation will 

allow us to better understand if and how high-resolution fits the needs of users, or if it 

is simply a passing interest.  

5. What were their reasons for initially getting and using a high-resolution display? 
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Similarly, exploring the reasons a user wants a high-resolution display over the 

traditional resolution will help us understand the features of high-resolution displays 

that match user’s needs.  

Method 

Participants. Participants were recruited locally from Wichita State University (WSU) 

and the surrounding community, as well as remotely from across the United States using online 

advertisements, newsletter advertisements, phone calls, email, and word-of-mouth. WSU 

participants were recruited through two university-wide avenues: the faculty newsletter 

(distributed daily) and the student newsletter (distributed every other day). Additionally, WSU 

undergraduate participants were recruited from the online experiment management system, 

SONA Systems. Local community and remote participants were recruited through social media 

(i.e., Facebook, Twitter), display technology or profession-related websites and forums (e.g., 

Reddit.com), phone calls, email, and snowball sampling. Participants were asked to fill out a 

screener survey via Qualtrics to assess interview participation eligibility (see Appendix H). 

Participants recruited from SONA were granted eight course credits for their 

participation. Participants recruited through all other avenues were awarded $25.00 USD for 

their participation. Additionally, snacks and beverages were provided during the sessions for all 

in-person participants. 

Participants in Study 2 were required to satisfy 3 criteria: (1) they identified as computer 

video game players, digital creatives, engineers or architects, and software developers; (2) they 

were current users of high-resolution computer displays, and moderate computer users of at least 

5 hours of computer use per day; and (3) were age 18 or older and fluent English speakers.  
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Using these criteria, a total of 18 individuals participated in the interviews (10 males and 

8 females). The average age of participants was 27.06 (SD = 6.98) and ranged from 18–43 years. 

Participants were recruited as one of the four user populations mentioned above based on the 

information provided in the screener: four engineers/architects, three digital creatives, nine 

gamers, and two software developers, see Appendix I for a detailed breakdown of participant 

demographics.  

Materials. A series of guiding questions were used to collect qualitative data regarding 

participants’ thoughts and experiences regarding high-resolution computer displays. Specifically, 

the guiding questions asked about activities frequently performed on high-resolution displays, 

software programs used, perceived benefits and detriments of using a high-resolution display, 

thoughts of high-resolution displays prior to use, perceived value, and demographics. See 

appendices J–M for the full set of guiding questions for each user population. 

Example questions included: 

1. Why did you initially start using a high-resolution display for gaming? 

2. Do you notice a performance advantage or benefit when using a high-resolution display? 

Please explain. 

3. Do you notice a performance disadvantage or decrement when using a high-resolution 

display? Please explain. 

4. Can you give an example of how using a high-resolution display changed your game 

play/work flow compared to a lower resolution display? 

5. Is using a high-resolution for gaming compatible with how you like to game? Please 

explain 
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Questions pertaining to understanding their thoughts and perceived value of high-

resolution displays were developed from Rogers’ (1995) Theory of Diffusion of Innovation. 

Rogers’ theory tries to predict if a technology will be adopted based on four key components: the 

innovation, the communication channels, the time, and the social system. This method considers 

the cognitive and affect (i.e., emotional response) of innovative technology, as well as the 

innovation itself, how the ideas and knowledge of the innovation are spread, and the influenced 

of society on adoption. The questions included in this study focus on understanding how ideas 

and knowledge about high-resolution displays are spread (i.e. prior thoughts) and how that 

affects users’ desire to use these displays (i.e., perceived value) user population. 

Procedure. A screener survey was distributed to locate eligible participants. Participants 

were assembled into small groups of 2–4 members prior to participation based on their 

profession/major or engagement in video game playing (i.e., groups comprised of members of 

the same profession or all video game players). Otherwise, discussion sessions were conducted 

as single-participant interviews. In total 12 discussion sessions were conducted. Eight discussion 

sessions included only one participant. Three sessions included two participants. One four-

person focus group session was conducted.  

At the start of each discussion session, participants were asked to read and sign a consent 

form and media release form, as well as directed to the table of refreshments. Participants were 

then briefed on the purpose of the study. After the study introduction, participants were asked 

questions from the list of guiding questions using a semi-structured interview technique. 

Additionally, follow-up or probing questions were asked throughout the session in situations 

where more elaboration was needed to better understand a participant’s experience or when a 

response was not clear to the researcher or notetaker. In situations where more than one 
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participant was present, questions were sometimes directed to quieter members before asking 

more talkative members. This was done to ensure full group participation.  

Before the end of each session, the researcher summarized and read back the participants’ 

comments. This was used as a form of member-checking the data for clarity and accuracy of 

their sentiments on using high-resolution displays. This also served as a way to summarize the 

essential points of the discussion session for data analysis, i.e., perceived advantages and 

disadvantages. Discussion session lasted approximately 90–120 minutes. Upon completion, 

participants were thanked for their participation and compensated. 

Measures. Measures collected in this study were related to using a high-resolution 

display for work and for playing computer video games (only if they specified performing this 

activity). Measures included: tasks and activities performed, software programs used, video 

games played (genres and titles), perceived work and game playing productivity benefits and 

detriments (e.g., productivity, output quality, experience), especially when compared to using a 

full-high-definition monitor, general likes and dislikes, preferred and non-preferred activities, 

and observed pain or discomfort when a using high-resolution display. Demographic information 

collected included: age, profession and responsibilities, daily and weekly average computer use, 

computer specifications, and computer video game playing habits.  

Data analysis. Data from the discussion sessions was analyzed using the grounded 

theory approach (Corbin & Strauss, 1990; Glaser, Strauss, & Strutzel, 1968; Strauss & Corbin, 

1994). Grounded theory is a qualitative method that uses interviewing and analysis techniques, 

with explicit emphasis on conceptual development, to focus data in order to generate a theory 

(Charmaz, 2014). The simultaneous and iterative process of data analysis allows researchers to 

identify and address possible embellished, fabricated, or misleading information (see Figure 15). 
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Figure 15. Charmaz’s (2014, p. 88) processes of grounded theory approach. 

 

Using grounded theory, discussion memos/field notes and transcripts of the discussion 

sessions (the data) were coded passage-by-passage and broken down to create distinct initial 

concepts. Initial concept coding was provisional, action-oriented, and closely grounded in the 

data to avoid applying pre-defined categories and to focus on the action of the data (Charmaz, 

2014). Next, initial concepts were focused coded. Focused coding sorted and analyzed initial 

concepts to form tentative, more conceptual thematic subcategories. The constant comparative 

method was on new data to assess it for similarities, differences, and gaps to the concepts and 

tentative subcategories already defined (Glaser et al., 1968). Adjustments to previously defined 



88 

subcategories and additionally concepts were made as patterns confirmations, variations, and 

deviations emerged.  

During the process of focused coding, the subcategories were assessed using axial 

coding, in which the properties and dimensions of a category were specified. “Axial coding 

relates categories to subcategories, specifies the properties and dimensions of a category, and 

reassembles the data you have fractured during initial coding to give coherence to the emerging 

analysis” (Charmaz, 2014, p. 147). In other words, the process of axial coding linked categories 

with subcategories and addressed how they were related by asking the defining questions when, 

where, why, how, and with what consequences. This, in turn, encouraged more systematic code 

making and analysis (Charmaz, 2014; Corbin & Strauss, 1990; Glaser et al., 1968; Strauss & 

Corbin, 1994).  

The process of focused coding and axial coding also highlighted points in the analysis 

where information had reached saturation and where information was lacking. Theoretical 

sampling was employed to fill in the gaps of the story. “This strategy… means seeking and 

collecting pertinent data to elaborate and refine categories in your emerging theory” (Charmaz, 

2014, p. 192). In situations where participants echoed attitudes from previous sessions, the 

researcher did not continue to deep dive into those attitudes. Instead, the discussion proceeded to 

subsequent questions and to questions where information was sparse. Additionally, more 

information could be gathered to expand emerging pattern deviations. This process ensured a 

richer and deeper understanding of how high-resolution displays affect users’ perceived 

productivity benefits.  

Following focused coding, relevant categories were grouped together and subjected to 

further abstraction to form thematic codes. Thematic codes were substantive codes that 
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conceptualized how overarching categories related to one another “as hypotheses to be integrated 

into a theory” (Charmaz, 2014, p. 150). This process used inductive development, where the 

final theoretical concepts were generated based on the data itself, rather than how well the data 

compared to other theories (i.e., deductive assessment), see Figure 16.  

 

 
Figure 16. Iterative coding and refinement process of inductive grounded theory data analysis. 

 

In the case of this study, the theoretical concepts were used to identify the factors of 

performing an activity on a high-resolution display that lead to perceived improvements to 

productivity, as well as the attributes of specific user populations and activities that benefited 

from high-resolution application. This information was used in Study 3 to highlight the user 

populations that may gain the most benefit from using high-resolution displays. Additionally, 

this information was used to develop representative experimental tasks specifically designed to 

target the activity attributes that lead to perceived productivity improvements. Figure 17 and 

Figure 18 show examples of how information from the interviews were coded to generate themes 

and sub-themes.  
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Figure 17. Sample of coding sheet for gamer participants.  

 

Figure 18. Sample of coding sheet for digital creative participants.
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Results 

Study 2 was conducted as an in-depth, exploratory investigation of the advantages that 

exist when using high-resolution displays to complete work and leisure tasks, and the factors or 

attributes of those tasks that lead to the perceived advantages. To understand the experience from 

the users’ perspectives, inductive grounded theory analysis was conducted on the qualitative 

data. One researcher and one research assistant coded the data into initial conceptual categories. 

Both coders were made aware of the purpose and goals of the study. A detailed description of the 

coding process can be found in Appendix N.  

Initially, participants were grouped into four user populations based on information 

provided in the screener survey: gamers, digital creatives, engineers/architects, and software 

developers. However, the discussion sessions revealed that group membership was not mutually 

exclusive. During the interviews, some participants reported frequently performing activities that 

were associated with another group. In these cases, group membership overlapped with another 

group and participants were dual-categorized accordingly. Five participants in total reported 

activities that overlapped with another group. One participant was categorized as an 

engineer/architect and a digital creative, and four were categorized as a gamer and a digital 

creative.  

Unfortunately, the engineer/architect and software developer user populations suffered 

from a lack of representation in the sample. It was revealed during the discussion session that 

two participants in the engineer/architect group were new to their education training and were 

unable to provide sufficient information relating to how they use high-resolution displays to 

complete engineering work. This reduced the amount of data for this user population to only 

include two participants. Furthermore, only two participants-worth of data could be collected for 
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the software developer user population. Due to this, engineer/architect and software developer 

user populations were not included in the grounded theory data analysis. Thus, the final code 

framework is made up of two user populations: gamers (n = 9) and digital creatives (n = 8). 

The grounded theory analysis resulted in 55 total unique initial codes; 36 codes were 

shared between the user populations, 8 were exclusive to the gamer group, and 11 were exclusive 

to the digital creative group, see Appendix O for codes and descriptions. The same five themes 

emerged across both groups: Demographics, Attitudes toward use, Advantages, Disadvantages, 

and Moderators. Furthermore, 78% of all sub-themes overlapped both user populations. Figure 

19 and Figure 20 detail the breakdown of themes and sub-themes for each user population.  
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Figure 19. Breakdown of themes for gamer participants. 
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Figure 20. Breakdown of themes for digital creative participants. 
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Demographics. Demographics referred to the participant’s computer setup and how they 

use their computer. Demographics included information regarding the duration and frequency of 

using a high-resolution display, the tasks and activities frequently performed, the participants’ 

computer system (settings and layout of the computer and software, the current display, the 

current hardware), and their computer preferences (display size, refresh rate, setup). 

Attitudes towards use. Attitudes towards use referred to how participant’s perceived 

using high resolution computers for work and leisure tasks. This theme consisted of three sub-

themes: motivations, barriers, and value and compatibility. Motivations emphasized the reasons a 

participant chose to use high-resolution displays, especially prior to first use. Barriers highlighted 

the obstacles participants had to contend with once they made the choice to use high-resolution 

displays. Some obstacles were known prior to first use; others were discovered later. Value and 

compatibility focused on the degree to which the motivations for use matched the tasks, 

activities, and work or play style of the participants.   

Moderators. Moderators referred to confounding variables that made it difficult for 

participants to isolate the impact of high-resolution from other factors. Moderators included three 

sub-themes: computer attribute interference, large displays, and perfectionists.  

Advantages. Advantages referred to the measurable productivity benefits of using high-

resolution displays. Similar to the results from Study 1, four sub-themes emerged: better 

experience (improved enjoyment, emotional impact, and realism), improved efficiency (faster 

task completion, improved machine performance, and accuracy), improved graphics quality 

(improved color quality, small detail visibility, text quality, UI and icon visibility, visual clarity, 

and visual fatigue), and improved multitasking (simultaneous windows and more onscreen 

information).   
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Disadvantages. Disadvantages referred to the productivity frustrations and detriments of 

using high-resolution displays. Disadvantages included three sub-themes: low/no productivity 

effects (low impact on performance), worse efficiency (text too small), and worse graphics 

quality (soap opera effect and worse UI & icon visibility). It is important to note that codes 

related to this theme were not disadvantages by the traditional definition. In the case of this 

theme, codes related to disadvantages were more analogous to frustrations and mild annoyances 

when using high-resolution displays, especially for the first time. However, because codes in this 

theme detracted from an otherwise positive experience using high-resolution displays, they were 

considered disadvantages. Not surprisingly, very few disadvantages were reported.  

Gamers. 

Demographics. All of the gamer participants have been using high-resolution displays for 

at least a year. The participants also reported using their display almost daily, averaging 1–4 

gaming hours during the week and 4–8 during the weekend. The participants reported playing a 

variety of game genres and titles on high-resolution displays (see Appendix I), but stated game 

titles, such as Skyrim (adventure role-playing game), Starcraft (real-time strategy), Star Wars 

Battlefront (action first-person shooter), War Thunder (massively multiplayer online), were the 

most appropriate to play on high-resolution. All of these games include highly-detailed graphics, 

barely perceptible details, or the need to see small details. Other frequently mentioned activities 

included: watching movies, TV, or videos, using Microsoft office, browsing the web, doing 

digital creative work. 

 The majority of gamers interviewed used traditional display sizes (22–31 inches), 

however, two participants used high-resolution laptops (15–17 inches) and two others used large 

TVs as their computer display (42–55 inches), see Appendix I for a detailed breakdown. 
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Participants reported the preferred display size to be between 28–32 inches for those who prefer 

traditionally-size desk displays, or 50 inches or larger for those who preferred to use TVs as their 

display. For gaming, most participants preferred high-resolution displays that could maintain 60 

frames per second (fps) at 144 Hz refresh rate, as both of these would ensure a smooth gaming 

experience.  

Attitude toward use. The two primary motivations for participants in the gamer group to 

use high-resolution displays were the need for high-details graphics and the need for a powerful 

computer. Neither of those motivations were mutually exclusive, as participants often expressed 

both motivations. Furthermore, both attributes often went hand-in-hand as a powerful computer 

was able to push the graphics necessary to run high-resolution displays, especially 4K displays. 

Additionally, long-distance gamers (i.e., snipers) were motivated to use high-resolution displays 

because of the ability to clearly see details in the distance. Three gamer participants reported 

neutral motivations for using high-resolution displays to game but chose to get high-resolution 

based on a peer’s recommendation.  

The central barrier to using high-resolution displays focused on the expense of high-

resolution-capable computers. Participants, especially the 4K users, emphasized that, along with 

purchasing high-resolution-capable displays, they were also required to purchase expensive 

hardware upgrades, such as powerful graphics cards and central processing units, before high-

resolution gaming would be possible. Currently, high-end 4K-capable graphics cards ranged 

from $370 to just under $1200 (Burek & Stobing, 2019). However, participants commented that 

powerful graphics cards were only required for gaming at 60 fps or more with high or ultra in-

game graphics settings. Cheaper 4K-capable graphics cards were acceptable for gaming with 30 

fps or with graphics settings turned down.  



98 

For some participants, the cost associated with high-resolution gaming was justified as an 

investment to future proofing their computer system, which lead to them adopting high-

resolution displays shortly after it became commercially available. Other participants waited for 

prices to drop on hardware components or settled with lower-end high-resolution capable 

computer systems.  

Generally, participants perceived high-resolution displays valuable and compatible with 

their needs. Some participants felt that high-resolution displays were valuable for cinematic, 

story-driven games and it made the games feel more realistic and immersive, especially for 

Triple-A games, “large-scale, epic games with multimillion dollar budgets” (Collins, 2013, p. 

vii),  that utilize a lot of texture detail in their game. However, participants who played game 

competitively (i.e., competitive gamers), felt that high-resolution was not valuable or compatible 

with their play style as they turned graphics setting to the lowest setting in order to boost their 

computers processing power.  

Moderators. In the case of the gamer group, large displays was the only moderator that 

emerged. When trying to assess the impact of using a high-resolution display to play video 

games, the two gamer participants who played game on large, high-resolution displays 

occasionally found it difficult to attribute the benefit of using a high-resolution display from 

simply using a large display.   

 Advantages. The foremost productivity benefit gamers perceived when using high-

resolution displays to game was the improvements to graphics quality, specifically to visual 

clarity. Every participant stated that graphics looked clearer and sharper, texture edges were 

more easily defined, and shapes looked smooth instead of jagged. Moreover, improved color 

quality was also mentioned where colors looked more vibrant and realistic, which helped 



99 

participants see more of the detail in games. Improved visual clarity and color quality lead to the 

increased visibility of small or far away details in games. Participants mentioned being able to 

see hidden details in games they previously didn’t know existed.  

Furthermore, participants mentioned that improvements to graphics quality also lead to 

the increased visibility of onscreen text, especially in video games with chat windows, and the 

improve clarity of the in-game menu UI and icons. Participants reported that text was sharper 

and easier to read and that chat windows took up less screen space in games. Improvements to 

text and menu visibility, along with improvements to visual clarity, also reduced symptoms of 

visual fatigue and discomfort in that visual fatigue set in later, which allowed the participants to 

use their computer for longer periods of time compared to if they were using a 1080 resolution 

display. In spite of this, participants felt that improvements to text and menu visibility were less 

impactful on their overall productivity. 

The second productivity improvement sub-theme to emerge was improved efficiency, 

primarily by way of improved machine performance, faster task completion, and increased game 

playability and variety. These efficiency improvements were mainly a result of simply having a 

faster, more powerful computer due to upgrading to a high-resolution compatible computer 

system (e.g., faster processors, more memory). Participants mentioned that they were able to 

respond to in-game stimuli faster than when using 1080 resolution displays. Also, participants 

now had the capability to play game titles and game modes or classes exclusive to high-

resolution gaming, which increased their game playability and variety. Improved task accuracy 

was also reported by participants who played games that require precise target acquisitions (e.g., 

sniper first-person shooters).  
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Improved multitasking ability was another productivity benefit reported by half the 

gamer participants, primarily by allowing them to easily use simultaneous windows and by 

increasing the amount of information onscreen. Simultaneous windows permitted participants to 

have the gaming window up on one part of the screen and a guide or video up one another part of 

the screen. Increasing the amount of information onscreen made it easier for some participants to 

switch between the mini map and large world map, as well as view more of the game world at 

one time.  

Finally, every gamer participant mentioned having a better experience playing games on 

their high-resolution display. This was primarily a result of the improved enjoyment they felt 

from experiencing their games on high-graphic settings. Using high settings, or higher setting 

than they could achieve on a 1080 monitor, made the participants feel more immersed in the 

game world and allowed them to experience elements of the game as if they were real life, such 

as water physics and sunlight. To a lesser extent, a better overall experience emerged as a result 

of an improved emotional impact high-resolution gaming had on some participants, especially 

when playing games previously played at 1080 resolution.  

Disadvantages. The most frequently mentioned disadvantage was the lack of productivity 

improvements (i.e., task accuracy and faster completion). Most participants were unable to recall 

specific incidences of productivity improvement when gaming on high-resolution displays. One 

participant reported that their actions-per-minute increased as a result of playing Starcraft on 

high-resolution, but this was the only case. Similarly, half the participants reported a lack of 

noticeable visual improvements for 8-bit, low-texture games.  

The “soap opera effect”, small-sized cursor, small text, and small UI and icons were the 

only hindrances participants noticed when using high-resolution displays. The soap opera effect 
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is the result of a default technique used by modern displays for smoothing motion (motion 

interpolation) when displaying a video at a higher frame rate then its original frame rate 

(Morrison & Katzmaier, 2018). For some participants, the motion smoothing resulted in 

unwanted hyper-realistic visuals. However, the participants that perceived the soap opera effect 

stated that it went away after a couple of uses and after changing the settings on their display. 

Additionally, participants that used large, high-resolution display and those that used older 

operating systems (e.g., Windows 7) reported that, initially, the mouse cursor, onscreen text, and 

UI and icons were too small to easily see and track, but participants were able to resolve these 

problems quickly by changing the scaling settings within their displays.  

Digital Creatives. 

Demographics. All of the digital creative participants reported using high-resolution 

displays for at least three years. The participants reported using their display almost daily, 

averaging 2-3 hours a day for simple tasks and 5-10 hours when working on digital creative 

work. They represented a variety of digital creative professions: four graphic designers, one 

video production educator, one video game designer, one researcher, and one web developer. 

The video production educator and the video game designer mainly worked on dynamic digital 

creative work (e.g., video editing, motion animation). All others mainly worked on static digital 

creative work (e.g., logos, vector graphics, photo editing). Software frequently used included 

Adobe Creative Cloud programs for 2-dimentional work (Illustrator, Photoshop, Lightroom, 

InDesign, Premiere Pro, and After Effects) and Autodesk (Mudbox and Maya) and the public-

source program Blender for 3-dimentional work. Other mentioned activities included: watching 

movies, TV, or videos, using Microsoft office, browsing the web, coding, and playing PC video 

games. 
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Every digital creative participant used both personal laptops and employer-provided 

desktops to complete their work. Participants used traditional display sizes for desktop systems 

(24-32 inches) and small to large sizes for laptops (13-18 inches), see Appendix I for a detailed 

breakdown. Participants reported the preferred desktop display size to be between 24-27; they 

were content with the display size of their laptops, as a smaller size made it easier for traveling. 

Most participants used a dual monitor setup at work, however, three participants did not. They 

expressed the preference for a dual-monitor setup. Two preferred an additional vertical monitor, 

but the video game designer wanted an additional horizontal display for more natural drawing 

(i.e., a Wacom Cintiq).   

Attitude toward use. The principal motivation for using a high-resolution display was 

that high-resolution displays are considered industry standard technology for digital creatives, 

especially high-resolution displays coupled with the Apple operating system. Two additional 

motivations for participants in the digital creative group to use high-resolution displays were the 

need for high-details graphics and the need for a powerful computer. Digital creatives who 

primarily did 2-dimential work were motivated by the need for high-details graphics in order to 

be able to clearly see all assets of their projects. However, those who largely did 3-dimential 

work were more motivated by the need for a power computer since video production and 3-

dimential rendering generated large file sizes and required the processing of a large amount of 

data. The final motivation for using a high-resolution display related to the participants’ 

reluctance to downgrade to a low-resolution display after experiencing a high-resolution display.  

 Barriers for digital creatives were mentioned less frequently than they were for the gamer 

group. One barrier for digital creatives was incompatible technology, including incompatible 

external displays and incompatible software. Often, when presenting their work, digital creatives 
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had to connect their personal laptop to an external display such as a projector. In these cases, the 

external display was often a lower resolution and had poor color calibration, which negatively 

affected the size of text and icons and how their creation looked. Participants would have to 

adjust their computer settings prior to presenting or disconnect from the external and present 

form their laptop. Software incompatibility was more of a barrier when high-resolution displays 

were first commercially available but have become less of an issue now as operating systems are 

better able to scale resolution.  

Similar to the gamer group, another barrier to using high-resolution displays focused on 

the expense of high-resolution-capable computers. However, since the participants in the digital 

creative group were provided high-resolution displays by their employer, the cost associated with 

high-resolution-capable computers was less of a barrier. Participants were most affected when 

looking to purchase personal laptops but justified the cost as a future-proofing investment.  

Participants perceived high-resolution displays to be valuable and compatible with their 

needs. Participants were able to clearly see all the details in their projects and easily make 

corrections to ensure their final product was high-quality. Additionally, using a high-resolution 

display meant the resolution of the display was compatible with the source material used for a 

project. When video or photo editing, a high-resolution display showed all the necessary details 

in high-resolution sources for easy color, saturation, and luminance corrections. Although these 

tasks were still achievable on low-resolution displays, the participants had to rely on their 

knowledge of what the correction should look like and use the tools in software programs to 

make the corrections without being able to see the exact final product.  

Moderators. In the case of the digital creatives group, interference from other computer 

factors was the only moderator to emerged from the interviews. When trying to judge the 
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productivity impact of using a high-resolution display to complete digital creative work, four 

participants found it difficult to isolate the influence of display resolution from the influence of 

switching between operating systems or between computer display sizes.  

Advantages. Reiterating the advantages found in the gamer group, the primary 

productivity benefits digital creatives perceived when using high-resolution displays was the 

improvements to graphics quality. Participants recounted how much cleaner and sharper source 

material appeared and that traced and drawn lines looked more natural, like pen on paper. Due to 

the improved clarity, small details and text were more easily visible, which afforded easier, 

faster, and more accurate point and error location.  

Moreover, improved color quality also allowed participants to create more vibrant and 

realistic graphics. Improved color quality also made it easier identify areas the needed color 

balancing or situations where colors would not contrast enough to be distinguishable. Finally, the 

increased visual clarity, small detail and text visibility, and improved colors reduced the onset of 

visual fatigue and discomfort.  

A second major advantage cited by the digital creative participants was improved 

efficiency, which improved task accuracy, included faster task completion, easier vector point 

creation, improved color matching and correction, and improved machine performance. Using 

high-resolution displays, participants were able to accuracy click on their intended target the first 

time, which was beneficial when editing cluttered vector points. Additionally, because of the 

increased visibility of small detailed, participants reported being able to create new vector points 

more easily, as well as find and correct traced curved lines, vector point locations, and image 

luminance faster and more accuracy. Participants also stated being able to color match or color 

correct more accurately due to the greater color spectrum range high-resolution can display. 
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Improved machine performance was also cited as a reason for improved effect, but only 

for the participants that worked on dynamic digital creations (i.e., video editing and animation). 

Editing and producing videos and creating animations for video games involved the processing 

and rendering of many very large assets files. Since their high-resolution computer was more 

powerful, the computer was able to process those files faster, meaning that participants could 

move on to the project section and produce the final project sooner. 

Another key advantage to using high-resolution displays mentioned by the participants 

was their improved ability to multitask. The participants were able to view more information 

within their artistic programs. Many of the programs digital creative use have a dedicated space 

for their artboard or canvas, their toolbars, and their other project assets. Participants were able to 

easily and clearly display all those necessary components without sacrificing space, visibility, or 

usability. Moreover, participants were able to easily view all information at the same time 

without the need to zoom or scroll as frequently. Additionally, when using their desktop 

computers, participants were able view their artistic software and source material 

simultaneously, however, the participants stated that there was rarely a need to have both visible 

at the same time.  

Finally, digital creative participants reported having a better experience creating and 

viewing their images, graphics, video games, and videos on high-resolution displays. Improved 

enjoyment was the most prominent factor to a better experience. Participants were excited to see 

the vibrancy and range of color portrayed in their photos and videos, as well as satisfied by the 

amount of detail they are able to add to their creation. Additionally, participants mentioned being 

able to improve the intended realism of their photos and videos, which in turn, improved the 

intended emotional impact of their work.  
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Disadvantages. The most frequently mentioned disadvantage was that digital creations 

look worse on lower-resolution. If participants were aware that colors and contrasts would not 

look the same, participants performed a final check on the lower-resolution display to ensure 

colors would be disguisable from each other; others simply relied on hex code or color values. 

Initially, the need to recheck colors before presenting did slow them down, but eventually they 

learned what colors worked and which ones to avoid. Participants also reported that the intendent 

emotional impact of digital creation fell flat as a result of being displayed on lower-resolution.  

Similar to the gamer group, the lack of significant productivity improvements was 

mentioned disadvantage by the digital creative participants. Participants found it difficult to 

recall situations where their productivity was substantially improved by using a higher-resolution 

display. For example, a participant recalled an edges case,  (i.e., rare situation) when aligning 

elements of an image where the snap-to function was unavailable because of other interfering 

elements. Furthermore, digital creative participants also reported productivity interferences from 

the soap opera, small-sized cursor, small text, and small UI and icons. However, theses 

interferences were reported more as annoyances, and participants were able to change computer 

settings to counteract the annoyances.  

Participant quotes corresponding with themes and sub-themes can be found below: 

Gamers. 

• Attitude toward use – Barriers: “It’s extra money, and I’m a poor college student. I don’t 

want to invest that much money in the monitor and the computer, like the graphics card 

and all that stuff,” P7.  

• Attitude towards use – Expensive: 
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When I bought my 4K TV if it had been $1000 dollars and the only other option was 

a 1080, I would have spent the extra money to get the 4K. I wouldn’t see any reason 

to go with the lesser technology since I’d want to buy the newer one the very next 

year. Now I have this TV that will last me many more years to come, P1. 

• Attitude towards use – Expensive: “I usually wait as long as I can. I don’t want to spend 

the money for one. And usually, what I have is more than adequate for what I need,” P2. 

• Attitude toward use – Valuable: “I want to play more story-driven games, like Bioshock 

Infinite, where there’s cut scenes and really beautiful environments,” P3.  

• Attitude toward use – Not valuable: “Typically, when I play PC [games] it’s to play 

competitive multiplayer online…. I don’t think I would pay for a 4K monitor so I can 

turn my graphics down to low,” P5. 

• Moderators – Large displays: “On a computer [monitor] it’s real easy to understand the 

resolution, but on a [large] TV, the resolution doesn’t really make a difference,” P2. 

• Advantages – Improved graphics quality:  

They add little doodads, like, there this one map in Starcraft where you’re doing a 

bunker down against an alien invasion, and in the back of the alien invasion they 

actually put in a port-o-potty just for fun. Like, no one is using it; there’s no game 

play ramifications what so ever, but they just put it in there because why not. I didn’t 

notice that until playing on my 4K, P9.  

• Advantages – Improved graphics quality: “I need to be able to really quickly read what’s 

happening … because I can’t afford much of the UI space for that [chat window],” P3. 

• Advantages – Improved efficiency: There are probably games now with the new [4K] 

resolution that likely on my old laptop I just wouldn’t have been able to play. … The new 
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Total War game with their updated graphics I don’t think it would have even played on 

my old computer, P7. 

• Advantages – Improved multitasking: “Literally see more of the map, which is helpful 

when you’re in a game like Starcraft 2 and you’re scouting and giving commands,” P7. 

• Advantages – Better experience:  

With first-person shooters, there was this game I played called Dust 514... For the 

first time ever in a game I had a flight or fight response from hunting another sniper. 

Me and another hunter were hunting each other across this huge map, and I had 

narrowly avoided dying from him shooting me from an unknown location. I relocated 

and I start scanning for him and I see him all the way on the other side of the map and 

he is totally looking in the wrong direction. He doesn’t know where I am AT ALL, 

and my heart start racing. I feel that adrenalin spike like I was actually involved in 

combat and that was kind of exhilarating. … I had never felt anything like that to that 

degree before, P1. 

• Disadvantages – Low/no effect: “8-bit games like, Limbo, I don’t think would really 

benefit from a 4K display because they’re simple textures, simple backgrounds. Like, so 

what? You have 4K. It doesn’t do anything for you,” P3. 

• Disadvantages – Worst efficiency: “It’s not that big of a problem, but, you’re like, 

moving your head across the screen and moving your mouse to find [the cursor], and it 

makes me feel like such an idiot,” P2.  

Digital creatives. 

• Attitude toward use – Motivations: “Yeah, so far that I’ve experienced. … Like all 

graphic designers are Mac, everybody’s Mac,” P13. 
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• Attitude toward use – Motivations:  

Like sushi… the first time you have it, you don’t really know what’s good or bad. 

And once you have really good sushi and you go back to something that isn’t so 

good, you can now understand what the difference is. There’s a similarity with the 

visuals. I couldn’t tell you exactly what it is but, if I go back to a regular resolution 

[1080], I’ll start noticing things that weren’t as clear and that would bother me, P3. 

• Attitude toward use – Barriers:  

I mean, when I first got it the resolution was higher than what software and other 

things were actually offering. So, I was really disappointed when I first got it because 

everything looked horrible on the display. But then I realize it’s not because of the 

display, it’s because a lot of the things I was using, they hadn’t actually created 

updates to handle the higher resolution, P11   

• Attitude toward use – Valuable: “Especially whenever I’m editing stuff for a webpage. It 

makes a big difference that what you’re seeing on your monitor is going to be better 

quality or equal to what other people are going to see on their monitors,” P10. 

• Attitude toward use – Not valuable:  

You just have to know that your screen probably isn’t showing you true colors or true 

exposure. So, you have to go based on like light levels that you can see on your 

monitor or go by pantone colors and stuff like that. So, you have to rely on a different 

set of skills to know that your colors look great even if you can’t see it, P12. 

• Moderators – Computer attribute interference: “Just, like, because my screen is bigger 

than before. So, it’s hard to, like, answer these questions, because I’m not sure if it’s 
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better because of the resolution or just because [my computer] is faster and just newer 

and bigger,” P11. 

• Advantages – Improved graphics quality: “When there’s the [vector] dot and the anchor’s 

little... little bubbles at the end, like, if they’re lined up, like, I can see them better verses 

on my other computer just... just because it was blurrier,” P11. 

• Advantages – Improved graphics quality: “Well, it’s just you can get really vibrant with 

colors. And, how colors blend, you can properly see that, like… like, gradient between 

the two,” P13. 

• Advantages – Improved graphics quality:  

The eye fatigue and eye strain… I just have much less of it when it’s a really good 

quality screen even. If I’m just like word processing or whatever, you know, even if 

I’m doing something where you wouldn’t think that the screen resolution would 

matter. I just feel like it’s... it’s closer to what you would see in real life. And so, your 

eyes, maybe, just don’t have to work as hard, P12. 

• Advantages – Improved efficiency: “I definitely remember, getting more frustrated. 

Like... trying to find this exact point and clicking on one and deleting the wrong one and 

then having to redo it like over and over again until I finally got it right, P3. 

• Advantages – Improved efficiency: 

Yeah definitely, doing like video editing, the most important thing the high resolution 

brings is that color variety. That ability to really be able to tell what color should be 

what color. You can do adjustments for like light and color balancing. And really get 

those true to life colors as best as possible. And that kind of ability you couldn’t do on 

a lower resolution, P12. 
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• Advantages – Improved multitasking: “I think for me, since I don’t have to zoom in as 

much. I’ll start a [vector] line and I’ll be able to finish it. Instead of, like, starting it, 

scrolling, and then finishing it. That’s a big thing,” P11. 

• Advantages – Improved multitasking:  

If I have a really complex project that has a lot of different assets in it. All of that sits 

in a little panel called your project panel that has all those assets. So, if I’ve got, you 

know, 45 assets of varying types, and I’m on a small screen, I have to do a lot of 

scrolling to see all of that. Whereas, if I have a large screen real estate, I can make it 

so I can see what I need to see without having to do too much scrolling, and that’s 

nice, P12 

• Advantages – Better experience:  

Yeah I think it’s made it much more enjoyable. If I go to the zoo and I get some really 

cool pictures of animals, I can see the deep orange on a tiger or if I can really, like, 

see the scales on a snake video that I took, or something like that. What I love is that 

you notice things in video or images that you don’t notice in real life. Or maybe you 

do, but you can’t recreate that in a picture. How many times have you shown a 

landscape picture to somebody from your vacation and you’re like, ‘it doesn’t do it 

justice.’ So, it gets just a little bit closer to doing it justice. And when you see your 

work looking more the way that you wanted it to, it’s a lot more gratifying, P12.  

• Disadvantages – Worse graphics quality: “Like I have to do more testing essentially. So, 

if I’m going to be presenting, I figure out where I’m going to present and then go test it 

out ahead of time,” P3.  

• Disadvantages – Worse graphics quality:  
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I don’t think they would have [felt how I intended] because, like, I don’t think they 

would have that WOW, factor with my game that a lot of people did with my game 

was on display. I made the colors for the Apple, like, how it looks on the Apple. And, 

so, because it was displayed at RiverFest [local city-wide festival], which was on a 

Windows computer, I was so angry about it, but I couldn’t do anything about it. 

Because when I played it on there it just it looked really dull on a regular windows 

1080 computer screen, and I was like ‘oh’. This feels like a different game. I was kind 

of mad about that, P13.  

• Disadvantages – Low/no effect: “But other than like, edge cases, I haven’t really noticed 

anywhere where it’s, like, super impacted my ability to make images,” P3.  

• Disadvantages – Worst efficiency: “The one dislike that was mentioned was that 

sometimes things look a little bit too realistic,” P10. 

Discussion 

The goal of Study 2 was to gain a deeper understanding why different user populations 

perceive certain tasks to benefit from high-resolution and the factors contributing to those 

perceived benefits. Based on finding from Study 1, participants from four user populations were 

included in this qualitative study: gamers, digital creatives, software developers, and 

engineers/architects. However, due to low representation, software developers and 

engineers/architects had to be removed from the qualitative analysis, leaving only gamers and 

digital creatives. 

The results from the qualitative grounded theory revealed that, regardless of user 

population, users perceive many of the same advantages to using high-resolution displays, as 

well, as several of the same disadvantages. Furthermore, the user populations interviewed in this 
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study shared similar motivations for using high-resolution displays. Difference between the user 

populations lie in the degree to which those advantages impacted their work or leisure activities 

and how compatible those advantages were to their motivations.   

Improvements to graphics quality were perceived to be the most important advantage to 

using high-resolution displays. A similar conclusion was reached in Study1. Improvements to 

graphics quality improved the sharpness of graphics and images. Most importantly, improved 

clarity made it possible for gamer participants to find small, hidden details, such as “Easter 

eggs,” in games and made it possible for digital creatives add extra details to their creations and 

easier to locate and click on vector points. Participants from both user populations also 

mentioned suffering less from visual fatigue and discomfort and or that visual fatigue and 

discomfort started later when using a high-resolution display.  

Both user populations spoke of improvements to efficiency and multitasking as 

advantages to using high-resolution displays, which were also found in Study 1. However, digital 

creatives found these advantages more impactful. Due to the improvements to small detail 

visibly, digital creatives found it easier to create and edit vector points when using vector-

drawing software, as well as find and correct errors from tracing or drawing curved lines, color 

balancing and color matching. Digital creatives were also better able to take advantage of the 

increase in onscreen information and reduced their need to zoom/scroll by allowing them to have 

all project assets available without sacrificing visibility.  

Gamers, on the other hand, found it easier to identify and aim at long-distance targets, but 

only for first-person shooter games. However, the biggest efficacy improvement for gamers was 

the increased in available game titles, modes, and character classes that came as a result of 

having a more powerful computer. Gamers could now play game titles, modes, and classes that 
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were previously unavailable because their computer was not powerful enough to handle real-time 

strategy battles with many fighters, could not push the graphics and refresh rate required for 

graphicly-intense games, or simply because the game was made for high-resolution displays. As 

for multitasking, some participants of real-time strategies reported being able to see more of the 

map, which made it easier for them to find and command members of their character army. 

Gamers also found it easier to simultaneously view their game window and guide or video in 

another window.  

Improvements to graphics quality, efficiency, and multitasking lead to a better experience 

when using high-resolution displays to complete digital creation and gaming tasks. Mainly due to 

the improvements to graphics quality, many gamer participants felt as if they were experiencing 

old games all over again, this was especially true for cinematic, story-driven games. Game 

environments had more detailed and realistic textures and more vibrant colors, which made 

gamers feel more immersed in the gaming world. This, in turn, made some participants feel a 

stronger emotional impact from some games. Similarly, improved graphics quality allowed 

digital creatives to make images, graphics, and videos that matched their intended realistic style, 

which made the more satisfied with the quality of their final product.   

 As for disadvantages, participants generally have a difficult time eliciting specific 

incidents of productivity hindrances. The disadvantages discovered from this qualitative analysis 

actually represented minor frustrations and annoyances or represent the lack of an advantage. 

Regardless of user population, participants noted a lack of substantially impactful efficiency 

advantages. Participants were able to think of improvements to task speed, accuracy, actions-pre-

minute, but they generally felt that these improvements only saved them a few extra clicks or 

minutes. Participants did not generally feel as if these advantages dramatically impacted the rate 
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of work or their game states. As stated previously, advantages were most apparent in the form of 

improved graphics quality, better experience, and overall satisfaction.  

Additionally, both user populations also mentioned that, initially, they were annoyed by 

unexpected small text and mouse cursor and hyper realistic graphics but were able to resolve 

these annoyances by adjusting setting in their operating system or display. Digital creatives also 

reported the disadvantage of their creations looking worse on lower-resolution displays. If 

participants were aware this problem was going to occur when presenting on lower-resolution 

displays, they would preemptively select colors know to display correctly. Otherwise, they 

would test their work on the intended display prior to presenting to fix any issues.  

In addition to investigating the advantages and disadvantages to using high-resolution 

display, knowing why a user want to use a high-resolution display can reveal how they expect 

the display to benefit their work or leisure task. Digital creatives were typically driven to buy 

high-resolution system as they were the industry standard, especially Apple Retina Displays. The 

need for high-detail graphics and a powerful computer were the primary drivers for both user 

populations. In other words, when originally shopping for a new computer, participants looked 

for computers and displays that were capable of running video games on high graphical setting, 

could show a greater color range, and/or could easily process video productions. However, these 

motivations were not mutually exclusive. 

Buying a high-resolution-capable computer, required upgrading the computer’s hardware 

to be able to run high-resolution display, including buying advanced graphics cards and powerful 

processors. This meant that, often times, computer that could support high-resolution were also 

incredible powerful. Some participants saw this as a barrier to adopting high-resolution until it 

better suited their needs, such as gamers who chiefly play competitively. Other participants, 
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especially the digital creatives, perceived this as an investment in future-proofing their computer 

for years to come. 

In summary, results from Study 2 suggest that an empirical comparison of the perceived 

productivity benefits from using high-resolution displays should investigate how color quality, 

visual clarity, small detail visibility, and experience (i.e., enjoyment, satisfaction, engagement) 

are impacted by display resolution. All of these components influenced the perceived advantages 

found in this study, namely, graphics quality, efficiency, and overall experience. Another goal of 

this study was to develop realistic representative tasks that could be used to assess the 

productivity benefits from using high-resolution displays. Table 8 demonstrates several possible 

tasks that fit the identified criteria for each user population.  
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Table 9. 

List of Possible Tasks and Testable Advantages for Use in Study 3 

User Population Possible Tasks Advantage Tested 

Gamers  

 Play a realistic, long-distance, first-person 

shooter game 

Ability to clearly see small/distance targets 

  Ability to accurately hit small targets 

  Ability to clearly distinguish target from background 

  Impact on enjoyment/engagement 

  Impact on mental workload to locate and accurately hit small targets 

 Play a graphically-intense, story-driven role-

playing game 

Ability to identify distance monsters/enemies/landmarks 

  Legibility of in-game text (e.g., player menu, dialogue subtitles, item-help tips) 

  Impact on enjoyment/immersion 

 

 Play a simplistic first-person shooter game Ability to accurately hit different-sized targets 

   

Digital creatives  

 Change the background in a photo Ability to trace accurately in busy photos 

  Ability to clearly distinguish foreground from background in low-contrast 

  Impact on mental workload and effort 

 Create a flat, vector-based graphic Ability to trace accurately in busy photos 

  Ability to clearly distinguish foreground from background in low-contrast 

  Ability to manipulate small anchors 

  Impact on enjoyment/satisfaction 

  Impact on mental workload and effort 

   

Universal  

 Visual search (realistic and non-realistic) Ability to identify small targets from distractors 

  Amount of time to locate targets 

  Impact on mental workload 

 Target acquisition task (Fitts’ Law) Ability to accurately select targets of differing sizes 

  Amount of time to locate targets 

  Impact on mental workload 
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CHAPTER 5 

 

STUDY 3: EXPERIMENTAL COMPARISON OF USER PRODUCTIVITY AND 

EXPERIENCE WITH TWO SCREEN RESOLUTIONS 

 

Purpose 

 Findings from Studies 1 and 2 identified several user populations that benefitted from 

high-resolution application, namely computer video game players and digital creatives. More 

importantly, both studies highlighted specific task attributes and task details that allowed us to 

pinpoint the most promising tasks to use to empirically demonstrate the impacts of using a high-

resolution display. Specifically, suggested task attributes to focus on included: color quality, 

visual clarity, small detail visibility, and experience (i.e. enjoyment and engagement). Identifying 

the specific task attributes and task details, helped us develop a representative task for each user 

population that realistically reflected the tasks each population performed. For gamers, this 

ensured participants played the game genre, mode, and class best suited to compare the impacts 

of using high-resolution. For the digital creatives, this meant that the representative task took into 

consideration the appropriate software, workflow, and exact steps to complete the task. 

 Study 3 was unique in this regard. Typically, research conducted to compare the effects 

of some computer attribute on user productivity has used tasks developed without the user in 

mind. Study 3, instead, incorporated findings from the needs-requirement-gathering studies 

(Studies 1 and 2) to not only identify which task attributes to target in a comparison study, but 

also how to develop the tasks so they realistically simulated work.  

 The purpose of Study 3 was to take the information acquired during Studies 1 and 2 and 

develop a method to empirically compare the impact of display resolution on user productivity 

and experience. Specifically, this study compared the impacts of using a high-resolution display 
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(4K) to using a standard-resolution display (full-high-definition). The specific research questions 

we used to compare the two resolutions were: 

1) Ability to see small details 

a. How is small-target identification impacted by high-resolution for loosely- 

and densely-packed, non-realistic images? 

b. How is small-target identification impacted for realistic images? 

c. How does using a high-resolution display affect gamer’s ability to locate 

enemies in long-distance, first-person shooter games?  

d. How does using a high-resolution display affect digital creative’s ability to 

distinguish foreground and background elements in digital photos? 

2)  Ability to color match 

a. How does using a high-resolution display affect digital creatives’ ability to 

digitally color match physical color swatches? 

3) Experience 

a. What is the impact of high-resolution displays on perceived mental workload 

and difficulty? 

b. What is the impact of high-resolution displays on perceived enjoyment and 

engagement?  

4) Overall perception and preference 

a. How does perceived visual display quality differ between a standard- and 

high-resolution display? 

b. Do users prefer to use a high-resolution display for work and leisure tasks and 

why? 
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Method 

Participants. Participants were recruited locally from Wichita State University (WSU) 

and the community using online advertisements, newsletter advertisements, phone calls, email, 

and word-of-mouth. WSU participants were recruited through two university-wide avenues: the 

faculty newsletter (distributed daily) and the student newsletter (distributed every other day). 

Additionally, WSU undergraduate participants were recruited from the online experiment 

management system, SONA Systems. Community participants were recruited through social 

media (i.e., Facebook, Twitter), phone calls, email, and snowball sampling. Participants were 

asked to fill out a screener survey via Qualtrics to assess interview participation eligibility (see 

Appendix P). Participants recruited from SONA were granted six course credits for their 

participation in the 90-minute study. Participants recruited through all other avenues were 

awarded $25.00 USD for their participation.  

A total of 40 individuals participated in Study 3; 20 gamers and 20 digital creatives 

(group membership was mutually exclusive). All participants were moderate computer users 

averaging three hours of computer use per day, for at least four days per week. Additionally, all 

participants had normal or corrected-to-normal vision and did not have any past or current finger, 

hand, or wrist problems that would prevent them from using a computer. Finally, all participants 

were fluent English speakers. See Appendix Q for full demographics breakdown of all 

participants.  

The gamer participants included 19 males and 1 female. The average age of gamer 

participants was 25.80 (SD = 6.77) and ranged from 18–40 years of age. Three of the gamer 

participants had color vision deficiencies: 2 protanopia and 1 deuteranopia, measured using an 

online color vision test (EyeQue, 2019). Their color-vision deficiencies did not affect the 
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participants as they all reported using the default color settings in video games. All of the gamer 

participants reported to play PC video games at least 3–4 hours per day and that they had at least 

intermediate skill playing PC video games, first-person shooters, and playing a sniper class 

character. 

The digital creative participants included 5 males, 14 females, and one who identified as 

other. The average age of digital creative participants was 24.50 (SD = 5.65) and ranged from 

18–39 years of age. Sixteen of the participants specified doing digital illustration work at least 3–

4 hours per day; 10 specified doing photo editing at least 3-4 hours per day. All digital creative 

participants self-reported having normal color vision and at least intermediate skill using Adobe 

Illustrator. 

Materials. 

Screener questionnaire. Participants were asked to complete an online screener and 

background questionnaire before beginning the experiment (see Appendix P). The questionnaire 

asked them to provide demographic information (e.g., age, gender, computer use), typical 

monitor configuration (e.g., size, resolution), activity frequency, competency with appropriate 

software (e.g., Adobe Suite, Autodesk Suite), and PC video game experience (e.g., duration, 

genre). 

Hardware. This study evaluated two resolution conditions: standard resolution and high-

resolution. The standard resolution consisted of a single 24” Dell UltraSharp U2414H monitor at 

full high-definition (1920×1080 pixels) set to 100% scaling. The high-resolution level consisted 

of a single 24” Dell Ultra HD 4K P2415Q monitor at 4K ultra high-definition (3840×2160 

pixels) set to 200% scaling. Scaling was set to the default scaling for the display. The displays 

were connected to their own Dell XPS 8910 PC tower via the display port and set at a refresh 
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rate of 60 Hz. Displays were set at a viewing distance of 60 cm and covered with a black box to 

debrand the displays, see Figure 21. 

 

 
Figure 21. Experimental station setup. Station A was the high-resolution condition. Station B was 

the standard-resolution condition. 

 

Each computer ran on Windows 10 Home (version 1.0.4) and was equipped with an 

NVIDIA GeForce GTX 970 graphics card, Intel Core i5-6400 processer (2.70GHz, quad-core), 

and 8 GB of RAM. Additionally, each computer’s display settings were set to use Nvidia’s color 

settings for depth (32-bit), format (RGB), and range (full). Brightness was set so that each 

display was perceived to have the same luminance of 1.7 cd/m2 when viewing the blank desktop; 

the standard display’s brightness was set to 75 and the high-resolution’s display was set to 87. 

Finally, a Dell keyboard and Gamdias Demeter E1 gaming mouse (both wired) were used for key 

and cursor input. 

Tasks and software. A variety of stimuli were used to assess differences in performance 

between the displays. Open Broadcaster Software (OBS) 22.0.2 was used to capture screen 

recordings of Tasks 2 and 3a–b, as well as time on task for Task 2. Techsmith Morae 3.3.4 was 

used to capture mouse input data and time on task for task 3b.  

Task 1: Spatial configuration visual search. A spatial configuration visual search task 

was used to investigate the effects of resolution on small detail visibility and subjective 

experience in abstract sparse and densely-packed environments. The visual search task was set 
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up and controlled using program scripts provided by Wolfe, Palmer, and Horowitz (2010) and 

displayed using Matlab (version 2017b 9.3.0.713579; 64-bit), Psychtoolbox (version 3), and 

gstreamer (version 1.14.4). The visual search program was modified to fit the purposes of this 

study, namely, set size, search item size, trial display duration, and number of trials per 

condition.  

The search target was a digital “2” amongst distractor “5”s. The sparse condition 

consisted of 12 distractors and the cluttered condition consisted of 48 distractors. The placements 

of search items were randomized by the visual search program. The sparse condition was chosen 

since it was a set size used by Wolfe et al.. The cluttered set size was based on objective and 

subject pilot testing set sizes. Similar accuracy performance was found between set sizes of 24 

and 48, however, the 24 set size was perceived to be too easy for a large set size. 

Search items were consistenly the same size throughout the visual search task. Search 

items were white (RGB=1,1,1) presented on a black background (RGB=0,0,0). For the standard-

resolution display, search items were 4.5 pixels wide by 8 pixels tall. For the high-resolution 

display, search items were 9 pixels wide by 16 pixels tall. Accounting for display scaling, the 

search items appeared the same physical size during the visual search task: 2 mm by 3 mm (.19° 

by .29° visual angle). These search item sizes were chosen based on participant feedback from 

pilot testing, specifically that larger search items sizes were too easy (physical heights of 7 mm 

and 14 mm). Figure 22 demonstrates how the visual search task appeared to participants on the 

standard- and high-resolution displays.  
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Figure 22. Visual search on the standard-resolution display (top left) and on the high-

resolution display (top right). Closer view of the distractor “5” on the standard-resolution 

display (bottom left) and on the high-resolution display (bottom right). 

 

For each set-size condition, participants responded to 18 trials. For both set sizes, the “2” 

was present for half of the trials and absent for the other half. Participants responded to a total of 

36 trial per monitor, for a grand total of 72 trials (see Table 9 for trial breakdowns). Target 

presence and set size were randomized. Each trial was displayed for a maximum of 10 seconds. 

Trial display duration and the number of trials per display were chosen based on pilot testing the 

average number of completed trials during the allotted time. 

Table 10.  

Visual Search Trials per Condition per Monitor 

  Standard-Resolution High-Resolution 

  Sparse Cluttered Sparse Cluttered 

Present 9 9 9 9 

Absent 9 9 9 9 

Total 36 36 
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Task 2: Where’s Waldo visual search. The Where’s Waldo visual search task was used to 

investigate the effects of resolution on small detail visibility and subjective experience for 

realistic visual search. Where’s Waldo images originated from two Where’s Waldo books: 

Where’s Waldo? in Hollywood (book 4) and Where’s Waldo? the Wonder Book (book 5) 

(Handford, 2007a, 2007b). The images were digitally scanned at 600 dpi (dots per inch). Image 

size and resolution were then cropped and scaled down to match the resolution and pixel density 

of each display: 1920×1080 pixels at 100 dpi for the standard-resolution display and 3840×2160 

pixels at 200 dpi for the high-resolution display. Figure 23 demonstrates how Waldo appeared 

when viewed on a standard-resolution display (left) to a high-resolution display (right).  

 

 
Figure 23. Waldo on the standard-resolution display (left) and the high-resolution display (right). 

 

Where’s Waldo images were arranged into a Microsoft PowerPoint (2010) slide deck. 

Slides were sized to match the resolution of each display. Slide decks included one set of nine 

images for Station 1 and another set of nine images for Station 2, for a total of 18 Where’s Waldo 

scenes. Two slide decks were created for each display where the order of images was flipped to 

account for potential order effects. See Appendix R for the counterbalanced order and library of 

Where’s Waldo images. Invisible hyperlink boxes were placed on top of Waldo in each image. 
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When clicked, a slide transitioned onto the next slide in the deck. False alarm clicks (i.e., clicks 

that were not on Waldo) were not counted. Slide decks were shown to the participant in 

Presenter view. All other means of slide transition were disabled, as well as other mouse pointer 

styles (i.e., the mouse pointer was always an arrow, even over clickable links). Images were 

viewed until Waldo was successfully found or for a maximum of 2 minutes, whichever occurred 

first. 

Task 3a: Gamer representative task. The Gamer representative task was used to 

investigate the effects of resolution on small detail visibility and subjective experience for a 

realistic task frequently performed by video gamers. This task was to play a long-distance (i.e. 

sniper) first-person shooting game. In these types of video games, players who played as a sniper 

class are required to use long-range weapons to eliminate their opponents, usually from a 

concealed vantage point at distances which exceed sight limits. A sniper first-person shooter 

video game was chosen as the representative task because it was suggested by video gamers 

from Study 2 as a game task that could objectively benefit from high-resolution application, 

rather than only benefit the subjective playing experience. In this game mode, enemy targets 

were very small compared to playing close- or mid-range combat classes, leaving a narrow 

margin of error when firing, which meant that participants had to be very precise when firing.  

The representative task for gamer participants consisted of playing a custom match of 

Domination in the PC video game Call of Duty: Black Ops 4 (henceforth referred to as Black 

Ops 4). Black Ops 4, the 15th installment in the Call of Duty series, is a multiplayer, first-person 

shooter video game which offers realistic graphics, customizable game modes, and supports 4K 

resolution (Blizzard Entertainment, 2019). Domination is a game mode in which capture points 

are scattered around the game map and teams have to either attack the team that currently control 
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a point or defend against that attacking team. Figure 24 demonstrates how enemies appeared 

when targeting them from a distance using the sniper rifle on the standard-resolution display and 

the high-resolution display. 

 

 
Figure 24. Participant targeting a distant enemy on the standard-resolution display (left) and the 

high-resolution display (right).  

 

Call of Duty: Black Ops 4 was chosen because it included both the sniper class and 

realistic graphics (as opposed to cartoon-style graphics from other multiplayer first-person 

shooter games, such as Overwatch) and because it offered the ability to customize the class and 

game mode participants would experience. The ability to fully customize the game mode and 

class ensured that potentially extraneous variables were accounted for (e.g., play time, available 

weapon, elimination criteria). Additionally, Black Ops 4 was chosen because game matches 

could be played against and with AI (artificially intelligence) robots instead of another human 

players. This was critical because it guaranteed that participants would be exposed to consistent 

enemy behavior and skill. 

The character played by the participants was customized to emphasize the sniper class. 

The character was provided with a single sniper rifle (the Koshka: quick rate of fire, high 

accuracy, high-damage), all other weapons were removed, and specialized abilities were 



128 

disabled. The character was granted the scavenger perk, which allowed them to scavenge for 

ammo from fallen enemies in order to stay in play longer.  

The game mode was also customized to emphasize the sniper class, and to account for 

extraneous variables. Participants were not allowed to change their character, weapon, or class. 

Headshots only game mode was enabled forcing participants to aim for the smallest target 

possible—this also enabled the ability to count headshot eliminations as an object measure of 

performance. Additionally, all AI robots were set to regular difficulty (not easy nor impossible to 

eliminate). Finally, matches were played on the Jungle map, which featured jungle-inspired 

colors and made it more challenging for participants to locate and target enemy AI robots.  

Task 3b: Digital creative representative task. The representative task was used to 

investigate the effects of resolution on small detail visibility and subjective experience for a 

realistic task frequently performed by digital creatives. The digital creatives represented task was 

to create a flat logo for a client. Creating a flat logo was chosen as the representative task 

because it was suggested by digital creatives from Study 2 as a task that could objectively benefit 

from high-resolution application, in that high-resolution made it easier for digital creatives to 

distinguish between different elements in a picture such as the foreground image from the 

background and easily manipulate cluttered vector points.  

The representative task for digital creative participants consisted of recreating and 

coloring a flat, vector-based logo in Adobe Illustrator (Creative Cloud version 23.0.2) using a 

variety of materials: a digital source photo that also included the tagline, step-by-step 

instructions, and a paper recoloring guide. To recreate the logo, participants had to use the pen 

tool and manually trace the body outline, colored spots, ears, and nose of a cat in a digital photo, 

see Figure 25. Participants were not allowed to use the trace function in Adobe Illustrator, nor 
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could they use the shape tool. Additionally, participants had to recreate the provided tagline but 

were only given the font style. Participants had to judge the approximate size of the font and the 

distance between the letters (kerning).  

 

 
Figure 25. Shapes and tagline from the drawing task. Shapes included: the cat’s body (1), 

four tan spots (2–5), two black spots (6–7), two ears (8–9), and the nose. The tagline (11) 

always appeared at the bottom. This example is at 400% zoom. 

 

Traditionally, when tracing or outlining items from a source image, digital creatives 

zoom in as close as possible in order to easily distinguish the foreground object from the 

background. However, as the aim of this task was to test small detail visibility, participants were 

not allowed to zoom during this task until after they completed all close-approximation outlines, 

font size, and font kerning. The zoom was locked at 150% for these steps. After both steps were 

entirely completed, participants were allowed to zoom in, as this adhered more closely to a 

realistic workflow. Figure 26 demonstrates the source photo participants traced when using the 

standard-resolution display and the high-resolution display.  
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Figure 26. Tracing canvas on the standard-resolution display (left) and the high-resolution display (right). 

 

Recoloring, the second part of the task, was used to test how resolution affected 

participants’ ability to correctly color match. In order to rely solely on the participants’ ability to 

color match, they were supplied with paper color swatches. Using this method, participants were 

not able to use the eye dropper tool in Adobe Illustrator. Slightly more or less vibrant primary 

(blue red, yellow,) and secondary (purple, green, and orange) color swatches were used in order 

to make this sub-task more challenging, see Figure 27. In other words, participants could not 

simply pick the red color swatch provided in Adobe Illustrators basic color library, but they 

could use that color as a starting point, then adjust the percentages of cyan, magenta, yellow, and 

black (CMYK color space) to match the provided color.  
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Figure 27. Color schemes used in the drawing task. The top row was one color set and the bottom 

row was another color set. Participants used both color sets, one for each display condition. 

 

In order to control for practice effects, two versions of the logo task were created. First, 

the digital image was flipped on the vertical axis, so that participants were exposed to the same 

side of the cat and to the same number, size, and shape of spots, but the location of each item 

was different from the first version. Second, the word order in the tagline was changed, 

specifically, the second and third words were switched. Additionally, the font size and letter 

kerning were set differently for each version. Finally, two sets of color swatches were used. One 

set used blue and red for the spots and yellow for the body. The other set used purple and green 

for the spots and orange for the body. These colors and color sets were chosen so that each color 

could be started using the default color swatches in Adobe and so that colors in a given set would 

not be easily confused for one another.  

Subjective Measures. Subjective measures were collected to understand and compare the 

perceived experience of completing tasks between standard- and high-resolution displays. 

Subjective measures were collected using paper questions and a short debriefing interview. 

Perceived mental workload was collected using the NASA raw Task Load Index (NASA-rTLX; 

Hart & Staveland, 1988). Perceived task difficulty was collected using a Likert rating scale from 

1 (not difficult at all) to 10 (extremely difficult). Perceived enjoyment and engagement was 
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collected using a modified ENJOY scale (Davidson, 2018) and a modified short-form Game 

User Experience Satisfaction Scale (GUESS; (Keebler, Smith, Shelstad, Chaparro, & Phan, 

under review). From the ENJOY scale, the pleasure, competence, challenge/improvement, and 

engagement subscales were used. From the GUESS, the usability/playability and visual 

aesthetics subscales were used. Perceived visual display quality was collected using the Display 

Evaluation Scale (DES; (Besuijen & Spenkelink, 1998; Spenkelink, Besuijen, & Brok, 1993). 

Ten items from the DES were used to evaluate display visual quality: brightness, sharpness, 

contrast, reflections, foreground color, background color, flicker, response speed, readability, 

and overall impression. Overall display preference was collected using binary-choice ranking 

(best or worst) and qualitative feedback for those rankings. Even though eye and body fatigue 

were frequently mentioned in Studies 1 and 2, it was not assessed in this study as participants 

stated symptoms of eye and body fatigue did not occur until after 4-6 hours of use. All subjective 

scales can be found in Appendices S through W. 

Procedure. A screener survey was distributed to locate eligible participants. After 

qualifying, participants were contacted to schedule a time to participate. Upon arrival, 

participants were seated at their first station and asked to read and sign a consent form and media 

release form. Gamer participants were check for color vision deficiencies using an online color 

vision test (EyeQue, 2019). This test was not diagnostic. It was only conducted to account for 

gamers with color vision deficiencies. The test was always administered using the same 

computer (not one of the experimental computers) at maximum brightness. The color vision test 

was not conducted on digital creatives because only normal color vision participants were 

recruited. Participants were then given a high-level brief on the purpose of the study. The 

entirety of the experiment was conducted in a dimly lit room Toet, Bijl, & Valeton, 2001). 
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Next, participants were briefed on the spatial configuration visual search (Task 1). They 

were told to identify if a digital “2” was present among several digital “5”s. If the 2 was present, 

they were told to hit the “p” key on the keyboard. If they judged the 2 to be absent, they were 

told to hit the “a” key on the keyboard. Additionally, they were informed that each trial was time, 

so they needed to make their judgement call as quickly and accurately as they could. Participants 

were given up to one minute to practice the task, followed by 40 experimental trials (which 

lasted approximately four minutes). As stated in the Materials section for this chapter, target 

presence and set size were randomized. Once they completed the visual search task, participants 

rated their perceived subjective mental workload and task difficulty.  

After Task 1, participants were briefed on the Where’s Waldo visual search task (Task 2). 

Before starting the task, a refresher on the premise of the Where’s Waldo game given, including 

what Waldo looked like, that the scenes also contained look-alike characters, and that Waldo 

could be occluded in some of the scenes. Participants were instructed that they had two minutes 

to find and click on Waldo in each. Participants performed this task for six minutes, or until they 

made it through all nine scenes, whichever occurred first. As stated in the Materials section for 

this chapter, scene order and scene order version were counterbalanced for each participant 

session. Once they completed the Where’s Waldo task, participants again rated their perceived 

subjective mental workload and task difficulty exclusive to this task.  

After task 2, participants were briefed on the representative task: playing Black Ops 4 for 

gamer participants (task 3a) or recreating a flat logo for digital create participants (task 3b). For 

task 3a, participants were informed they would be playing a custom game of Domination using a 

custom-made sniper class character teamed up and fighting against AI-controlled robots. They 

were instructed not to change their class or weapon at any point during the game. Additionally, 
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participants were notified that they could only eliminate opponents using headshots (i.e., sniper 

shots fired at anything other than the head would not do damage) and that their goal was to get as 

many headshots as possible.  

Participants first played a four-minute practice match so they could familiarize 

themselves with the game mechanics and make changes to the mouse sensitivity and preferred 

keybinds for movement control. Keybinds are assigned keyboard-shortcuts for the purpose of 

quickly executing in-game functions, e.g., assigning the spacebar to make a character jump or 

assigning the control (CTRL) key to make a character crouch. Participants could make changes 

as many times as necessary during the practice session in order to find their preferred settings. 

These settings were then used in the experimental game match for both stations. Participants 

were not allowed adjust mouse settings or keybinds at any other point in the study. This was 

allowed as using the incorrect mouse sensitivity or keybinds would negatively affect player 

performance. After practice, participants played a 12-minute experimental match using the same 

setup as the practice match.  

For task 3b, participants were directed to recreate a flat, vector-based logo, then color the 

logo using materials provided by a hypothetical client: the digital image of a cat, the logo tagline, 

and the desired color scheme. To complete the task, participants had to complete five steps in 

order: 1) close-approximation outline of the cat’s body, spots, eyes, ears, and nose, 2) create a 

text box with text and make a close-approximation of tagline’s font size and letter kerning, 3) 

refine the outline and tagline, 4) color the cats body, spots, eyes, ears, and nose, and 5) remove 

all shape outlines. This information was conveyed in a step-by step instruction sheet, which they 

were told to carefully read prior to starting the task. They were allowed to keep the task sheet 

throughout the task so that they could refer to it at any point when necessary.  
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After reading the task sheet, participants were informed they had to complete each step 

completely before moving onto the next step. Furthermore, they were not allowed to change the 

zoom level for the first two steps; they were only allowed to change the zoom level during steps 

3–5. Participants were allowed to use as many layers as desired and that drawn shapes could 

stack on top of one another as this workflow closely matched the workflow typically used by 

digital creatives. They were informed that they had 12 minutes to complete the first three steps 

and four minutes to complete the last two steps, however, the last two steps could be performed 

simultaneously. If they finished the steps early, they were allowed to move onto the next phase 

early. No practice was given for this task, as all participants were already familiar with Adobe 

Illustrator, the required tools, and the skills necessary to complete the steps. Task version was 

counterbalanced to control for practice effects.  

After completing all tasks and questionnaires at one station, participants were moved to 

their second station to repeat the process. Participants were allowed to take a break if they 

wanted before starting their next station. After completing all tasks and all questions at both 

stations, participants were asked to rank the displays on which one they liked best and worse and 

to provide several reasons for this ranking. Finally, participants were compensated and thanked 

for their time.  

During the study, task order was always the same for each participant and for each 

station: 1) spatial configuration visual search, 2) Where’s Waldo visual search, and 3) 

representative task. This order was chosen in order to reduce the effects of task boredom or 

fatigue. If the most interesting task (the representative task) was placed last for each station, 

participants’ motivation and engagement would increase with each task, rather than decrease as 
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they completed task sets (Yamada, 1998). This ensured relatively high attention and engagement 

throughout the study and, most importantly, for the second station.  

Although task order was always the same, station order and task-version order were not. 

A partial Latin-square counterbalancing design was used to account for practice effects during 

the study, and so that two participants could be run simultaneously. Participants were set as pairs 

where the odd-numbered participant always started at station A and the even-numbered 

participant always started at station B. Also, participant pairs always used the same task version 

(and color scheme version for the digital creatives) so that they could not gain advanced 

knowledge about the task. Task version would be switched for each participant pair (i.e., task 

version A for participants 1 and 2, task version B for participants 3 and 4). Using this technique 

resulted in a 2×2 counterbalancing design. However, no counterbalancing was necessary for the 

visual search task and the video game task as they were randomized internally. Table 10 outlines 

an example of the Latin-square design used for this study. 

Table 11. 

 

Example Partial Latin-Square Counterbalance Design 

 

P# Station 1 Station 2 
Waldo 

Version 

1st Drawing 

Version 

1st Color 

Guide 

2nd Drawing 

Version 

2nd Color 

Guide 

27 A B B A PGO B BRY 

28 B A B A PGO B BRY 

29 A B A B BRY A PGO 

30 B A A B BRY A PGO 

Note. Letter codes in the color guide columns refers to the colors used: PGO for purple, green, and orange, and 

BRY for blue, red, and yellow. 

 

Experimental Design. The study used a within-subjects design to compare user 

performance and subjective experience using a standard-resolution display to using a high-

resolution display for different user populations and tasks. For the Where’s Waldo task, video 
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game task, and drawing task, only display resolution was manipulated. For the visual search task, 

display resolution, target presence, and set size were manipulated.  

Independent variable for all tasks included: 

1) Display resolution: standard-resolution (full high definition; 1920×1080), high-

resolution (4K; 3840×2160) 

Additional independent variable for visual search 

2) Target presence: target present, target absent 

3)  Set size: sparse (12 distractors); cluttered (48 distractors) 

Objective dependent measures included: 

1) Visual Search 

a. Search response time (ms) 

b. Search efficiency: response time for correct trials/set size 

2) Where’s Waldo? 

a. Search time (s): average time on task for viewed scenes 

b. Search success rate (%): Waldo detections/ total possible scenes  

c. Efficiency (adjusted time on task): average search time/search success rate 

3) Video game 

a. Headshots: eliminate an enemy by shooting them in the head 

b. Double kills: eliminate two enemies in rapid succession 

4) Drawing 

a. Task success rate (%): traced shapes/total number of shapes 

b. Accuracy 

i. Tracing deviation (mm2): average deviation of all shape deviations  
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ii. Trace deviations per shape group (mm2): average trace deviations for 

each group of shapes: tan shapes, black shapes, and face faces 

iii. Color matching accuracy: average of all color matching deviations based 

on CIE 2000 Delta-e color difference 

Subjective dependent measures included: 

1) Perceived mental workload for all tasks: NASA-rTLX; (Hart & Staveland, 1988) 

2) Perceived task difficulty for all tasks: Likert rating from 1 (not difficult at all) to 

10 (extremely difficult) 

3) Perceived enjoyment and engagement for the representative task: ENJOY 

(Davidson, 2018) and short form GUESS (Keebler et al., under review) 

4) Perceived visual display quality for each display: DES (Spenkelink et al., 1993)  

5) Overall display preference rank and qualitative comments  

Data Analysis. 

Hypotheses. Evidence from Studies 1 and 2 suggested that the ability to detect small 

details would be improved when using a high-resolution display. The improvements were 

perceived to be a result of improved graphics clarity of and greater color spectrum range and 

vibrancy. Additionally, evidence from Studies 1 and 2 indicated that using a high-resolution 

display would positively improve the user experience for work and leisure tasks. Moreover, both 

user populations (gamers and digital creatives) supplied similar stories. However, testimonies 

from the participants indicated that they were not confident these improvements substantially 

impacted their ability to complete work or enjoy leisure tasks (i.e., the improvements were 

perceptible, but did not save them hours of working time).Therefore, all analyses were 
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exploratory to further understand how high-resolution application affects user productivity and 

experience, rather than intended to answer specific questions. 

Objective data. Multiple two-way repeated-measures ANOVAs were used to analyze the 

effects of display resolution on visual search performance. The ANOVAs compared display 

resolution and target presence for sparse and cluttered visual environments. Multiple paired-

samples t tests were used to analyze the effects of display resolution on Where’s Waldo search, 

gaming, and drawing performance. In cases where data for the gamer group were not statistically 

significantly different from digital creative group, analyses for visual search and Where’s Waldo 

performance was collapsed across user population. Representative task analyses were conducted 

for each user population, but performance was not compared between user populations. 

Subjective data. Multiple paired-samples t tests were used to analyze the effects of 

display resolution on subjective mental workload, task difficulty, enjoyment and engagement, 

visual display quality, and preference ranking. Qualitative preference comments were analyzed 

using the thematic analysis procedure from Study 1. Subjective data for visual search, Where’s 

Waldo, and visual display quality were collapsed across user population. Representative task 

analyses and preference ranking were conducted for each user population, but performance was 

not compared between user populations.  

Results 

Study 3 was conducted to empirically investigate user performance differences between 

using a standard- and high-resolution display for different tasks. A full list of summarized results 

can be found in Appendices X–BB. All quantitative data was analyzed using Microsoft Excel 

(Office 365 ProPlus) and IBS SPSS Statistics 22. 
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Visual Search. 

 Normality. Data was checked for violations of normality using statistical (skewness, 

kurtosis, and z scores) and graphical (histograms and boxplots) procedures outlined by 

Tabachnick, Fidell, and Ullman (2007) and Kim (2013).  

Search response time and search efficiency were normally distributed for each condition 

of display resolution, set size, and target presence. Outlier analysis using z scores revealed that 

three participants had relatively high response times for target absent trials for the small set size 

on the high-resolution display and for the large set size on both displays. However, their z scores 

fell within the acceptable z score range set by Tabachnick et al.(2007) (−3.29 < x > 3.29). 

Furthermore, the response times scores did not adversely affect skewness (all falling between 

+/− 1), again staying within the acceptable range. Therefore, the scores were included in the final 

analysis. 

Accuracy, errors, and timeouts were not normally distributed for each condition of 

display resolution, set size, and target presence. Outlier analysis using z scores showed that three 

participants had outlier error z scores for target absent trials for the large set size on both displays 

(one participant for the high-resolution display, two participants for the standard-resolution 

display). These scores also adversely pushed skewness beyond the acceptable range for these 

conditions: 6.34 skewness for the high-resolution display and 4.29 for the standard-resolution 

display (Tabachnick et al., 2007). However, outlier scores were the result of low variable 

variance. In the case of the high-resolution, one participant had two errors, but all other 

participants had zero errors. Similar data was found for errors on the standard-resolution display; 

two participants and one error, all others had zero errors. Skewness for all other variable 

conditions fell within the acceptable range (+/− 1). Square root and logarithmic transformations 
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were applied to the accuracy, error, and timeout data, then checked for normality. Once again, 

the data failed normality checks. Given that skewness for the fell between +/− 1, no 

transformations were applied in the final analysis.  

Rather than run separate analyses for each user population, independent t tests were 

conducted to determine if visual search data could be collapsed across groups for search response 

time and search efficiency. This would allow for a more robust sample size of 40, instead of 20 

for each group. This was conducted by running independent t tests for each dependent measure 

to compare the performance and subjective data between gamer and digital creative participants. 

There were no statistically significant differences in visual search performance or subjective data 

between gamers and digital creatives, indicating that data from the visual search task could be 

collapsed across user population for each dependent variable, see Appendix X.  

Search response time. Search response time refers to the average response time all nine 

trials for a given condition of display, set size, and target presence. One 3-way repeated-

measures ANOVA was conducted to determine the effects of display resolution, set size, and 

target presence on search response time. As expected, the simple main effects and the 2-way 

interaction between set size and target presence were statistically significant. Since these are not 

within the scope of this dissertation, only results pertaining to display size will be discussed here. 

For the full breakdown of the ANOVA results, see Appendix X.  

Results showed that the simple main effect of display resolution was significant, F(1, 39) 

= 4.24, p = .046, ƞ2
p = .10. The 2-way interaction between display resolution and set size and the 

2-way interaction between display resolution and target presence were not statistically 

significant, F(1, 39) = 3.57, p = .066, and F(1, 39) = 1.74, p = .195, respectively. Finally, the 3-
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way interaction between display resolution, set size, and target presence was not significant, F(1, 

39) = 0.52, p = .476. 

Pairwise comparisons were conducted on the simple main effect of display resolution. 

Results indicated that participants responded significantly slower when using a high-resolution 

display (M = 5746.18 ms, SD = 2619.06) compared to using a standard-resolution display (M = 

5584.12 ms, SD = 2522.93), see Figure 28. 

 

 
Figure 28. Visual search response time. Using the high-resolution display (4K) resulted in significantly slower 

response time compared to using the standard-resolution display (1080) when searching for the target in cluttered 

environments. Error bars represent ±1 standard error of the mean. 

 

Search efficiency. Search efficiency refers to the average response time for correct trials 

divided by the set size of the trial across all nine trials of a given condition of display, set size, 

and target presence. According to Palmer, Horowitz, Torralba, and Wolfe (2011) and Wolfe 

(2018), search efficiency, rather than mean search response time, is a better estimator of 

performance  because participants tend to commit more “miss” errors when viewing larger set 

sizes, which flatten response time functions.  
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A 3-way repeated-measures ANOVA was conducted to determine the effects of display 

resolution, set size, and target presence on search efficiency. Similar to search time, the simple 

main effects and the 2-way interaction between set size and target presence were significantly 

different, as expected. Since these are not within the scope of this dissertation, only results 

pertaining to display resolution will be discussed here. For the full breakdown of the ANOVA 

results, see Appendix X.  

Results showed that the simple main effect of display resolution was not significant, F(1, 

39) = 3.52, p =.068, ƞ2
p = .08. The 2-way interaction between display resolution and set size and 

the 2-way interaction between display resolution and target presence were not significant, F(1, 

39) = 0.00, p = .982, and F(1, 39) = 1.07, p = .307, respectively. Finally, the 3-way interaction 

between display resolution, set size, and target presence was not significant, F(1, 39) = 0.13, p = 

.720. 

Accuracy and timeouts. Analysis from search response time of the 2-way interaction 

between display resolution and set size hinted that, although not statistically significant (p = 

.066), participants tended to respond slower when using the high-resolution (M = 7993.47 ms, 

SD = 813.54 ms) compared to when using the standard-resolution display (M = 7725.39 ms, SD 

= 686.34 ms). To further investigate this insight, an analysis was conducted on accuracy and 

timeout rates. Cursory descriptive analysis of the small set size revealed that, on average, errors 

occurred less 3% on the high-resolution display and less than 4% on the standard-resolution 

display. Furthermore, no trial timeouts occurred for the small set size, regardless of display. 

Therefore, accuracy and timeout analyses only focused on large set size performance. 

A 2-way repeated measures ANOVA was conducted to determine the effects of display 

resolution and target presence on accuracy rate for large set sizes. Results indicated there was a 
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statistically significant main effect for display resolution, F(1, 39) = 4.62, p = .038, ƞ2
p = .11. 

There was not a statistically significant 2-way interaction between display resolution and target 

presence, F(1, 39) = 0.15, p = 698. 

Pairwise comparisons were conducted on the simple main effect of display resolution 

using a Bonferroni adjustment. When viewing a large set size, participants had lower accuracy 

rates when using the high-resolution display (M = 56.80%, SD = 2.30) compared to using the 

standard-resolution display (M = 62.50%, SD = 2.60), see Figure 29. 

 

 
Figure 29. Visual search accuracy rate. Using the high-resolution display (4K) resulted in significantly lower target 

location accuracy rates compared to using the standard-resolution display (1080) when searching for the target in 

cluttered environments. Error bars represent ±1 standard error of the mean. 

 

An additional 2-way repeated measures ANOVA was conducted to determine the effects 

of display resolution and target presence on timeout rate for large set sizes. Both the simple main 

effect of displays resolution and the 2-way interaction between display resolution and target 

presence were not significant, F(1, 39) = 2.37, p = .132 and F(1, 39) = 0.14, p = .714, 

respectively. 
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Mental workload and difficulty. Six paired-samples t tests were conducted to compare 

perceived mental workload and one paired-samples t test was conducted to compare perceived 

difficulty of performing the visual search task on a standard-resolution display to a high-

resolution display. The alpha level was adjusted on the mental workload scale to account for 

familywise error using a Bonferroni correction (p > .008). Perceived mental workload was 

measured using the raw scores of the six dimensions of the NASA-TLX scale; a lower score 

indicated lower perceived workload.  

Results indicated no significant difference for perceived mental workload or difficulty 

between the displays. Participants perceived mental demand, physical demand, temporal 

demand, performance, effort, frustration, and difficulty similarly across the display for the visual 

search task, see Appendix X. 

In summary, the results from objective visual search data revealed that participants 

tended to search slower when using a high-resolution display. Furthermore, participants tended 

to have lower accuracy rates only in cluttered environments. However, search response time and 

search efficiency were equal between displays when viewing a sparse environment. Additionally, 

participants did not perceive any mental workload or difficulty differences between the two 

displays for the visual search task.  

Where’s Waldo. 

Normality. Search time, search success rate, and efficiency were normally distributed for 

each display resolution. Outlier analysis using z scores did reveal that two participants had 

relatively high task success whining searching for Waldo on the standard-resolution display. 

However, their z scores fell within the acceptable z score range set by Tabachnick et al. 
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Furthermore, the response times scores did not skewness outside the acceptable range (skewness 

= 1.7). Therefore, the scores were included in the final analysis. 

Repeating the procedure from the visual search analysis, independent t tests were 

conducted to see if Waldo search data could be collapsed across groups for search time, task 

success, and efficiency. There were no statistically significant differences in Waldo search 

between gamers and digital creatives, indicating that Waldo search data could be collapsed 

across user population for each dependent variable, see Appendix Y.  

Search time. A paired-samples t test was conducted to compare the average time on task 

for each Waldo scene viewed across the two display resolution conditions. Results indicated that 

there was a statistically significant difference for search time between the displays, t(39) = 4.96, 

p < .001, d = 0.78. Participants found Waldo significantly faster when using the high-resolution 

display (M = 77.95 s, SD = 21.52) compared to using a standard-resolution display (M = 94.29 s, 

SD = 19.59), see Figure 30. 

 

 
Figure 30. Where’s Waldo average search time. Using the high-resolution display (4K) resulted in significantly 

faster Waldo detection compared to using the standard-resolution display (1080). Error bars represent ±1 standard 

error of the mean. 
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Search success rate. Task success refers to the proportion of how many times a 

participant found Waldo out of the total number of scene (n = 9). A paired-samples t test was 

conducted to compare search success rate across the two display resolution conditions. Results 

indicated that there was a statistically significant difference for search success rate between the 

displays, t(39) = 5.43, p < .001, d = 0.86. Participants had significantly higher Waldo detection 

rates when using the high-resolution display (M = 28.89%, SD = 21.62) compared to using a 

standard-resolution display (M = 14.17%, SD = 14.04), see Figure 31. 

 

 
Figure 31. Where’s Waldo search success rate. Using the high-resolution display (4K) resulted in significantly 

higher Waldo detection rate compared to using the standard-resolution display (1080 Error bars represent ±1 

standard error of the mean. 

 

Efficiency. Efficiency represents the speed-accuracy trade off when completing tasks, 

where unsuccessful searches resulted in an efficiency penalty based on task time. Searches 

successfully completed, however, did not incur a time penalty. “The longer the task duration, the 

larger the time penalty applied for the same success rate if that percentage was applied to a 

shorter task time,” (Owens et al., 2012, p. 2). Unfortunately, out of 40 participants, 14 failed to 

detect Waldo at all on at least one display, thus they were removed from the efficiency analysis.  
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A paired-samples t test was conducted to compare search efficiency across the two 

displays. Results indicated that there was a statistically significant difference for efficiency 

between the displays, t(25) = 6.11, p < .001, d = 1.20. Participants were significantly more 

efficient searching for Waldo when using the high-resolution display (M = 1291.10 s, SD = 

812.45) compared to using a standard-resolution display (M = 2326.15 s, SD = 972.23), see 

Figure 32. 

 

 
Figure 32. Where’s Waldo search efficiency. Using the high-resolution display (4K) resulted in significantly better 

efficiency compared to using the standard-resolution display (1080). Error bars represent ±1 standard error of the 

mean. 

 

Mental workload and difficulty. Six paired-samples t tests were conducted to compare 

perceived mental workload and one paired-samples t test was conducted to compare perceived 

difficulty of performing Where’s Waldo searches on a standard-resolution display to a high-

resolution display. The alpha level was adjusted on the mental workload scale to account for 

familywise error using a Bonferroni correction (p > .008). Results indicated that there were 

statistically significant differences for perceived frustration between the displays, t(39) = 3.70, p 

< .001, d = 0.59. Participants perceived significantly lower frustration searching for Waldo when 

0

1,000

2,000

3,000

1080 4K

A
d
ju

st
ed

 T
im

e 
o
n
 T

as
k
 (

s)

Display

Where's Waldo Search Efficiency



149 

using the high-resolution display (M = 10.53, SD = 5.95) compared to using a standard-

resolution display (M = 13.35, SD = 5.10), see Figure 33. Participants perceived mental demand, 

physical demand, temporal demand, performance, effort, and difficulty similarly across the 

display for the Where’s Waldo?  search task, see Appendix Y. 

 

 
Figure 33. Where’s Waldo perceived search mental workload. Using the high-resolution display (4K) resulted in 

significantly lower frustration compared to using the standard-resolution display (1080). Error bars represent ±1 

standard error of the mean. 

 

In summary, the results of the objective Where’s Waldo search data revealed participants 

that were faster, more accurate, and more efficient at searching for small targets when using a 

high-resolution display. Additionally, participants perceived reduced frustration when using a 

high-resolution display.  

Representative Task: Gamers. 

Normality. Enemy headshot eliminations double kills, and subjective mental workload 

were normally distributed for each display resolution, see Appendix Z. Unfortunately, one 
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participant was unable to play the video game due to technical difficulties thus one participant 

was removed from the data analysis.  

Headshots. A paired-samples t test was conducted to compare gamers’ ability to hit small 

targets at long distances between a standard- and high-resolution display. There was no 

statistically significant difference of headshot frequency between the displays, t(19) = 0.42, p > 

.676. Participants had equal headshot frequency across both display resolutions. 

Double kills. A paired-samples t test was conducted to compare gamers’ ability to rapidly 

locate, aim, and eliminate two enemies at long distances between a standard- and high-resolution 

display. There was no statistically significant difference of double kill frequency between the 

displays, t(19) = 0.54, p > .593. Participants had equal double kill frequency across both display 

resolutions. 

Mental workload and difficulty. Six paired-samples t tests were conducted to compare 

perceived mental workload and one paired-samples t test was conducted to compare perceived 

difficulty of playing a long-distance sniper class character on a standard-resolution display to a 

high-resolution display. The alpha level was adjusted on the mental workload scale to account 

for familywise error using a Bonferroni correction (p > .008). Results indicated no significant 

difference for perceived mental workload or difficulty between the displays. Participants 

perceived mental demand, physical demand, temporal demand, performance, effort, frustration, 

and difficulty similarly across the display for the visual search task, see Appendix Z. 

Enjoyment and engagement. Six paired-samples t tests were conducted to compare the 

perceived enjoyment and engagement of playing a sniper class character on a standard-resolution 

display to a high-resolution display. The alpha level was adjusted to account for familywise error 

using a Bonferroni correction (p > .008). Perceived enjoyment and engagement were measured 
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using relevant subscales from the ENJOY scale and the GUESS short form scale. For the 

subscale dimensions, a higher score indicated higher perceived enjoyment and engagement.  

Results indicated that there were no statistically significant differences for perceived 

pleasure and engagement between the displays, see Appendix Z. Participants perceived 

enjoyment and engagement equally on both displays. 

In summary, the results of the objective data for playing a sniper-class character on a 

standard- and high-resolution display suggested similar participant performance across the 

displays. Furthermore, participants did not perceive any mental workload, difficulty, or 

enjoyment/engagement differences between the two displays for when playing a long-distance 

first-person shooter.  

Representative Task: Digital Creatives.  

Normality. Average tracing deviation, tracing deviations per shape, color matching 

accuracy, tracing success, subjective mental workload, and enjoyment/engagement were 

normally distributed for each display resolution. Outlier analysis using z scores revealed that one 

participant had a high tracing deviation for the second ear of the cat on the high-resolution 

display. Furthermore, the deviation score did not push skewness outside the acceptable range 

(skewness = 2.71). Therefore, the score was included in the final analysis, see Appendix AA. 

Unfortunately, one participant’s data was removed from the data. They were not able to complete 

the task without first asking the researcher how to use basic tools in Adobe Illustrator (e.g., how 

to draw shapes with the pen tool, how to fill shapes with color), indicating that they were 

inaccurate in their responses to the screener survey.  

Tracing and color accuracy. To calculate tracing accuracy, each participant’s drawing 

was cut from their save file and pasted in place on the model file, to ensure that the drawings 
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lined up exactly. Next, each shape of the participant’s drawing was compared to the model by 

first removing any overlapping mass, then using a script to calculate the area of all selected 

shapes in squared millimeters (bryanbuchanan, 2018; Roberts, 2015). To calculate overall tracing 

accuracy, tracing deviations from each shape were averaged together.  

To calculate color matching accuracy, each color selected by the participant was 

compared against the model color using a CIE2000 Delta-E calculator (ColorMine.org, 2019) to 

assess the distance between that participant’s color and the model’s color (Lewis, 2013). Then, 

the color distances were averaged to get their average color matching deviation. The CIE 2000 

calculator was used because it corresponds better to actual human vision perception for small 

color differences since it takes into account how humans perceive luminance, hue, and chroma 

differences (Habekost, 2013).  

Five paired-samples t tests were conducted to compare tracing accuracy and one paired-

sampled t test was conducted to compare color matching accuracy on a standard-resolution 

display to a high-resolution display. For tracing accuracy, the alpha level was adjusted to account 

for familywise error using a Bonferroni correction (p > .01). No correction was applied to color 

matching accuracy. There were no statistically significant differences for tracing or color 

matching accuracy between the two resolutions. Participants had similar tracing and color 

matching performance across both display resolutions, see Appendix AA. 

Task success completion rate. A paired-samples t test was conducted to assess tracing 

success completion rate between using a standard-resolution display to a high-resolution display. 

Results indicated no statistically significant difference for task success rate between the displays, 

t(18) = 0.37, p = .716. Participants had similar task completion success rates across the two 

display resolutions.  
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Mental workload and difficulty. Six paired-samples t tests were conducted to compare 

perceived mental workload and one paired-samples t test was conducted to compare perceived 

difficulty of tracing and color matching a flat logo on a standard-resolution display to a high-

resolution display. The alpha level was adjusted on the mental workload scale to account for 

familywise error using a Bonferroni correction (p > .008). Results indicated no significant 

difference for perceived mental workload or difficulty between the displays. Participants 

perceived mental demand, physical demand, temporal demand, performance, effort, frustration, 

and difficulty similarly across the display for the visual search task. 

Enjoyment and engagement. Four paired-samples t tests were conducted to compare the 

perceived enjoyment and engagement of tracing and color matching a flat logo on a standard-

resolution display to a high-resolution display. The alpha level was adjusted to account for 

familywise error using a Bonferroni correction (p > .01). Results indicated no significant 

difference for perceived pleasure, competence, challenge, or engagement between the displays. 

Participants perceived pleasure, competence, challenge, and engagement across the displays for 

the drawing task are shown in Appendix AA. 

In summary, the results of the objective data for tracing and recoloring a flat logo on a 

standard- and high-resolution display indicated that participants had equal tracing accuracy, color 

matching accuracy, and task success completion rates on both display resolutions. Additionally, 

participants perceived subjective mental workload, difficulty and enjoyment/engagement equally 

across both displays. 

Visual Display Quality and Overall Preference. 

 Normality. Perceived display visual quality ratings were normally distributed for each 

display resolution. 
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Visual display quality. Ten paired-samples t tests were conducted to compare visual 

display quality between a standard-resolution display and a high-resolution display. The alpha 

level was adjusted to account for familywise error using a Bonferroni correction (p > .005). 

There were a statistically significant differences for sharpness, contrast, readability, and overall 

impression between the two resolutions, see Table 11. Participants judged the high-resolution 

display to have better sharpness, contrast, readability, and overall impression, see Figure 34. 

Results indicated no significant difference for brightness, reflections, background color, 

foreground color, flicker, and response speed. Participants judged these items similarly across 

both display resolutions, see Appendix BB. 

Table 12.  

Paired-Samples t Test Statistics for Visual Quality Display Ratings 

 Paired Differences      

Dependent 

Variable 

Mean Std. 

Deviation 

Std. Error 

Mean 

t df Sig. (2-

tailed) 

Adjusted 

alpha level 

Cohen’s d 

Sharpness 2.10 2.15 .34 6.19 39 .000 p > .005 0.98 

Contrast 1.05 1.65 .26 4.03 39 .000 p > .005 0.64 

Readability 1.03 1.79 .28 3.62 39 .001 p > .005 0.57 

Impression 1.00 1.83 .29 3.46 39 .001 p > .005 0.55 
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Figure 34. Display visual quality. The high-resolution display (4K) was judged to have better sharpness, contrast, 

readability, and overall impression compared to the standard-resolution display (1080). Error bars represent ±1 

standard error of the mean. 

 

Overall preference. When asked to choose which display participants preferred using to 

complete the tasks, most participants preferred using the high-resolution display (75% of gamers 

and 70% of digital creatives). However, 20% of the gamer participants reported preferring the 

high-resolution display only for the visual search and Where’s Waldo search tasks. When playing 

the game, they preferred the standard-resolution display, see Figure 35. 
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Figure 35. Participants tended to rank the high-resolution display as their most preferred display. However, some 

gamers preferred using the standard-resolution display for gaming and the high-resolution display for visual search 

tasks.  

 

Preference comments. In general, subjective comments echoed results found in Studies 1 

and 2. Participants liked the improved sharpness, contrast, and color quality of the high-

resolution display. Participants reported that the sharpness and contrast made the 2s and 5s easier 

to read and small objects in Where’s Waldo easier to see, which lead to less strain on the eyes. 

Additionally, some participants reported that the blurriness of the standard-resolution display 

made it more difficult for them to focus on the task. Gamer participants felt the improved 

sharpness and color quality made it easier to see enemy targets in Call of Duty: Black Ops 4 and 

that the colors appeared more realistic. 

For those that preferred the standard-resolution display, they perceived the brightness to 

be more tolerable than the high-resolution display. (It is important to note that although the 

brightness on the high-resolution display was higher, both displays were set so that the 

luminance was the same.). Additionally, some participants reported that the colors on the 

standard-resolution display seemed more natural and matched the calibration on their personal 

computer better. Gamers that preferred the standard-resolution display for gaming and the high-
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resolution display for visual search tasks stated that the reason for this preference came from 

noticeable input latency, low/dropping frame rates, and screen stuttering when gaming.  

Preference for high-resolution comments. 

• “Sharper resolution made the first task less straining on the eyes, and the game looked 

sharper and clearer than monitor B [the standard-resolution display]”, P14; Gamer 

• “Clear visuals and has brighter. Clearer background in game made it easier to 

differentiate enemies. Responsive time was acceptable, but not refresh rate,” P19; Gamer 

• “At a certain point during the activity (both vis search tasks), when using monitor B [the 

standard-resolution display] the colors began blurring together, making it hard to 

concentrate and requiring me to move closer to the screen,” P36; Digital Creative 

• “I wasn't able to see the pixels of the screen when looking close at the monitor. When 

looking for number 2, the numbers seemed more crisp and easy to read. Looking for 

Waldo, the edges of the characters had a very clean edge and didn't have fuzziness,” P40; 

Digital Creative 

Preference for Standard-Resolution Comments. 

• “[the high-resolution display] Sharp and clear. Easy to discern individual characters; 

CONS: FPS felt lower, slightly slower than B [the standard-resolution display]. Some 

stuttering in BO4,” P6; Gamer 

• “[the high-resolution display] Very bright and blue (too intense), color was off when 

trying to match but it was good during the waldo activity (brighter), more tiring on the 

eyes,” P35; Digital Creative 

• “The brightness, color, contrast, and gamma seemed mostly true or correct to what I use 

and calibrate from my own computers and experiences,” P34; Digital Creative 
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• “The colors in task 3 [the drawing task] seemed brighter and matched what I was going 

for. The picture of the cat seemed fizzier, but not so much that it affected my ability to 

trace without zooming. Found waldo on this monitor only,” P41; Digital Creative 

In summary, participants perceived the sharpness, contrast, readability, and overall 

impression to be better for the high-resolution display. However, participants perceived 

brightness, reflections, foreground color, background color, flicker, and response speed equally 

for both display resolutions. Overall, at least 70% of all participants preferred using the high-

resolution display. Those who preferred the high-resolution display mentioned that the improved 

sharpness and contrast made it easier to details and small objects, reducing eye strain when doing 

visual search tasks. Twenty percent of the gamer participants, on the other hand, preferred the 

standard-resolution display for gaming as input latency, low frame rates, and screen stuttering on 

the high-resolution display made gaming less enjoyable. 

Discussion 

 The purpose of Study 3 was to empirically investigate user productivity and experience 

differences between using a standard- and high-resolution display for different tasks. Tasks 

included an abstract visual search task, a realistic visual search task, and two representative 

tasks, one for each user population (playing a PC long-distance shooting game for gamers and 

creating a flat logo from a source image for digital creatives).  

Visual search. Findings from the visual search objective data revealed that, participants’ 

search response time was 2.86% (162.06 ms) slower when using the high-resolution display 

compared to using the standard-resolution display. In sparse environments, participants had 

equal search response time and search efficiency across the two resolutions. Additionally, no 

subjective mental workload or difficulty differences were found between the two resolutions. On 



159 

the other hand, densely packed environments on the high-resolution display resulted in 3.41% 

(268.09 ms) slower search response times and 9.56% less target location accuracy, but similar 

search efficiency, compared to using the standard-resolution display. This finding counteracts 

evidence gathered from Studies 1 and 2, where participants stressed the advantage of improved 

visual clarity and small detail visibility on a high-resolution display, as well as the subjective 

comments from this study.  

The potential cause of this could be that participants had higher rates of trial timeouts 

when using the high-resolution display. Trial timeouts occur when the present trial was on screen 

for 10 seconds. Timeout rates between the two resolutions were not statistically significantly 

different, so this cause is merely speculation at this point. However, descriptive analysis revealed 

that, on average, participants timed out about 24.91% more often when using the high-resolution 

display compared to when using the standard-resolution display (31.29% and 24.36%, 

respectively). The additional timeouts increased the overall response time average for the high-

resolution display.  

Where’s Waldo. Interestingly, opposite results were found for the Where’s Waldo search 

task. Results indicated that participants tended to find Waldo 18.98% faster (77.95 s and 94.29 s, 

respectively) find him 68.35% more often (28.88% and 14.17%, respectively), and search for 

him 57.23% more efficiently (1291.10 and 2326.15 adjusted seconds, respectively) when using a 

high-resolution display. Furthermore, participants perceived lower frustration (11.41%) when 

searching for Waldo on the high-resolution display. These findings objectively corroborated 

anecdotal evidence found in Studies 1 and 2, unlike the visual search task. Qualitative comments 

gathered during this study also support these findings. Of the 12 participants who specially 

mentioned the Where’s Waldo task, nine reported better perceived performance or an easier time 
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searching for Waldo when using the high-resolution display. Interestingly, two of the participants 

that mentioned a worse experience finding Waldo on the high-resolution actually had better 

search time, success, and efficiency performance.  

Another difference between visual search and Where’s Waldo search performance was 

trial timeouts. Although participants tended to have more timeouts on the high-resolution display 

for the basic visual search task, they had fewer timeouts on the Where’s Waldo task. More than 

twice as many participants could not find Waldo within the time limit when using the standard-

resolution display compared to using the high-resolution display (11 participants and 5 

participants, respectively).  

Visual search verse Where’s Waldo. The difference between the two tasks could be a 

result of task complexity. Where the basic visual search task is abstract and only includes two 

colors (black and white) and a handful of distractors, Where’s Waldo is a more realistic search 

task and include a variety of colors and more distractors. In an article by Orhan and Jacobs 

(2014), they suggest that, although basic visual search tasks are important to understanding 

perceptional and cognitive processes, basic visual search tasks are artificial and unfamiliar in 

nature, and may not accurately reflect real-world performance. In the case of this study, the basic 

visual search task was included so that performance differences could be assessed without the 

influence of prior experience and realistic distractors. However, it is possible that the artificial 

and unfamiliar nature of the task did not accurately reflect the impact of display resolution on 

search performance. Although a Where’s Waldo search is by no means a completely realistic 

search task, it is far more realistic and familiar than a spatial configuration task of finding a “2” 

amongst “5”s.  
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Representative task: Playing a PC game. Evidence from Studies 1 and 2 suggested that 

playing a long-distance shooter game would be positively impacted if played on a high-

resolution display. Specifically, from Study 2, some gamer participants mentioned that gamers 

might be able to see enemy players further down the map or be able to see distance enemy 

players more clearly, making them easier to hit. Unfortunately, results of the empirical 

comparison did not support that suggestion. Gamer participants had equal performance across 

both resolutions, as well as equal perceived mental workload and difficulty. Statistically 

participants had equal perceived enjoyment and engagement across the two resolutions. 

However, the data suggested that participants tended to have higher pleasure scores when 

gaming on a high-resolution display, but lower engagement scores. 

The reason for the trend of higher pleasure scores could have been a result of the realistic 

colors and improved graphics sharpness and contrast when gaming on the high-resolution 

display. This finding was supported by comments from Study 2. Improved graphics quality was 

bar far the most frequently mentioned advantageous to gaming on high-resolution. In the case of 

this study, that advantage is translated to higher pleasure scores.  

Lower engagement scores were likely the result of noticeable high input latency, 

inconsistent frame rates, and screen stuttering. Noticing that shooting commands happen later 

than expected and the action on screen lagged or stuttered broke participants engagement and 

immersion in the game. This would be a similar experience to when a video buffers, or suddenly 

loses resolution quality. Furthermore, due to these issues, participants rate of fire and aim could 

have been hindered. In the case of high input latency, the time between clicking the mouse to 

fire, the action happening on screen, and the result of that fired shot, is increased, causing a delay 

between executing the game command and seeing the outcome of that command (Raaen & 
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Petlund, 2015). In the case of this study with high input latency, when the player targets and fires 

upon an enemy, it is possible the enemy would have moved before the player executed the 

command to fire, or moved after the commend was sent, but before the results could be 

calculated. In both cases, the player missed their shot, reducing their overall performance.  

Representative task: Creating a flat logo. Data from Studies 1 and 2 indicated that 

creating a vector-based drawing, that included manipulating many densely packed vectors points 

and color matching, would be positively impacted if done on a high-resolution display. Digital 

creative participants emphasized the advantage of sharp, high contrast graphics afforded by high-

resolution would make identifying the edges of shapes much easier. However, data from Study 3 

did not support those claims. Statistically speaking, participants were able to accurately trace the 

outline of the cat’s body equally on the standard- and high-resolution display. However, the data 

suggests that participants tended to have better accuracy tracing the outermost shape when using 

the high-resolution display. Additionally, participants performed equally across the two displays 

when tracing all other shapes, for color matching, and overall task success. Additionally, 

participants perceived subjective mental workload, difficulty and enjoyment/engagement equally 

across both displays. 

The reason for this trend could have been the difference of contrast ratios for different 

parts of the source image. For part of the image, the contrast between what is the edge of the 

cat’s body and what is the background was very clear. For other parts of the image, the contrast 

between the two was very low, making it more difficult to distinguish the two. For example, the 

contrast ratio between the color on the edge of the cat’s face (the light-colored part) and the 

background color in Figure 36 is only 1.1:1, making to very difficult for participants to clearly 

distinguish between foreground and background, especially as they had to do the initial trace at 
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150% zoom. On the high-resolution display, the improved contrast definition possibly facilitated 

more accurate outline traces. 

 

  
Figure 36. Low contrast ratios on some portions on the source photo made it difficult to accurately 

trace the cat’s body. In this example, the ratio between the light part of face and the background in 

the red box is 1.1:1. The zoomed in cutout is 600% zoom, while the full photo is 150%. 

 

Visual display quality and preference. Echoing findings from Studies 1 and 2, 

participants perceived the high-resolution display to generally have better visual display quality. 

Specifically, they tended to rate the sharpness, contrast, and readability of the high-resolution 

display higher compared to the standard-resolution display. All of which lead to higher 

impression ratings. It was not surprising that brightness and reflection were not perceived 

different between the two displays. Brightness was set relatively low, putting out only 1.7 cd/m2 

of luminance. Additionally, both displays were manufactured with the same type of anti-glare 

screen, so the degree of reflections should have been similar. However, it was surprising to find 

that the displays were perceived similarly for flicker and response time given that some gamers 

complained about screen stuttering when play the PC game. However, they may have attributed 

that to the computer and game itself, and not because of the display.  

Overall, 75% of the gamer participants and 70% of the digital creative participants 

preferred using the high-resolution display to complete the tasks. Subjective feedback mirrored 
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the findings form the display evaluation. Participants frequently mentioned improved sharpness, 

contrast, colors, and easier readability when asked what influenced their overall preference 

decision. Not surprisingly, 20% of the gamer’s preference using the standard-resolution display 

for gaming only. As mentioned previously, some gamer participants reported noticeably high 

input latency, inconsistent frames rates, and screen stuttering when playing the game on the high-

resolution display, which negatively affected their experience and shooting performance. Every 

gamer participant from Study 2 mentioned how a high-powered computer was necessary for 

high-resolution gaming. Data from this study seemed to support these claims.  

Table 12 summarizes the findings of Study 3. Summary findings are in relation to how 

productivity and experience using a high-resolution display compared to using a standard-

resolution display. Icons in red indicated worse findings, icons in green indicated better findings, 

and icons in gray indicated no differences were found between resolutions. 

Table 13.  

Summary of Study 3 Findings 

Task Is performance better with high-resolution? 

Visual Search response time,  accuracy in cluttered scenes (groups combined) 

Where's Waldo search time,  accuracy,  efficiency,  frustration (groups combined) 

Representative task  (gamers)  (digital creatives) 

Preference sharpness,  contrast,  readability,  overall impression (groups combined) 
 

75% (gamers)  70% (digital creatives) 

Note. Red indicates worse performance, green indicates better performance and grey indicates equal 

performance compared to the standard-resolution display. With the exception of the representative tasks 

and percentage of preference, data from gamers and digital creatives were combined for all analyses. 

Limitations and future research. Several limitations were present in this study. The 

scope of this study was exploratory in nature. This meant that we wanted to explore as many 

avenues for objective differences as possible. However, that also meant that only a small amount 

of time could be allotted for each task included in this study. Participants were only able to 
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perform each task on each display for a limited amount of time: 4 minutes for the visual search 

task, 6 minutes for Where’s Waldo, and 16 minutes for the representative task. 

Along the same vein, the visual search task was limited in that participants only 

completed 36 trials per display. Most visual search studies use far more data points. Wolfe’s 

(2018) rule of thumb is to use 50 trials for each data point for traditional visual search studies, 

meaning that participants are exposed to several hundred trials. However, using that rule of 

thumb was not possible for this study unless the study time was expanded to 120 minutes or 

longer or if one of the other tasks was omitted. Given these two limitations, it is suggested that 

future research focused more exclusively on one or two unique tasks in order to give participants 

more opportunity to experience each task on each resolution. With more time rationed for each 

task, different or stronger results could have been found. 

Another limitation of this study was the 4K-capability of the computer systems. Both 

systems were equipped with a graphics card that could supported a 4K resolution display. 

Additionally, they computer systems met the minimum system requirements to play Black Ops 4 

on 4K resolution However, the recommended central processing unit, memory, and graphics card 

were below their maximum recommendations. This meant that Black Ops 4 could be played on 

high-resolution, but graphics settings could not be set to max as frame rates and screen stutters 

would make the game unplayable. Settings the graphics to max would have better highlighted the 

graphical differences between standard- and high-resolution. Future studies that use a game task 

should strive to use the most powerful computer possible so that graphic settings could be set to 

max. This would ensure that participants would get the opportunity to fully experience gaming in 

4K-resolution.  
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CHAPTER 6 

 

GENERAL DISCUSSION 

 

The goal of this research was to answer the question, are 4K displays worth it? Current 

methods used to investigate factors that affect computer productivity and experience often do not 

include a methodology to assess how accurately task sets reflect end-users routine work (Colvin 

et al., 2004; Haskins, Patzer, et al., 2015a, 2015b; Haskins, Patzer, Turner, Siu, Smith, et al., 

2015; Kang & Stasko, 2008; Owens et al., 2012; Simmons, 2001). Furthermore, most of the 

research that focused on high-resolution displays specifically, only explored large, wall-sized 

displays (Ball & North, 2005; Bi & Balakrishnan, 2009; Czerwinski et al., 2003; Klinke et al., 

2014; Ni, Schmidt, et al., 2006; Noah et al., 2017; Rajabiyazdi et al., 2015; Reda et al., 2015; 

Yang et al., 2010). The secondary goal of this research, then, was to understand the needs of 

users and their perceptions of using high-resolution displays, in order to develop task sets that 

accurately reflect how user’s complete tasks. We accomplished this goal by employing a multi-

phased, mixed-methods approach. This approach offered a more tailored examination of how 

high-resolution displays impact user productivity and experience for different user populations.  

 Results from Study 1 indicated that users perceived higher-resolution displays to help 

them in situations where tasks are graphically-intense, have small details, when they need to 

process of a lot of information simultaneously, and when tasks must be evaluated continuously. 

Findings from Study 2 echoed results from the previous study and identified color quality, visual 

clarity, small detail visibility, and experience as task attributes to focus on when developing 

empirical comparison tasks for Study 3. Finally, results from Study 3 demonstrated that for non-

realistic, cluttered scenes, users performed worse on the high-resolution (slower to find a target 

and less accurate when judging if a target was present or absent). However, for realistic scenes, 
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they were faster, more accurate, more efficient, and less frustrated when searching for targets on 

the high-resolution display. For representative tasks, no objective or subjective differences were 

found, going against evidence found during Studies 1 and 2. Interestingly, however, most 

participants preferred using the high-resolution display, due to having better sharpness, contrast, 

readability, and overall impression. Taken together, results from this dissertation suggest that 

high-resolution displays improve users’ ability to see small details in realistic images, but the 

major advantage to using a high-resolution display is to improve subjective experience. 

Limitations 

A few limitations across all three studies are worth mentioning. A diverse population was 

sampled in Study 1 but, few survey responses were collected for professional populations 

including 3D modeling or architectural drawing tasks. For Study 2, we were unable to get a large 

sample size for two promising user populations (programmers and engineers/architects). This 

meant that Study 3 could only confidently examine two user populations (gamers and digital 

creatives). However, results from this can serve as a starting point for future research seeking to 

demonstrate trends from our data. More specifically, future studies can use this methodology to 

identify candidates worth investigating further within their own tasks. 

Another limitation of this project was the potential bias of the population in Study 2. 

Because we only interviewed current users of high-resolution displays, the findings from this 

data may overestimate certain perceived advantages of using high-resolution displays. More 

importantly, though, this may have underestimated certain disadvantages to using high-resolution 

displays. It is unclear how well these results generalize to consumers who researched and 

considered purchasing a high-resolution display, only to decline the purchase. It is suggested that 

future research explore the value of high-resolution displays from both ends of the spectrum.  
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Contributions 

 Results from the Study 1 suggested that tasks which rely heavily on graphics, require the 

processing of a lot of information, primarily use small details, and must be continuously assessed 

for accuracy were good candidates for deeper investigation in Study 2. Activities matching those 

criteria included digital creative tasks, model rendering tasks, computer video games, and large 

dataset tasks. Results from Study 2 corroborated the findings for tasks frequently performed by 

digital creatives and gamers. Furthermore, Study 2 supported previous findings that perceived 

advantages to using high-resolution displays included improved graphics quality, efficiency, and 

overall experience. Study 2 also identified several key activity attributes that could be used in 

Study 3 to compare how high-resolution impacts productivity, namely, color quality, visual 

clarity, small detail visibility, and experience (i.e., enjoyment, satisfaction, engagement).  

Based on the information found in Studies 1 and 2, representative task sets for two user 

populations were developed and a universal task set was identified that could be used in Study 3 

to empirically compare the effects of high-resolution on productivity and experience. Results 

from Study 3 suggested that high-resolution improved user’s ability to quickly, accurately and 

efficiently find small targets, and with less frustration, but only when using realistic images. 

Simulated search environments favored standard-resolution displays. 

For gamers playing a long-distance, first-person shooter game, results indicated high-

resolution did not improve player performance. However, subjective findings hinted that playing 

on a high-resolution display could increase perceived pleasure from the game, but this was not 

statistically significant after familywise corrections were applied. For digital creatives, high-

resolution did not improve their ability to accurately trace a source image, or color match 

physical color swatches. Although, evidence hinted that high-resolution improved user’s ability 
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to trace better in situations of low-contrast, but again, but this was not statistically significant 

after familywise corrections were applied.  

Overall, the findings from the empirical comparison did not show many productivity 

impacts. However, we were able to demonstrate subjective differences between a standard- and 

high-resolution display. More specially, users preferred using the high-resolution and found the 

sharpness, contrast, and readability on the high-resolution superior to standard-resolution, which 

increased their overall impression of the display. These findings aligned with qualitative data 

gathered from Studies 1 and 2. Both studies emphasized these specific improvements to graphics 

quality as the major contributors to perceived productivity and experience advantages. 

Taken together, we can finally answer the question, Is 4K worth it?” Results from this 

dissertation suggested that high-resolution displays will not dramatically improve task 

performance for all use cases. However, results suggested that high-resolution displays do have 

some value. High-resolution helped to improve participants’ ability to locate small details in 

realistic, cluttered images, indicating an advantage for tasks were users need to search for 

specific small targets, amongst stationary visual noise. However, results suggested that improved 

overall experience was the major advantage to using a high-resolution display. Users valued a 

positive work experience, even if productivity was not significantly improved. This was 

particularly demonstrated in Study 3, especially since participants were blind to the resolution of 

the display they used. 

This dissertation sought to understand how high-resolution impacts user performance. 

The methods and procedures used in this dissertation can also serve to demonstration the power 

and usefulness of mixed-methods approaches, especially to research topics still in the early 

stages of development. This dissertation can be viewed as a model to follow when trying to 
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conduct research seeking to understand users, as well as when trying to develop representative 

task sets for other empirical studies. Additionally, using a multi-phased mixed-methods approach 

facilitates data triangulation and affords a deeper understanding of the phenomenon occurring 

within a research topic. 
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APPENDIX A 

LITERATURE REVIEW SUMMARY TABLES 

 

 

Summary of Multi-monitor Environment Research 

 
Study 

Reference 

Display(s) 

Tested Population 

Productivity 

Measures Tasks Major Findings Knowledge Gap 

Grudin 

(2001) 

Screens 15” to 

21”, PDA 

connected to PC, 

& second PC  

CAD designers, 

businesses & 

program 

managers, field 

sales engineer, 

911 operator, 

developers, 

testers, & 

usability 

engineer, 

Qualitative: 

participant generated 

perceived benefits 

Contextual 

interview 

(1) Users partition screen space into 

primary & secondary, (2) reduced 

cognitive load & faster searching 

information, (3) perceived 

positively 

No objective productivity 

measures 

Hutchings 

et al. 

(2004) 

Single monitor, 

dual monitor & 

triple monitor  

 

< 3 million 

screen pixels & 3 

million or > 

screen pixels 

Admin assistant, 

UI designer, 

program 

manager, 

software 

developer, 

research intern, 

& researcher 

Productivity: window 

management activity 

events, empty screen 

real estate, & window 

visibility 

Routine work on 

personal computer 

(1) Fewer window switches & faster 

switch speed, (2) more window & 

desktop visibility 

Little in depth evaluation of 

perceived productivity 

benefits & preference 

Colvin et 

al. (2004) 

Single monitor, 

multiple 

monitors (dual & 

triple), & 

multiple 

monitors (dual & 

triple) plus 

window 

management 

software 

Students, staff, 

& faculty from 

the university, 

member of local 

community 

Productivity: time on 

task, proportion of 

edits completed, edit 

accuracy, proportion 

of accurate edits, time 

per edit, time per 

accurate edit 

 

Subjective: usability, 

post-session 

preference interview  

Simulated office 

tasks: text editing, 

spreadsheet editing 

task, & presentation 

editing  

(1) Faster task & edits completion, 

better accuracy & efficiency, (2) 

better usability 

No recruitment based on 

minimum level of application 

expertise, lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation of perceived 

productivity benefits & 

preference 
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Kang and 

Stasko 

(2008) 

Single 17” 

monitor at 

1024×`768, & 

dual 17” monitor 

at 1024×768 

 

Previous single 

monitor only user 

& previous 

multi-monitor 

user 

Students & 

university 

employees: 

moderate 

competency 

with Microsoft 

Office 

applications 

Productivity: actual 

task time, window 

management activity 

events 

 

Subjective: user-

perceived task time, 

mental workload, 

comparisons between 

single & dual monitor 

use 

Office and 

communication-

related computing 

multitasking tasks: 

plan business trip  

(1) Faster completion time & lower 

subjective mental workload, (2) 

more useful, easier to use, increased 

timesaving & provided better 

overall impression, (3) either alt+tab 

or window move/resize  

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth evaluation 

of perceived productivity 

benefits & preference, low-

task complexity & too few 

tasks 

Owens et 

al. (2012) 

Single 17” 

monitor, dual 17” 

monitors, single 

22” monitor, & 

dual 22” 

monitors 

Members of 

local 

community: 

work in an 

office 

environment & 

conduct office-

computing tasks 

Productivity: time on 

task, task success, task 

efficiency, window 

management & mouse 

activity events 

 

Subjective: mental 

workload, satisfaction, 

preference rankings 

Simulated office 

multitasking tasks: 

create PowerPoint 

presentation, office 

newsletter, financial 

report, & business-

meeting packet  

(1) Fewer window switches, mouse 

clicks, faster mouse movement, & 

more window & desktop visibility, 

(2) feeling more rushed, working 

harder, & higher frustrations with 

small single monitor, (3) 98% 

ranked multiple monitors most 

satisfying & preferred, (4) all 

monitors had equal task efficiency, 

mental demand, physical demand, & 

performance  

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth evaluation 

of perceived productivity 

benefits & preference 

Haskins, 

Patzer, et 

al. 

(2015b) 

Single 24.1” 

monitor at 

1920×1200 & 

dual 24.1” 

monitors 

Members of 

local 

community: 

multi-monitor 

users 

Productivity: task 

time, task success, 

efficiency, window 

management & mouse 

activity events  

 

Subjective: mental 

workload, satisfaction, 

preference rankings 

Simulated office 

multitasking tasks: 

create business 

poster, office 

newsletter, project 

management 

spreadsheet, & 

business-meeting 

packet  

(1) Better task efficiency, more 

maximized windows, fewer window 

switches, less occupied total screen 

real estate, & faster mouse 

movement, (2) higher satisfaction & 

preference  

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth evaluation 

of perceived productivity 

benefits & preference, 

exclusively recruited multi-

monitor users 

Haskins, 

Patzer, 

Turner, 

Siu, 

Smith, et 

al. (2015) 

Laptop with 

12.5” screen at 

1366×768, dual 

24.1" monitors at 

1920×1200, & 

laptop 12.5” plus 

external 24.1” 

monitor 

Members of 

local 

community: 

multi-monitor 

users 

Productivity: task 

time, task success, 

efficiency, window 

management & mouse 

activity events  

 

Subjective: mental 

workload, satisfaction, 

preference rankings 

Simulated office 

multitasking tasks: 

create office 

newsletter, financial 

report, & business-

meeting packet 

(1) Fewer mouse clicks & page 

scrolls, & less frequent maximized 

windows, (2) higher satisfaction 

(either multimontior condition), (3) 

87.5% ranked dual external most 

preferred, 12.5% ranked 

laptop+external most preferred 

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth evaluation 

of perceived productivity 

benefits & preference, 

exclusively recruited multi-

monitor users 
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Summary of Size by Resolution Research 
 

Study 

Reference 

Display(s) 

Tested Population 

Productivity 

Measures Tasks Major Findings Knowledge Gap 

Simmons 

(2001) 

Compaq 15”, 17” 

19” & 21” 

 

640×480, 

800×600, 

1024×768, 

1152×864, 

1280×1024, 

1600×1200 

Unknown Productivity: task 

completion, proportion 

of tasks attempted, 

task success 

 

Subjective: preference 

ranking 

Answer a packet of 

questions, simple 

multitasking task, 

view web 

pages/Word 

document, create a 

PowerPoint 

presentation 

(1) Optimal resolution 800×600 for 

15” & 17”, 1024×768 for 19”, & 

1152×864 for 21”, (2) faster Excel 

completion time for 19” & 21”, (3) 

19” & 21” preferred, with 19” most 

preferred  

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth evaluation 

of perceived productivity 

benefits & preference, no 

objective measures for direct 

pixel density comparison  

Haskins, 

Patzer, et 

al. (2015a) 

23.8” & 27” 

 

1920×1080, 

2560×1440, 

3840×2160 

Members of 

local 

community: 

multi-monitor 

users 

Productivity: task 

time, task success, 

efficiency, window 

management & mouse 

activity events  

 

Subjective: mental 

workload, satisfaction, 

preference rankings 

Simulated office 

multitasking tasks: 

create business 

poster, office 

newsletter, project 

management 

spreadsheet, 

business-meeting 

packet, company 

presentation, & 

financial report 

(1) Monitor configurations 

objectively equal, (2) 1920×1080 

highest satisfaction regardless of 

size, (3) 3840×2160 lowest 

satisfaction (4) equal task 

efficiency, task time, & overall task 

success  

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth evaluation 

of perceived productivity 

benefits & preference, 

exclusively recruited multi-

monitor users 

Bridgeman 

et al. 

(2003) 

15” & 17” 

 

640×480 & 

1024×768 

 

0-second 

presentation 

delay & 5-second 

delay 

High school 

juniors 

Objective: math & 

verbal test score 

 

Subjective: preference, 

perceived 

performance, fatigue, 

interference of 

individual computer 

features, overall 

comments 

Standardized test 

(SAT) 

(1) Higher verbal scores with17” at 

1024×768, (2) scrolling interfered 

verbal portion on 15” at 640×480, 

(3) disliked excessive scrolling on 

15” at 640×480 & non-optimal text 

size 

Minimal object comparison 

measures, unequal 

comparison conditions 

 

 



182 

Summary of Large, High-Resolution Display (LHRD) Research 

Study 

Reference 

Display(s) 

Tested Population 

Productivity 

Measures Tasks Findings Knowledge Gap 

Czerwinski 

et al. (2003) 

15” monitor & 

42” display at 

3072×768 

Members of 

local 

community: 

expert 

Windows & 

Office users 

Productivity: 

information recall, 

task time, & observed 

usability issues 

 

Subjective: usability 

issues, satisfaction, & 

comments 

10 multitasking 

isomorphic tasks 

(1) Marginally better information 

recall & faster complete times, (2) 

higher satisfaction, (4) usability 

issues: screen too bright, seated too 

close, & frequently lost cursor 

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in-depth 

evaluation of perceived 

productivity benefits & 

preference, too few 

productivity measurements 

Klinke et al. 

(2014) 

50” display at 

3840×2160, 25” 

display at 

1920×1080, & 

unspecified 

smaller display 

size at 1024×768 

University 

faculty & 

students from 

various majors 

Productivity: task time 

& error rate 

 

Subjective: mental 

workload, satisfaction, 

preference ranking, 

perceived advantages 

& disadvantages, & 

comments 

Multi-source 

information 

combining task, 

long-document 

list search task, & 

color & shape 

matching task 

(1) Faster multi-tasking & matching, 

slower list searching, (2) fewer multi-

tasking errors, more list search & 

matching errors, (3) higher 

satisfaction & lower subjective 

mental workload, (4) likes: ample 

space & low switch rate, (5) dislikes: 

unfamiliarity of size, loss of focus, 

feeling too close, & lack of privacy, 

(6) 33% preferred LHRD for daily 

work, 67% preferred medium, FHD  

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth 

evaluation of perceived 

productivity benefits & 

preference, low-task 

complexity, & lack of 

objective productivity 

measures 

Bi and 

Balakrishnan 

(2009) 

17’ display at 

6144×2304,  

 

Single monitor 

(17”-21”) user, 

dual monitors 

(18”-21”) user 

Experienced 

single & dual 

monitor users 

Productivity: window 

management, mouse, 

& key activity events, 

& desktop & window 

visibility 

 

Subjective: activities 

performed, 

benefits/hindrances of 

use, distance from 

screen, display 

comparison ranking, & 

subjective comments  

Routine work on 

experimental 

computer 

(1) Concurrent multi-window 

viewing, minimal window overlap, 

easy to read windows, interaction 

without excessive scrolling, 

improved awareness of secondary 

applications, & increased task 

immersion & focus, (2) focal region 

at screen center, remaining was 

peripheral region, (3) overwhelming 

preferred 

Small sample size & short-

term exposure to display 

Noah et al. 

(2017) 

55” 4K TV & 6-

tiled, standard 

monitor layout 

University 

students 

Productivity: 

discharged tanks 

count, tank percent 

capacity at time of 

discharge, tank log 

Simulated tank 

farm task: monitor 

& discharge tanks 

& continuously 

log tank levels 

(1) 55” better tank filling detection & 

faster navigation to discharge screen, 

(2) few objective differences between 

displays  

Lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in depth 

evaluation of perceived 
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count, overall 

performance on tank 

monitoring & logging, 

system interaction 

times, & situation 

awareness 

 

Subjective: mental 

workload, situation 

awareness, 

usability/satisfaction, 

& display comparisons 

productivity benefits & 

preference, & low-task 

complexity 

Ball and 

North (2005) 

Single 17” 

monitor at 

1280×1024, 4 

tiled 17” 

monitors, & 9 

titled 17” 

monitors 

 

Small, medium, 

& large target 

size 

 

Find target & 

compare target 

task type 

University 

students from 

various majors 

Productivity: location 

time 

 

Subjective: behavior 

observations 

Locate single 

target amongst 

distractors & find 

matching pair of 

targets amongst 

distractors 

(1) Display configurations 

objectively equal, (2) more screen 

space enabled physical navigation, 

reduced navigation repetition, 

increased reporting confidence, "big 

picture" examination, & reduced 

zoom need, (3) small & medium 

targets on 9 & 4-tiled display: faster 

target matching & target location 

(small targets on large display only), 

(4) 4-tiled always equal or better than 

single monitor,  

No in-depth evaluation of 

perceived productivity 

benefits & preference, too 

few objective measurements 

Ni, 

Bowman, et 

al. (2006)  

Single 18.8” 

display & single 

48” display 

 

1280×720 & 

2560×1440 

Non-gamer 

university 

students 

Productivity: 

completion time 

 

Subjective: navigation 

difficulty, legibility of 

text, reliance on 

wayfinding aid, screen 

real estate usage, & 

comments 

Navigation target 

room(s), then 

search & 

comparison 

perceptual and 

abstract 

information 

(1) Faster completion, easier 

navigation, best text legibility, & 

physical navigation, (2) wayfinding 

aid improved completion time for all 

displays  

Little in depth evaluation in-

depth evaluation of perceived 

productivity benefits & 

preference, too few 

productivity measurements 
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Yang et al. 

(2010) 

Gigapixel 

display, physical 

paper, & 

unspecified size 

single monitor 

Industrial 

systems 

engineering & 

computer 

science 

graduate 

students 

Productivity: task time 

& task accuracy 

 

Subjective: perceived 

efficiency & 

effectiveness, 

facilitator 

observations, & 

comments 

Read long 

document, then 

write short 

summary & 

answer question 

packet 

(1) Slightly faster information search 

& summary times, improved 

summary & question accuracy, more 

physical navigation, & easier & 

faster information navigation, (2) 

similar performance & subjective 

ratings for LHRD & physical paper, 

(3) customize paper organization & 

easy side-by-side comparisons of 

components, (4) slightly higher 

efficiency & effectiveness, (5) equal 

task time, accuracy, self-reported 

efficiency & effectiveness for all 

displays  

Low complexity task 

selection, & lack of objective 

productivity measures 

Rajabiyazdi 

et al. (2015) 

17.33’ display at 

9600×3600 

 

Researcher 

discipline 

University 

faculty & 

student 

researchers 

from 14 

different 

disciplines 

Subjective: facilitator 

observation, how user 

data is typically 

examined & 

processed, experience 

of using large, high-

resolution display, & 

possible future uses of 

a large, high-

resolution display 

Big data routine 

work on 

experimental 

computer 

(1) 4 categories of interaction: 

immersive observation, observation, 

collaboration, & education, (2) 

enabled new insight & publishable 

discoveries 

Missing workstation 

information & low 

population representation 

Reda et al. 

(2015) 

CAVE2 display 

using 3-column, 

4-row at 

4098×3072 & 

CAVE2 display 

using 13-

column, 4-row at 

17758×3072 

Computer 

science 

graduate 

students 

Productivity: 

exploration time, 

observation count, 

observation rate, 

hypotheses count, 

hypotheses rate, & 

breadth of discovered 

insights 

 

Subjective: facilitator 

observed interaction 

behaviors  

Explore supplied 

data and answer 

user- or 

facilitator- 

generate question 

packet 

(1) Enabled more observations, 

longer data exploration, & more 

complex & broad observations & 

hypotheses, (2) less frequent data 

layout rearranging &faster transitions 

between exploration goals to 

hypotheses, 

Based on small 

sample/preliminary findings, 

lacked end-user 

requirements-gathering for 

task set, little in depth 

evaluation in-depth 

evaluation of perceived 

productivity benefits & 

preference 
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APPENDIX B 

STUDY 1 SURVEY OF USES AND BENEFITS OF HIGHER-RESOLUTION MONITORS 

 

1. Is English your native language? 

a. Yes (1)  

b. No (2)  

2. Are you a fluent English speaker? 

a. Yes (1)  

b. No (2)  

3. What is your age?  

4. What is your gender? 

a. Male (1)  

b. Female (2)  

c. Other (3) _______________ 

5. What is the resolution of your computer monitor? 

a. Apple Retina display (2)  

b. 5K (5120×2880) (1)  

c. 4K ultra high definition (3840×2160) (3)  

d. Quad high definition (2560×1440) (4)  

e. Full high definition (1920×1080) (5)  

f. Other (6)  

g. I do not know (7)  

6. Please specify the resolution of your computer monitor. 

7. What does this computer monitor belong to? 

a. Laptop (6)  

b. External monitor connected to a laptop (11)  

c. Desktop (8)  

d. Other (9)  

e. I do not know (10)  

8. What is the make/model of the computer monitor you currently use? Put n/a if you do not 

know or can't remember.  

9. What is the size of the computer monitor you currently use? Put n/a if you do not know or 

cannot remember 

10. In what situations do you use this computer? Check all that apply. 

a. At work (1)  

b. At home (2)  

c. For gaming (3)  

11. On average, how many days a week do you use a laptop or desktop computer? 

a. Less than once a week (1)  

b. 1-2 days (2)  

c. 3-4 days (3)  

d. 5-6 days (4)  

e. Daily (5)  

12. On average, how many hours a day do you use a laptop or desktop computer? 
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a. Less than 1 hour (1)  

b. 1-2 hours (2)  

c. 3-4 hours (3)  

d. 5-6 hours (4)  

e. 7-8 hours (5)  

f. More than 8 hours (6)  

13. What is your profession? 

a. ▼ Accountant (1) ... Other (16) 

14. Please specify your [other] profession.  

15. For how long have you worked in your profession? 

16. For how long have you been working on your current major?  

17. What was the resolution of your PREVIOUS computer monitor? 

a. Apple Retina display (2)  

b. 5K (5120×2880) (1)  

c. 4K ultra high definition (3840×2160) (3)  

d. Quad high definition (2560×1440) (4)  

e. Full high definition (1920×1080) (5)  

f. Other (6) _______________ 

g. I do not know/I cannot remember (7)  

h. I have never used a different resolution (8) 

18. For how long have you been using a high-resolution computer monitor? Please label in 

months or years.  

19. Please mark which of the following activities you perform using a high-resolution laptop 

or desktop computer monitor. Check all that apply. 

a. 3D modeling (1)  

b. Architectural drawings (19)  

c. Data analysis (2)  

d. Emailing (5)  

e. Digital illustrations (3)  

f. Instant messaging (6)  

g. Interacting with spreadsheets (7)  

h. Monitoring information dashboards (9)  

i. Photo editing (8)  

j. Playing video games (10)  

k. Preparing presentation slides (11)  

l. Programming/coding (12)  

m. Reading digital news/books/articles/pdfs (13)  

n. Video editing (4)  

o. Viewing images (14)  

p. Voice/video chatting (15)  

q. Watching movies/TV/videos (16)  

r. Web browsing (17)  

s. Web presenting/screen sharing (21)  

t. Word processing (18)  

20. Do you perform any other activities using a high-resolution laptop or desktop computer 

monitor? 
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a. Yes (1)  

b. No (2)  

21. Please list any other activities you perform using a high-resolution computer monitor.  

a. Activity 1 _______________ 

b. Activity 2 _______________ 

c. Activity 3 _______________ 

d. Activity 4 _______________ 

e. Activity 5 _______________ 

22. Compared to a lower resolution monitor, how do you rate your performance or 

productivity with a high-resolution monitor for the following tasks: 

Much worse, somewhat worse, no noticeable difference, somewhat better much better, N/A 

a. [Activity 1]  

b. [Activity 2] 

c. [Activity 3] 

d. [Activity 4] 

e. [Activity 5]  

23. Please explain a few ways in which your productivity or performance is better when 

[Activity 1] using a high-resolution computer monitor.  

24. Please explain a few ways in which your productivity or performance is better when 

[Activity 2] using a high-resolution computer monitor.  

25. Please explain a few ways in which your productivity or performance is better when 

[Activity 3] using a high-resolution computer monitor.  

26. Please explain a few ways in which your productivity or performance is better when 

[Activity 4] using a high-resolution computer monitor.  

27. Please explain a few ways in which your productivity or performance is better when 

[Activity 5] using a high-resolution computer monitor.  

28. Compared to a lower resolution monitor, how do you rate your performance or 

productivity with a high-resolution monitor for the following tasks: 

Much worse, somewhat worse, no noticeable difference, somewhat better much better, N/A 

a. 3D modeling 

b. Architectural drawings  

c. Data analysis 

d. Emailing 

e. Digital illustrations 

f. Instant messaging 

g. Interacting with spreadsheets 

h. Monitoring information dashboards 

i. Photo editing 

j. Playing video games  

k. Preparing presentation slides  

l. Programming/coding  

m. Reading digital news/books/articles/pdfs 

n. Video editing 

o. Viewing images  

p. Voice/video chatting  

q. Watching movies/TV/videos 
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r. Web browsing 

s. Web presenting/screen sharing  

t. Word processing  

For the next several questions, you will be asked to answer several open-ended questions based 

on your previous responses.  

29. Please explain a few ways in which your productivity or performance is better when 3D 

modeling using a high-resolution computer monitor.  

30. Please explain a few ways in which your productivity or performance is better 

when creating/editing architectural drawings using a high-resolution computer 

monitor.  

31. Please explain a few ways in which your productivity or performance is better 

when analyzing data using a high-resolution computer monitor. 

32. Please explain a few ways in which your productivity or performance is better 

when emailing using a high-resolution computer monitor.  

33. Please explain a few ways in which your productivity or performance is better 

when creating/editing digital illustrations using a high-resolution computer monitor.  

34. Please explain a few ways in which your productivity or performance is better 

when instant messaging using a high-resolution computer monitor.  

35. Please explain a few ways in which your productivity or performance is better 

when monitoring information dashboards using a high-resolution computer monitor. 

36. Please explain a few ways in which your productivity or performance is better 

when interacting with spreadsheets using a high-resolution computer monitor.  

37. Please explain a few ways in which your productivity or performance is better 

when editing photos using a high-resolution computer monitor.  

38. Please explain a few ways in which your productivity or performance is better 

when playing computer video games using a high-resolution computer monitor.  

39. Please explain a few ways in which your productivity or performance is better 

when preparing presentation slides using a high-resolution computer monitor.  

40. Please explain a few ways in which your productivity or performance is better 

when programming/coding using a high-resolution computer monitor.  

41. Please explain a few ways in which your productivity or performance is better 

when reading digital news/books/articles/pdfs using a high-resolution computer 

monitor.  

42. Please explain a few ways in which your productivity or performance is better 

when editing videos using a high-resolution computer monitor.  

43. Please explain a few ways in which your productivity or performance is better 

when viewing images using a high-resolution computer monitor.  

44. Please explain a few ways in which your productivity or performance is better 

when voice/video chatting using a high-resolution computer monitor.  

45. Please explain a few ways in which your productivity or performance is better 

when watching movies/TV/videos using a high-resolution computer monitor.  

46. Please explain a few ways in which your productivity or performance is better when web 

browsing using a high-resolution computer monitor.  

47. Please explain a few ways in which your productivity or performance is better when web 

presenting/screen sharing using a high-resolution computer monitor.  

48. Please explain a few ways in which your productivity or performance is better 
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when word processing using a high-resolution computer monitor.  

49. What do you like about using a higher resolution computer monitor for work?  

50. What do you dislike about using a higher resolution computer monitor for work?  

51. What do you like about using a higher resolution computer monitor for leisure 

(excluding playing video games)?  

52. What do you dislike about using a higher resolution computer monitor for 

leisure (excluding playing video games)?  

53. How frequently do you play laptop or desktop computer video games?  

a. A few times a year (1)  

b. Once a month (2)  

c. Once a week (3)  

d. 2-3 times a week (4)  

e. 4-6 times a week (5)  

f. Daily (6)  

54. On average, how many hours do you spend playing laptop or desktop computer video 

games per week? 

a. Less than 1 hour (1)  

b. 1-4 hours (2)  

c. 5-9 hours (3)  

d. 10-19 hours (4)  

e. 20-29 hours (5)  

f. 30-39 hours (6)  

g. 40 hours or more (7) 

55. What kinds of laptop or desktop computer video games do you typically play? Check 

all that apply. 

a. Action (1)  

b. Adventure (2)  

c. Driving (3)  

d. Education/Edutainment (4)  

e. Fighting (5)  

f. Fitness (6)  

g. Music/Dance (7)  

h. Puzzle/Card (8)  

i. Retro/Classic (9)  

j. Role Playing (10)  

k. Simulation (11)  

l. Social/Social Network (12)  

m. Sports (13)  

n. Strategy (14)  

56. What type of laptop or desktop computer video game player do you consider yourself? 

a. Newbie/Novice (1)  

b. Casual (2)  

c. Mid-core/Core (3)  

d. Hardcore/Expert (4)  

57. What do you like about using a higher resolution computer display for playing laptop or 

desktop computer video games? 
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58. What do you dislike about using a higher resolution computer display for playing laptop 

or desktop computer video games?  
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APPENDIX C 

COMMONLY PERFORMED ACTIVITIES BY PROFESSION 

 

 Healthcare 

Comp Science 

& Engineering 

Life, Physical, 

& Social 

Sciences 

Business & 

Management Education 

Task % n % n % n % n % n 

Web browsing 89.19 33 82.86 29 91.43 32 96.55 28 87.50 14 

Emailing 91.89 34 60.00 21 91.43 32 100.00 29 68.75 11 

Watching 

movies/ 

TV/videos 

78.38 29 77.14 27 68.57 24 68.97 20 87.50 14 

Viewing images  70.27 26 80.00 28 80.00 28 79.31 23 62.50 10 

Word processing 67.57 25 80.00 28 62.86 22 62.07 18 75.00 12 

Instant 

messaging 

64.86 24 57.14 20 57.14 20 72.41 21 50.00 8 

Preparing 

presentation 

slides 

67.57 25 60.00 21 65.71 23 58.62 17 56.25 9 

Digital Reading 37.84 14 57.14 20 45.71 16 51.72 15 43.75 7 

Playing video 

games 

40.54 15 68.57 24 31.43 11 34.48 10 43.75 7 

Interacting with 

spreadsheets 

43.24 16 40.00 14 54.29 19 51.72 15 37.50 6 

Voice/video 

chatting 

48.65 18 40.00 14 40.00 14 51.72 15 50.00 8 

Photo editing 37.84 14 48.57 17 25.71 9 44.83 13 37.50 6 

Data analysis 18.92 7 40.00 14 25.71 9 31.03 9 18.75 3 

Video editing 18.92 7 40.00 14 2.86 1 20.69 6 31.25 5 

Web presenting/ 

screen sharing 

10.81 4 31.43 11 22.86 8 27.59 8 0.00 0 

Monitoring info 

dashboards 

13.51 5 25.71 9 14.29 5 34.48 10 18.75 3 

Programming/ 

coding 

5.41 2 60.00 21 11.43 4 6.90 2 12.50 2 

Digital 

illustrations 

0.00 0 25.71 9 2.86 1 10.34 3 0.00 0 

3D modeling 2.70 1 31.43 11 0.00 0 3.45 1 6.25 1 

Architectural 

drawings 

2.70 1 11.43 4 0.00 0 3.45 1 0.00 0 
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 Digital Creative Finance Analytics Student Other 

Task % n % n % n % n % n 

Web browsing 100.00 13 100.00 8 83.33 5 85.71 6 94.44 17 

Emailing 53.85 7 87.50 7 83.33 5 85.71 6 88.89 16 

Watching 

movies/ 

TV/videos 

61.54 8 62.50 5 66.67 4 71.43 5 83.33 15 

Viewing images  84.62 11 75.00 6 66.67 4 57.14 4 77.78 14 

Word processing 61.54 8 50.00 4 66.67 4 71.43 5 61.11 11 

Instant 

messaging 

53.85 7 75.00 6 50.00 3 85.71 6 61.11 11 

Preparing 

presentation 

slides 

46.15 6 50.00 4 100.00 6 42.86 3 33.33 6 

Digital Reading 61.54 8 37.50 3 33.33 2 57.14 4 55.56 10 

Playing video 

games 

38.46 5 37.50 3 33.33 2 57.14 4 66.67 12 

Interacting with 

spreadsheets 

46.15 6 75.00 6 66.67 4 42.86 3 38.89 7 

Voice/video 

chatting 

38.46 5 50.00 4 33.33 2 42.86 3 27.78 5 

Photo editing 84.62 11 25.00 2 50.00 3 57.14 4 50.00 9 

Data analysis 46.15 6 50.00 4 50.00 3 42.86 3 33.33 6 

Video editing 53.85 7 0.00 0 16.67 1 28.57 2 16.67 3 

Web presenting/ 

screen sharing 

30.77 4 25.00 2 33.33 2 42.86 3 16.67 3 

Monitoring info 

dashboards 

30.77 4 25.00 2 50.00 3 42.86 3 11.11 2 

Programming/ 

coding 

7.69 1 0.00 0 16.67 1 14.29 1 11.11 2 

Digital 

illustrations 

38.46 5 0.00 0 0.00 0 28.57 2 16.67 3 

3D modeling 23.08 3 0.00 0 0.00 0 14.29 1 11.11 2 

Architectural 

drawings 

7.69 1 0.00 0 0.00 0 14.29 1 11.11 2 
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APPENDIX D 

PERCEIVED PRODUCTIVITY BENEFIT BY USER POPULATION 

 

 Healthcare 

Comp Science 

& Engineering 

Life, Physical, 

& Social 

Sciences 

Business & 

Management Education 

Task % n % n % n % n % n 

Web browsing 81.82 27 65.52 19 78.13 25 71.43 20 64.29 9 

Emailing 73.53 25 33.33 7 40.63 13 51.72 15 27.27 3 

Watching 

movies/ 

TV/videos 

93.10 27 92.59 25 95.83 23 90.00 18 100.00 14 

Viewing images  88.46 23 92.86 26 89.29 25 86.96 20 100.00 10 

Word processing 80.00 20 60.71 17 68.18 15 61.11 11 33.33 4 

Instant 

messaging 

62.50 15 45.00 9 50.00 10 66.67 14 37.50 3 

Preparing 

presentation 

slides 

92.00 23 80.95 17 78.26 18 58.82 10 77.78 7 

Digital Reading 85.71 12 75.00 15 87.50 14 86.67 13 57.14 4 

Playing video 

games 

100.00 15 83.33 20 90.91 10 90.00 9 100.00 7 

Interacting with 

spreadsheets 

62.50 10 85.71 12 57.89 11 60.00 9 83.33 5 

Voice/video 

chatting 

88.89 16 85.71 12 78.57 11 93.33 14 87.50 7 

Photo editing 92.86 13 88.24 15 88.89 8 100.00 13 100.00 6 

Data analysis 71.43 5 71.43 10 44.44 4 88.89 8 100.00 3 

Video editing 85.71 6 92.86 13 0.00 0 83.33 5 100.00 5 

Web presenting/ 

screen sharing 

75.00 3 54.55 6 100.00 8 87.50 7 0.00 0 

Monitoring info 

dashboards 

60.00 3 66.67 6 40.00 2 80.00 8 66.67 2 

Programming/ 

coding 

0.00 0 66.67 14 100.00 4 100.00 2 100.00 2 

Digital 

illustrations 

0.00 0 100.00 9 100.00 1 66.67 2 0.00 0 

3D modeling 100.00 1 81.82 9 0.00 0 100.00 1 100.00 1 

Architectural 

drawings 

100.00 1 75.00 3 0.00 0 100.00 1 0.00 0 

 

  



194 

 Digital Creative Finance Analytics Student Other 

Task % n % n % n % n % n 

Web browsing 84.62 11 75.00 6 40.00 2 83.33 5 94.12 16 

Emailing 14.29 1 57.14 4 40.00 2 66.67 4 62.50 10 

Watching 

movies/ 

TV/videos 

87.50 7 100.00 5 75.00 3 100.00 5 100.00 15 

Viewing images  100.00 11 100.00 6 75.00 3 100.00 4 100.00 14 

Word processing 25.00 2 50.00 2 25.00 1 40.00 2 72.73 8 

Instant 

messaging 

57.14 4 50.00 3 33.33 1 83.33 5 45.45 5 

Preparing 

presentation 

slides 

66.67 4 100.00 4 83.33 5 66.67 2 83.33 5 

Digital Reading 75.00 6 100.00 3 50.00 1 75.00 3 100.00 10 

Playing video 

games 

80.00 4 100.00 3 100.00 2 75.00 3 100.00 12 

Interacting with 

spreadsheets 

50.00 3 100.00 6 50.00 2 33.33 1 85.71 6 

Voice/video 

chatting 

60.00 3 75.00 3 50.00 1 100.00 3 60.00 3 

Photo editing 72.73 8 100.00 2 66.67 2 75.00 3 100.00 9 

Data analysis 100.00 6 50.00 2 66.67 2 66.67 2 83.33 5 

Video editing 85.71 6 0.00 0 0.00 0 50.00 1 100.00 3 

Web presenting/ 

screen sharing 

100.00 4 100.00 2 50.00 1 100.00 3 100.00 3 

Monitoring info 

dashboards 

100.00 4 100.00 2 100.00 3 33.33 1 100.00 2 

Programming/ 

coding 

0.00 0 0.00 0 0.00 0 100.00 1 100.00 2 

Digital 

illustrations 

80.00 4 0.00 0 0.00 0 100.00 2 100.00 3 

3D modeling 100.00 3 0.00 0 0.00 0 100.00 1 100.00 2 

Architectural 

drawings 

100.00 1 0.00 0 0.00 0 100.00 1 100.00 2 

 

  



195 

APPENDIX E 

PERCEIVED PRODUCTIVITY NON-BENEFIT BY USER POPULATION 

 

 Healthcare 

Comp Science 

& Engineering 

Life, Physical, 

& Social 

Sciences 

Business & 

Management Education 

Task % n % n % n % n % n 

Web browsing 18.18 6 34.48 10 21.88 7 28.57 8 35.71 5 

Emailing 26.47 9 66.67 14 59.38 19 48.28 14 72.73 8 

Watching 

movies/ 

TV/videos 

6.90 2 7.41 2 4.17 1 10.00 2 0.00 0 

Viewing images  11.54 3 7.14 2 10.71 3 13.04 3 0.00 0 

Word processing 20.00 5 39.29 11 31.82 7 38.89 7 66.67 8 

Instant 

messaging 

37.50 9 55.00 11 50.00 10 33.33 7 62.50 5 

Preparing 

presentation 

slides 

8.00 2 19.05 4 21.74 5 41.18 7 22.22 2 

Digital Reading 14.29 2 25.00 5 12.50 2 13.33 2 42.86 3 

Playing video 

games 

0.00 0 16.67 4 9.09 1 10.00 1 0.00 0 

Interacting with 

spreadsheets 

37.50 6 14.29 2 42.11 8 40.00 6 16.67 1 

Voice/video 

chatting 

11.11 2 14.29 2 21.43 3 6.67 1 12.50 1 

Photo editing 7.14 1 11.76 2 11.11 1 0.00 0 0.00 0 

Data analysis 28.57 2 28.57 4 55.56 5 11.11 1 0.00 0 

Video editing 14.29 1 7.14 1 100.00 1 16.67 1 0.00 0 

Web presenting/ 

screen sharing 

25.00 1 45.45 5 0.00 0 12.50 1 0.00 0 

Monitoring info 

dashboards 

40.00 2 33.33 3 60.00 3 20.00 2 33.33 1 

Programming/ 

coding 

100.00 2 33.33 7 0.00 0 0.00 0 0.00 0 

Digital 

illustrations 

0.00 0 0.00 0 0.00 0 33.33 1 0.00 0 

3D modeling 0.00 0 18.18 2 0.00 0 0.00 0 0.00 0 

Architectural 

drawings 

0.00 0 25.00 1 0.00 0 0.00 0 0.00 0 
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 Digital Creative Finance Analytics Student Other 

Task % n % n % n % n % n 

Web browsing 15.38 2 25.00 2 60.00 3 16.67 1 5.88 1 

Emailing 85.71 6 42.86 3 60.00 3 33.33 2 37.50 6 

Watching 

movies/ 

TV/videos 

12.50 1 0.00 0 25.00 1 0.00 0 0.00 0 

Viewing images  0.00 0 0.00 0 25.00 1 0.00 0 0.00 0 

Word processing 75.00 6 50.00 2 75.00 3 60.00 3 27.27 3 

Instant 

messaging 

42.86 3 50.00 3 66.67 2 16.67 1 54.55 6 

Preparing 

presentation 

slides 

33.33 2 0.00 0 16.67 1 33.33 1 16.67 1 

Digital Reading 25.00 2 0.00 0 50.00 1 25.00 1 0.00 0 

Playing video 

games 

20.00 1 0.00 0 0.00 0 25.00 1 0.00 0 

Interacting with 

spreadsheets 

50.00 3 0.00 0 50.00 2 66.67 2 14.29 1 

Voice/video 

chatting 

40.00 2 25.00 1 50.00 1 0.00 0 40.00 2 

Photo editing 27.27 3 0.00 0 33.33 1 25.00 1 0.00 0 

Data analysis 0.00 0 50.00 2 33.33 1 33.33 1 16.67 1 

Video editing 14.29 1 0.00 0 100.00 1 50.00 1 0.00 0 

Web presenting/ 

screen sharing 

0.00 0 0.00 0 50.00 1 0.00 0 0.00 0 

Monitoring info 

dashboards 

0.00 0 0.00 0 0.00 0 66.67 2 0.00 0 

Programming/ 

coding 

100.00 1 0.00 0 100.00 1 0.00 0 0.00 0 

Digital 

illustrations 

20.00 1 0.00 0 0.00 0 0.00 0 0.00 0 

3D modeling 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 

Architectural 

drawings 

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 
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APPENDIX F 

THEME INFLUENCE BREAKDOWN BY ACTIVITY 

 

Activity Theme 
Contributing 

Attribute Count 

Influence 

Weight (%) 

Total 

Codes 

Web browsing Improved graphics quality 109 63.37 172 

Improved work output efficiency 33 19.19 

Increased onscreen information 30 17.44 

Emailing Improved graphics quality 55 63.95 86 

Improved work output efficiency 23 26.74 

Increased onscreen information 8 9.30 

Viewing images Improved graphics quality 120 58.54 205 

Improved work output efficiency 18 8.78 

Increased onscreen information 67 32.68 

Watching 

movies/TV/videos 

Improved graphics quality 127 65.13 195 

Improved work output efficiency 40 20.51 

More onscreen information 28 14.36 

Word processing Improved graphics quality 51 51.52 99 

Improved work output efficiency 31 31.31 

Increased onscreen information 17 17.17 

Instant messaging Improved graphics quality 22 53.66 41 

Improved work output efficiency 10 24.39 

Increased onscreen information 9 21.95 

Preparing presentation 

slides 

Improved graphics quality 54 48.65 111 

Improved work output efficiency 41 36.94 

Increased onscreen information 17 15.32 

Digital reading Improved graphics quality 95 74.80 127 

Improved work output efficiency 11 8.66 

Increased onscreen information 21 16.54 

Playing video games Improved graphics quality 57 44.88 127 

Improved gaming efficiency 49 38.58 

Increased onscreen information 22 17.32 

Interacting with 

spreadsheets 

Improved graphics quality 36 40.91 88 

Improved work output efficiency 27 30.68 

Increased onscreen information 26 29.55 

Voice/video chatting Improved graphics quality 68 71.58 95 
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Improved work output efficiency 21 22.11 

Increased onscreen information 7 7.37 

Photo editing Improved graphics quality 52 47.27 110 

Improved work output efficiency 36 32.73 

Increased onscreen information 22 20.00 

Data analysis Improved graphics quality 28 50.91 55 

Improved work output efficiency 12 21.82 

Increased onscreen information 15 27.27 

Video editing Improved graphics quality 20 29.85 67 

Improved work output efficiency 31 46.27 

Increased onscreen information 16 23.88 

Web presenting/screen 

sharing 

Improved graphics quality 21 70.00 30 

Improved work output efficiency 5 16.67 

More onscreen information 4 13.33 

Monitoring info 

dashboards 

Improved graphics quality 16 42.11 38 

Improved work output efficiency 7 18.42 

Increased onscreen information 15 39.47 

Programming/coding Improved graphics quality 10 34.48 29 

Improved work output efficiency 5 17.24 

Increased onscreen information 14 48.28 

Digital illustrations Improved graphics quality 15 38.46 39 

Improved work output efficiency 12 30.77 

Increased onscreen information 12 30.77 
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APPENDIX G 

ACTIVITY ATTRIBUTE BREAKDOWN BY THEME 

 

 
Improved graphics quality 

Improved work output 

efficiency 

Increased onscreen 

information 

Activity Attribute Count Attribute Count Attribute Count 

Web 

browsing 
Clear/sharp graphics 68 

Improved 

comprehension 
12 

More 

information/page 
20 

Reduced eye strain 28 Faster work output 7 
Simultaneous 

windows 
7 

Greater color 

variation 
6 

Improved 

information location 
7 

Reduced need to 

zoom/scroll 
3 

Improved small 

detail visibility 
5 

Improved machine 

performance 
6 

  
Reduced graphic 

distortion 
2 Improved accuracy 1 

   
Emailing Reduced eye 

discomfort 
35 

Improve work 

output quality 
7 More workspace 3 

Clear/sharp graphics 18 
Improved 

information location 
4 

Simultaneous 

windows 
3 

Reduced graphic 

distortion 
1 Improved accuracy 3 

More 

information/page 
2 

Greater color 

variation 
1 

Improved 

comprehension 
3 

  

  Faster work output 3   

   

Improved machine 

performance 
3 

   
Viewing 

images 
Clear/sharp graphics 81 Improved accuracy 6 

More 

information/page 
45 

Reduced graphic 

distortion 
14 Improved focus 6 

Reduced need to 

zoom/scroll 
12 

Realistic colors 10 Faster work output 6 More workspace 8 

Reduced eye 

discomfort 
6 

  

Simultaneous 

windows 
2 

Improved small 

detail visibility 
5 

    
Greater color 

variation 
4 

      
Watching 

movies/TV/vi

deos 

Clear/sharp graphics 90 
Improved 

experience 
33 

More 

information/page 
21 

Reduced graphic 

distortion 
16 

Improved machine 

performance 
5 More workspace 6 

Realistic colors 10 
Improved 

information location 
2 

Reduced need to 

zoom/scroll 
1 

Greater color 

variation 
4 

    
Reduced eye 

discomfort 
4 

    
Improved small 

detail visibility 
3 

      
Word 

processing 
Reduced eye strain 30 

Improved machine 

performance 
9 

More 

information/page 
12 
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Clear/sharp graphics 18 Faster work output 7 
Simultaneous 

windows 
4 

Improved small 

detail visibility 
2 Improved accuracy 6 

Reduced need to 

zoom/scroll 
1 

Reduced graphic 

distortion 
1 

Improved 

comprehension 
5 

  

   

Improve work 

output quality 
4 

   
Instant 

messaging 

Reduced eye 

discomfort 
13 Improved accuracy 5 

Simultaneous 

windows 
6 

Clear/sharp graphics 8 
Improved machine 

performance 
3 More workspace 3 

Greater color 

variation 
1 Easier to Use 2 

   
Preparing 

presentation 

slides 

Clear/sharp graphics 31 
Improve work 

output quality 
22 More workspace 9 

Greater color 

variation 
9 

Improved machine 

performance 
6 

More 

information/page 
6 

Reduced eye strain 9 
Improved 

information location 
5 

Simultaneous 

windows 
2 

Improved small 

detail visibility 
4 Faster work output 5 

  
Reduced graphic 

distortion 
1 Improved accuracy 3 

   
Digital 

reading 
Reduced eye strain 68 

Improved 

comprehension 
7 

More 

information/page 
10 

Clear/sharp graphics 17 Faster work output 4 
Reduced need to 

zoom/scroll 
8 

Reduced graphic 

distortion 
6 

  

Simultaneous 

windows 
3 

Greater color 

variation 
2 

    
Improved small 

detail visibility 
2 

      
Playing video 

games 
Clear/sharp graphics 43 Improved enjoyment 12 

More 

information/page 
12 

Reduced eye 

discomfort 
5 Increased immersion 11 More workspace 10 

Reduced graphic 

distortion 
3 

Faster command 

execution 
10 

  
Greater color 

variation 
3 

Improved machine 

performance 
8 

  
Improved small 

detail visibility 
3 

Improved 

information location 
6 

  

   Improved accuracy 2    
Interacting 

with 

spreadsheets 

Clear/sharp graphics 16 Easier to use 7 
More 

information/page 
18 

Reduced eye 

discomfort 
16 Improved accuracy 6 

Reduced need to 

zoom/scroll 
4 

Improved small 

detail visibility 
4 

Improved machine 

performance 
5 More workspace 2 

  
Faster work output 4 

Simultaneous 

windows 
2 

  

Improved 

information location 
3 
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   Improved focus 2    
Voice/video 

chatting 
Clear/sharp graphics 44 

Improved machine 

performance 
8 

More 

information/page 
3 

Realistic image 10 Easier to use 4 More workspace 2 

Reduced graphic 

distortion 
9 

Improved 

comprehension 
4 

Simultaneous 

windows 
2 

Reduced eye strain 3 
Simultaneous 

windows 
3 

  
Greater color 

variation 
1 Improved enjoyment 2 

  
Improved small 

detail visibility 
1 

      
Editing 

photos 
Clear/sharp graphics 28 Improved accuracy 19 

More 

information/page 
9 

Improved small 

detail visibility 
10 

Improve work 

output quality 
9 More workspace 8 

Reduced graphic 

distortion 
7 Faster work output 5 

Reduced need to 

zoom/scroll 
5 

Realistic colors 4 
Easier to complete 

work 
3 

  
Greater color 

variation 
3 

      
Data analysis Reduced eye 

discomfort 
15 Faster work output 7 

More 

information/page 
8 

Clear/sharp graphics 10 
Improved 

comprehension 
3 More workspace 4 

Improved small 

detail visibility 
2 Improved accuracy 2 

Simultaneous 

windows 
2 

Reduced graphic 

distortion 
1    Reduced need to 

zoom/scroll 
1 

Editing 

videos 
Clear/sharp graphics 13 

Easier to complete 

work 
11 More workspace 10 

Reduced eye 

discomfort 
4 Improved accuracy 9 

Reduced need to 

zoom/scroll 
3 

Improved small 

detail visibility 
2 Faster work output 7 

More 

information/page 
2 

Reduced graphic 

distortion 
1 

Improve work 

output quality 
4 

Simultaneous 

windows 
1 

Web 

presenting/scr

een sharing 

Clear/sharp graphics 9 Faster work output 5 
More 

information/page 
4 

Reduced eye strain 6     
Reduced graphic 

distortion 
3 

    
Improved small 

detail visibility 
3 

      
Monitoring 

info 

dashboards 

Clear/sharp graphics 8 
Improved 

comprehension 
3 

More 

information/page 
8 

Reduced eye 

discomfort 
5 Faster work output 2 More workspace 3 

Improved small 

detail visibility 
2 Improved accuracy 2 

Simultaneous 

windows 
3 

Greater color 

variation 
1 

   

Reduced need to 

zoom/scroll 
1 

Programming/

coding 

Reduced eye 

discomfort 
10 Improved accuracy 3 

More 

information/page 
8 
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Improve work 

output quality 
2 

Simultaneous 

windows 
4 

      More workspace 2 

Digital 

illustrations 
Clear/sharp graphics 9 Improved accuracy 6 More workspace 5 

Greater color 

variation 
4 

Improve work 

output quality 
3 

More 

information/page 
4 

Improved small 

detail visibility 
2 Faster work output 3 

Reduced need to 

zoom/scroll 
3 
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APPENDIX H 

STUDY 2 SCREENER SURVEY 

 

 

1. Is English your native language? 

a. Yes (1)  

b. No (2)  

2. Are you a fluent English speaker? 

a. Yes (1)  

b. No (2)  

3. What is your age? 

4. What is your gender? 

a. Male (1)  

b. Female (2)  

c. Other (4) ________ 

5. Q3 What is your profession? 

6. ▼ Accountant (1) ... Other (15) 

7. Please specify your profession. 

8. For how long have you worked in your profession? Please label in months or years. 

9. What is your major? 

10. For how long have you been working on your current major? Please label in terms, 

semesters, or years. 

11. On average, how many days a week do you use a laptop or desktop computer? 

a. Don’t use at all (1)  

b. 1-2 days (2)  

c. 3-4 days (3)  

d. 5 or more days (4)  

12. On average, how many hours a day do you use a laptop or desktop computer? 

a. Less than 1 hour (1)  

b. 1-2 hours (2)  

c. 3-4 hours (3)  

d. 5-6 hours (4)  

e. 7-8 hours (5)  

f. More than 8 hours (6) 

For the next few questions, please think about the highest computer screen resolution you 

use on a daily basis. In other words, if you use 2 or more computer screens, please only think 

about the one with the highest screen resolution. 

13. What is the resolution of the computer screen? 

a. 5K (5120 x 2880) (1)  

b. Apple Retina display (6)  

c. 4K ultra high definition (3840 x 2160) (2)  

d. Quad high definition (2560 x 1440) (3)  

e. Full high definition (1920 x 1080) (4)  

f. I do not know/I cannot remember (5)  

g. Other (11) ________ 
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14. What is the size of the computer screen? 

▼ Less than 12" (1) ... I don't know (10) 

15. In what situations do you use this computer? Check all that apply. 

a. At work (1)  

b. At home (2)  

c. For gaming (3)  

16. Do you play computer video games? 

a. Yes (1)  

b. No (2)  

17. Do you play computer video games on a high-resolution screen (for example: quad HD, 

4K 5K, Apple Retina)? 

a. Yes (1)  

b. No (2)  

c. I don't know (3)  

18. Currently, how frequently do you play laptop or desktop computer video games?  

a. A few times a year (1)  

b. Once a month (2)  

c. Once a week (3)  

d. 2-3 times a week (4)  

e. 4-6 times a week (5)  

f. Daily (6)  

19. On average, how many hours do you spend playing laptop or desktop computer video 

games per week? 

a. Less than 1 hour (1)  

b. 1-4 hours (2)  

c. 5-9 hours (3)  

d. 10-19 hours (4)  

e. 20-29 hours (5)  

f. 30-39 hours (6)  

g. More than 40 hours (7)  

20. What type of laptop or desktop computer video game player do you consider yourself? 

a. Newbie/Novice (1)  

b. Casual (2)  

c. Mid-core/Core (3)  

d. Hardcore/Expert (4)  

21. What kinds of laptop or desktop computer video games do you typically play? Check all 

that apply. 

a. Action (1)  

b. Adventure (2)  

c. Driving (3)  

d. Education/Edutainment (4)  

e. Fighting (5)  

f. Fitness (6)  

g. Indie (15)  

h. Music/Dance (7)  

i. Puzzle/Card (8)  
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j. Retro/Classic (9)  

k. Role Playing (10)  

l. Simulation (11)  

m. Social/Social Network (12)  

n. Sports (13)  

o. Strategy (14)  

22. First Name: 

23. Last Name: 

24. Are you currently a resident of Wichita, KS or the Greater Wichita area?  

a. Yes (1)  

b. No (2)  

c. I don't know (3)  

25. What is the best way to contact you? 

a. Email (1)  

b. Phone (2)  

c. Either (3)  

26. Please provide the contact information specified above. 
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APPENDIX I 

DETAILED PARTICIPANT DEMOGRAPHICS 

 

User 

population 

Age Gender Profession/ 

Major 

Computer 

Use Frequency 

(days/week) 

Computer 

Use Duration 

(hours/day) 

Display 

Resolution 

Display 

Size 

Gameplay 

Frequency 

Gameplay 

Duration 

(hours/week) 

Gamer 

Type 

Preferred Game 

Genres 

Gamer 43 Male Administrator  5 or more days 3-4 hours 4K 32" or 

greater 

2-3 times 

a week 

1-4 hours Casual Action, Adventure, 

Role Playing, Strategy 

Gamer 28 Female Music 

Education 

student 

5 or more days 3-4 hours 4K 29"-31" Once a 

week 

1-4 hours Casual Action, Adventure, 

Role Playing, Strategy 

Gamer 29 Male History 

student 

5 or more days 3-4 hours 4K 26"-28" 2-3 times 

a week 

5-9 hours Mid-core/ 

Core 

Action, Adventure, 

Role Playing, Strategy 

Gamer 23 Female Psychology 

student 

5 or more days More than 8 

hours 

4K 23"-25" 2-3 times 

a week 

1-4 hours Mid-core/ 

Core 

Action, Adventure, 

Fighting, First-person 

shooter, Indie, 

Music/dance, 

Puzzle/card, 

Retro/classic, Role 

playing, Simulation, 

Strategy 

Gamer 25 Male Psychology 

student 

5 or more days More than 8 

hours 

4K 23"-25" 2-3 times 

a week 

1-4 hours Mid-core/ 

Core 

Action, Adventure, 

Fighting, First-person 

shooter, Indie, 

Music/dance, 

Puzzle/card, 

Retro/classic, Role 

playing, Simulation, 

Strategy 

Gamer & 

Digital 

Creative 

32 Male Technical 

Support  

5 or more days 5-6 hours Quad HD 23"-25" Once a 

week 

1-4 hours Hardcore/ 

Expert 

Action, Retro/Classic, 

Role Playing, Strategy 

Gamer & 

Digital 

Creative 

23 Female Psychology 

student 

5 or more days More than 8 

hours 

4K 23"-25" 2-3 times 

a week 

1-4 hours Mid-core/ 

Core 

Action, Adventure, 

Fighting, First-person 

shooter, Indie, 

Music/dance, 
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Retro/classic, Role 

playing, Strategy 

Gamer & 

Digital 

Creative 

40 Male Studio Art 

student 

(previously 

graphic 

designer) 

5 or more days 5-6 hours 4K 32" or 

greater 

Daily 1-4 hours Hardcore/ 

Expert 

Action, Adventure, 

Fighting, Indie, 

Music/dance, 

Puzzle/card, 

Retro/classic, Role 

playing, Simulation, 

Strategy 

Gamer & 

Digital 

Creative 

31 Male Researcher  5 or more days More than 8 

hours 

Apple 

Retina 

15"-17" Once a 

month 

1-4 hours Mid-core/ 

Core 

Adventure, Role 

Playing, Strategy 

Digital 

Creative 

22 Female Graphic 

Designer  

5 or more days 3-4 hours Quad HD 18"-20"     

Digital 

Creative 

31 Female Educator  5 or more days 7-8 hours Apple 

Retina 

26"-28"     

Digital 

Creative 

24 Female Video Game 

Designer  

5 or more days More than 8 

hours 

Apple 

Retina 

12"-14"     

Engineer/ 

Architect 

& Digital 

Creative 

18 Female Biomedical 

Engineering 

student; also 

graphic 

designer for 

media 

resources 

5 or more days 3-4 hours Apple 

Retina 

12"-14"     

Engineer/ 

Architect 

18 Male Aerospace 

Engineering 

student 

5 or more days 3-4 hours 4K 21"-22"     

Engineer/ 

Architect 

20 Male Mechanical 

Engineering 

student 

5 or more days More than 8 

hours 

Quad HD 26"-28"     

Engineer/ 

Architect 

24 Female Industrial 

Engineering 

student 

5 or more days 5-6 hours Apple 

Retina 

12"-14"     

Software 

Developer 

33 Male Computer 

Programmer  

5 or more days More than 8 

hours 

4K 26"-28"     

Software 

Developer 

23 Male Computer 

Programmer  

5 or more days More than 8 

hours 

4K 12"-14"     
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APPENDIX J 

FOCUS GROUP GUIDING QUESTIONS: GAMERS 

 

 

Introduction (same for every group) 

Thank you for agreeing to participate in this study. The purpose of this discussion is to learn 

about your experiences using a high-resolution display, especially when gaming. First, we 

will discuss your computer setup and length of use. Then I want to discuss your expectations 

and general thoughts about using high-resolution displays. After that, I want to focus on how 

you use your high-resolution display for gaming, indulging the types of games you play, 

advantages of using high-resolution, and the disadvantages of using high-resolution displays. 

 

There are a few things I want you to keep in mind during the session. It is important to 

remember that there are no right or wrong responses to my questions; you are welcome to 

respond to each question as you see fit, even if it goes against comments made by others. Just 

be sure that your comments do not stray too far from the topic. Also, I want you to treat this 

discussion as a conversation. You are encouraged to communicate with the other members of 

this focus group as well as to me. However, I ask that you please be respectful of the 

opinions of others, and refrain from using inappropriate or offensive language. responses 

Finally, in most cases, questions will be open for anyone to answer right away. However, in 

order to make sure the session is not dominated by a single voice, there may be times in 

which I direct a question to a single individual before opening it to the group. Do you have 

any questions before we begin? 

 

1. What make/model/size computer display do you use? 

a. Would you consider using a different sized display? 

2. How many displays do you typically use when gaming? 

3. How long have you been using your high-resolution display? 

a. In a typically day, how long do you use the display? 

4. Before you started using the display, what was your opinion of high-resolution displays? 

a. After using a high-resolution display, did it meet your expectations? Why or why 

not?  

5. What are your current thoughts about using a high-resolution for gaming? 

6. Why did you initially start using a high-resolution display for gaming? 

a. Was its use encouraged by your peers, friends, or family?  

b. Do people you know if other gamers typically use a high-resolution display for 

gaming? 

7. Can you briefly describe what kind of games you typically play? 

8. What kinds of games do you play most when using a high-resolution display? 

a. What do you like about using this display when gaming? 

b. What do you dislike about using this display when gaming? 

9. What are the [other] reasons for using a high-resolution display is useful for gaming? 

10. Do you feel a high-resolution display is easy to use? Why or why not? 
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11. Of the games you mentioned, do you notice a performance advantage or benefit when 

using a high-resolution display? Please explain. 

a. Do you notice a performance advantage or benefit over using a lower resolution 

display? Please explain. 

b. How/does using a high-resolution display affect your game play visibility (e.g., 

can you see more of the map)? 

c. How/does using a high-resolution display affect your hit accuracy, target 

identification, or response rate?  

12. Of the games you mentioned, do you notice a performance disadvantage or decrement 

when using a high-resolution display? Please explain. 

13. How important are graphics when gaming? 

a. How do graphics on a high-resolution display impact your gaming performance, 

especially compared to lower resolution? 

14. Can you give an example of how using a high-resolution display changed your game play 

when compared to a lower resolution display? 

15. How does using a high-resolution display affect your gaming enjoyment? Immersion? 

Emotional impact? 

16. Is using a high-resolution for gaming compatible with how you like to game? Please 

explain 

a. In what ways is using it incompatible? 

17. Do you notice any eye or body fatigue or discomfort due to using this display? 

a. What do you do to combat that fatigue or discomfort? 

18. If I were to compare game play performance on a 4K display to game play performance 

on a 1080 resolution display, what games, genres, or metrics would you suggest I use? 
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APPENDIX K 

FOCUS GROUP GUIDING QUESTIONS: CREATIVES 

 

1. Please briefly describe that kind of digital creation work you typically do? 

2. What make/model/size computer display do you use? 

a. Would you consider using a different sized display? 

3. How many displays do you typically use when working? 

4. How long have you been using your high-resolution display? 

a. In a typically day, how long do you use the display? 

5. Before you started using the display, what was your opinion of high-resolution displays? 

a. After using a high-resolution display, did it meet your expectations? Why or why 

not?  

6. What are your current thoughts about using a high-resolution for work? 

7. Why did you initially start using a high-resolution display for work? 

a. Was its use encouraged by your peers, friends, or family?  

b. Do people you know if [in your industry] typically use a high-resolution display? 

8. Can you briefly describe what kinds of tasks and activities do you typically perform? 

a. What programs or software do you typically use when performing those tasks and 

activities? 

b. What do you like about using your display for work? 

c. What do you dislike about using your display for work? 

9. What are the [other] reasons for using a high-resolution display is useful for your work? 

10. Do you feel a high-resolution display is easy to use? Why or why not? 

11. Of the tasks and activities you mentioned, do you notice a performance advantage or 

benefit when using a high-resolution display? Please explain. 

a. Do you notice a performance advantage or benefit over using a lower resolution 

display? Please explain. 

b. How/does using a high-resolution display affect the clarity of graphics and images 

and the color of the graphics and images? 

c. How/does using a high-resolution display affect your accuracy of aligning 

elements in an image or editing an image? 

d. How/does using a high-resolution display affect your workspace (e.g., can you see 

more of the canvas, do you need to zoom/scroll more or less often, can you have 

more toolbars and widows open)? 

12. Of the tasks and activities you mentioned, do you notice a performance disadvantage or 

decrement when using a high-resolution display? Please explain. 

13. Can you give an example of how using a high-resolution display changed your work 

performance when compared to a lower resolution display? 

14. How important are graphics for work? 



211 

a. How do graphics on a high-resolution display impact your work performance, 

especially compared to lower resolution? 

15. How does using a high-resolution display affect your work enjoyment? 

16. Is using a high-resolution display for work compatible? Please explain 

a. In what ways is using it incompatible? 

17. Do you notice any eye or body fatigue or discomfort due to using your display? 

a. What do you do to combat that fatigue or discomfort? 

18. If I were to compare work performance on a 4K display to performance on a 1080 

resolution display, what tasks or metrics would you suggest I use? 
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APPENDIX L 

FOCUS GROUP GUIDING QUESTIONS: ENGINEERS/ARCHITECTS 

 

1. Please briefly describe that kind of work you typically do? 

a. What kind of work have you been doing for the past week? 

2. What make/model/size computer display do you use? 

a. Would you consider using a different sized display? 

3. How many displays do you typically use when working? 

4. How long have you been using your high-resolution display? 

a. In a typically day, how long do you use the display? 

5. Before you started using the display, what was your opinion of high-resolution displays? 

a. After using a high-resolution display, did it meet your expectations? Why or why 

not?  

6. What are your current thoughts about using a high-resolution for work? 

7. Why did you initially start using a high-resolution display for work? 

a. Was its use encouraged by your peers, friends, or family?  

b. Do people you know if [in your industry] typically use a high-resolution display? 

8. Can you briefly describe what kinds of tasks and activities do you typically perform? 

a. What programs or software do you typically use when performing those tasks and 

activities? 

b. What do you like about using your display for work? 

c. What do you dislike about using your display for work? 

9. What are the [other] reasons for using a high-resolution display is useful for your work? 

10. Do you feel a high-resolution display is easy to use? Why or why not? 

11. Of the tasks and activities you mentioned, do you notice a performance advantage or 

benefit when using a high-resolution display? Please explain. 

a. Do you notice a performance advantage or benefit over using a lower resolution 

display? Please explain. 

b. How/does using a high-resolution display affect workspace and text visibility 

(e.g., can you see more of the workspace, is text easier to read when smaller)? 

c. How/does using a high-resolution display affect your click accuracy, icon 

identification, or work efficiency?  

12. Of the tasks and activities you mentioned, do you notice a performance disadvantage or 

decrement when using a high-resolution display? Please explain. 

13. How important are graphics for work? 

a. How do graphics on a high-resolution display impact your work performance, 

especially compared to lower resolution? 

14. Can you give an example of how using a high-resolution display changed your work 

performance when compared to a lower resolution display? 
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15. How does using a high-resolution display affect your work enjoyment? 

16. Is using a high-resolution display for work compatible? Please explain 

a. In what ways is using it incompatible? 

17. Do you notice any eye or body fatigue or discomfort due to using your display? 

a. What do you do to combat that fatigue or discomfort? 

18. If I were to compare work performance on a 4K display to performance on a 1080 

resolution display, what tasks or metrics would you suggest I use? 
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APPENDIX M 

FOCUS GROUP GUIDING QUESTIONS: CODERS 

 

1. Please briefly describe that kind of work you typically do? 

a. What kind of work have you been doing for the past week? 

2. What make/model/size computer display do you use? 

a. Would you consider using a different sized display? 

3. How many displays do you typically use when working? 

4. How long have you been using your high-resolution display? 

a. In a typically day, how long do you use the display? 

5. Before you started using the display, what was your opinion of high-resolution displays? 

a. After using a high-resolution display, did it meet your expectations? Why or why 

not?  

6. What are your current thoughts about using a high-resolution for work? 

7. Why did you initially start using a high-resolution display for work? 

a. Was its use encouraged by your peers, friends, or family?  

b. Do people you know if [in your industry] typically use a high-resolution display? 

8. Can you briefly describe what kinds of tasks and activities do you typically perform? 

a. What programs or software do you typically use when performing those tasks and 

activities? 

b. What do you like about using your display for work? 

c. What do you dislike about using your display for work? 

9. What are the [other] reasons for using a high-resolution display is useful for your work? 

10. Do you feel a high-resolution display is easy to use? Why or why not? 

11. Of the tasks and activities you mentioned, do you notice a performance advantage or 

benefit when using a high-resolution display? Please explain. 

a. Do you notice a performance advantage or benefit over using a lower resolution 

display? Please explain. 

b. How/does using a high-resolution display affect the amount of information visible 

or text clarity (e.g., can you see more lines of code, is text easier to read when 

smaller)? 

c. How/does using a high-resolution display affect your coding accuracy, the quality 

of work, or your efficiency?  

12. Of the tasks and activities you mentioned, do you notice a performance disadvantage or 

decrement when using a high-resolution display? Please explain. 

13. How important are graphics for work? 

a. How do graphics on a high-resolution display impact your work performance, 

especially compared to lower resolution? 
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14. Can you give an example of how using a high-resolution display changed your work 

performance when compared to a lower resolution display? 

15. How does using a high-resolution display affect your work enjoyment? 

16. Is using a high-resolution display for work compatible? Please explain 

a. In what ways is using it incompatible? 

17. Do you notice any eye or body fatigue or discomfort due to using your display? 

a. What do you do to combat that fatigue or discomfort? 

18. If I were to compare work performance on a 4K display to performance on a 1080 

resolution display, what tasks or metrics would you suggest I use? 
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APPENDIX N 

QUALITATIVE ANALYSIS PROCESS 

 

One researcher and one research assistant (i.e., coders) coded the data into initial 

conceptual categories. Although the researcher had experience with high-resolution display 

research, the research assistant was naive to the topic of study, which helped to mitigate potential 

biases in the codes. Additionally, diverse backgrounds ensured that final conceptual codes and 

sub-categories were understandable by others, regardless of subject matter expertise. Both coders 

were made aware of the purpose and goals of the study. Qualitative coding and analysis 

procedures followed the methods outlined by Braun and Clarke (2012) and Charmaz (2014). 

To start, coders had to familiarize themselves with the data. The researcher assistant was 

instructed to watch each session recording, then edit computer-generated transcripts while 

watching session recordings a second time. The researcher conducted the interviews, as well as 

performed follow-up accuracy checks on the transcriptions while reviewing session recordings. 

This ensured that both coders were familiar with the flow and tone of the discussion session, 

while also familiarizing themselves with the words from the discussion.  

Following familiarization, each coder independently coded transcripts passage-by-

passage. Coders also took notes during this process to identify emerging patterns and deviations 

in the data for tentative thematic groups and sub-groups. Only a single discussion session was 

coded at a time.  

After independently coding a session, coders met to assess code agreement. Codes agreed 

when both coders coded a piece of datum as relating to the same meaning (differences in exact 

code name wording did not affect code agreement). For example, if one piece of datum was 

coded as relating to an increase in screen real estate, one coder might use Screenspace and the 



217 

other might use More screenspace, since both codes related to an increase in screen real estate, 

the codes were considered agreeing codes. In cases where initial codes did not agree, coders 

discussed the meaning of the piece of datum and decided as a team how to code it. The use of 

iterative discussion and group consensus is common practice in literature and serves as a method 

to refine and generate the best fitting code framework (Barbour, 2001; Berends & Johnston, 

2005).  

A second researcher was exchanged for the research assistant to the help code the final 

set of initial conceptual categories into thematic groups and sub-groups. The new researcher was 

brought in primarily because the research assistant was no longer available. However, this also 

ensured that the final thematic groups and sub-groups were coded without bias, as the new 

researcher was unaware of how the initial code set changed throughout data collection. The 

second researcher was made aware of the purpose and goals of the study and allowed to 

familiarize them self with the initial codes and tentative thematic groups and sub-groups.  

For the final coding framework, coders assessed the tentative thematic groups and sub-

groups in relation to the research questions. Coders independently generated a final coding 

framework using the patterns and deviations found in the data analysis. Coders came together 

once more to compare the agreement of their coding frameworks. Code and sub-group placement 

disagreements were discussed to refine for the final coding framework. During this process, 

under represented and irrelevant codes and sub-groups were dismissed or reassigned to better 

suited thematic groups or sub-groups. This ensured a more cohesive and representative coding 

framework. Additionally, the names of thematic groups and sub-groups were refined to better 

reflect the nature and direction of the items in the group. Finally, the description of each code 

was polished to ensure unambitious definitions. 
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APPENDIX O 

QUALITATIVE CODES 

 

Initial code Description 

Browse web Browse the internet, check social media, research/search information 

Competitive gamers use low 

graphic settings 

High graphic settings consume too much processing power and high-detail 

rendering not used by competitive players 

Computer attribute interference Cannot separate performance impacts of display size, resolution, or OS 

Computer settings & layout Current computer settings (e.g., brightness, desktop layout) or software settings  

Current display Current display e.g., size, resolution, brand, model, number of displays 

Current system Current system e.g., computer hardware, mice, keyboards 

DC work Create/edit photos and videos, digital illustrations, game assets, visual web 

design 

Digital creations look worse on 

lower-resolution 

Digital creative work is less vibrant, clear, doesn't show full ranges of color, and 

doesn’t show as much detail on lower-resolution displays 

Easier vector point modification Easier to create/edit vector points accurately, especially curves 

Expensive Expensive hardware upgrades required, cost of display, cost-benefit justification 

Faster task completion Complete tasks faster or produce more work over the same time period 

High res use duration Length of time using high resolution displays 

Improved color matching & 

correction 

Accurately match display colors to physical colors, or colors between video shots 

Improved color quality true-to-life colors, more color spectrum, vibrant colors 

Improved emotional impact Renewed or increased emotional impact from videos and games 

Improved enjoyment More enjoyment from more details, beautiful graphics, better cinematics 

Improved immersion Feel as if in the game or video 

Improved machine performance Faster computer, high response rate, more processing power 

Improved realism realistic colors, smooth, life-like graphics 

Improved small detail visibility Details previously undetectable, very small details otherwise difficult to discern 

Improved task accuracy finding errors, low-range shooting, target acquisition, outline tracing/cutting  

Improved text visibility & quality Clearly see text, especially small or far away 

Improved UI & icon visibility Clearly see menu text and icons 

Improved visual clarity Smooth shapes in pictures, no pixilation or fuzziness, clean edges 

Incompatible technology Incompatible with external displays and legacy software 

Increased game playability & 

variety 

Replay old titles with new graphics, play games previously unavailable 

Industry standard tech High resolution is standard in digital creative domain 
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Lack of high-resolution content Lack of available high-resolution content 

Large displays Resolution less impactful/noticeable on large screens 

Length of use sessions Average work session duration 

Long-distance gamer Gamer needs to see information in the distance e.g., snipers, RPG gamers 

Low performance improvements Low/no perceived impact on user performance 

Low resolution reluctance Won't use low-resolution unless have to 

Low visual impact Low/no perceived impact on visual clarity, sharpness, quality 

More onscreen info See more content and detail in each window e.g., more image, canvas, project 

assets 

More simultaneous windows Simultaneous windows with visible detail, multiwindow tasking 

MS Suite Microsoft Suite e.g., Word, Excel, PowerPoint 

Need high-detail graphics Prioritize graphics quality when buying and using computers 

Need powerful computer Prioritize computer performance when buying and using computers 

No value High-resolution not valuable and compatible with reasons for computer use 

Other work Programming, 3D rendering, reading, unspecified homework 

Play PC games Tiles and genres of played PC video games 

Preferred display size Preferred computer display size, resolution, brand, and number of displays 

Preferred setup Preferred computer hardware components, brand model, mice, and keyboards 

Preferred refresh rate Preferred display refresh rate (Hertz) and gaming refresh rate (frames/second) 

Proximity to screen Sitting distance from display 

Reduced need to zoom/scroll Scrolling/zooming less frequently and lesser amount 

Reduced visual fatigue Less eye pain, discomfort, or fatigue 

Soap opera effect Videos look hyper realistic 

Source material compatibility Source material must match display resolution 

Static images vs dynamic scenes Static images need high-detail visibility, dynamic scenes need power processing 

Text too small Text initially set too small 

Valuable High-resolution valuable and compatible with reasons for computer use 

Watch videos YouTube, Netflix, streamed videos, personal videos 

Worse cursor tracking Easily miss small mouse cursor, long distance to travel 
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APPENDIX P 

STUDY 3 SCREENER SURVEY 

 

1. Is English your native language? 

a. Yes (1)  

b. No (2)  

2. Are you a fluent English speaker? 

a. Yes (1)  

b. No (2)  

3. What is your age? 

4. What is your gender? 

a. Male (1)  

b. Female (2)  

c. Other (4) ____________ 

5. Do you have any past or current finger, hand, or wrist problems that prevent you from 

using a computer efficiently? This includes carpal tunnel syndrome, arthritis, fractures, 

etc. 

a. Yes (1)  

b. No (2)  

6.  Do you have normal or corrected-to-normal vision? Note: if you wear up-to-date 

glasses/contacts or do not require them, select "Yes". 

a. Yes (1)  

b. No (2)  

7. How would you characterize your color vision? 

a. I have normal color vision (1)  

b. I have some color blindness (2)  

c. I don’t know (3)  

8. On average, how many days per week do you use a laptop or desktop computer? 

a. Don't use at all (1)  

b. 1-2 days (2)  

c. 3-4 days (3)  

d. 5 or more days (4)  

9. On average, how many hours per day do you use a laptop or desktop computer? 

a. Less than 1 hour (1)  

b. 1-2 hours (2)  

c. 3-4 hours (3)  

d. 5-6 hours (4)  

e. 7-8 hours (5)  

f. More than 8 hours (6)  
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10. Rate your experience with the following software: 
 Novice               Expert 

 
 0 1 2 3 4 5 6 7 

 

Adobe Photoshop () 
 

Adobe InDesign () 
 

Adobe Illustrator () 
 

Adobe Premiere Pro () 
 

Adobe Lightroom () 
 

Autodesk Maya () 
 

Autodesk AutoCAD () 
 

Autodesk Moldflow () 
 

Autodesk Inventor () 
 

 

11. Please list any alternatives to the software’s above you frequently use. Put N/A if there 

are none. 

For the next few questions, please think about the highest computer screen resolution you use on 

a daily basis. In other words, if you use 2 or more computer screens, please only think about the 

one with the highest screen resolution. 

12. What is the resolution of the computer screen? 

a. 5K (5120 x 2880) (1)  

b. Apple Retina display (2)  

c. 4K ultra high definition (3840 x 2160) (3)  

d. Quad high definition (2560 x 1440) (4)  

e. Full high definition (1920 x 1080) (5)  

f. I do not know/I cannot remember (6)  

g. Other (7) ____________ 

13. In what situations do you use this computer? Check all that apply. 

a. At work (1)  

b. At home (2)  

c. For gaming (3)  
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14. In general, what is your experience with playing laptop or desktop computer video 

games? 
 Novice               Expert 

 
 0 1 2 3 4  5 6 7 

 

I consider myself to be a: () 
 

 

15. What type of laptop or desktop computer video game player do you consider yourself? 

a. Newbie/novice (1)  

b. Casual (2)  

c. Mid-core/core (3)  

d. Hardcore/expert (4)  
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16. Rate your experience with the following laptop or desktop computer video games: 
 Novice               Expert 

 
 0 1 2 3 4 5 6 7 

 

Action () 
 

Adventure () 
 

Driving () 
 

Education/edutainment () 
 

Fighting () 
 

First-person shooter () 
 

Fitness () 
 

Indie () 
 

Music/dance () 
 

Puzzle/card () 
 

Retro/classic () 
 

Role playing () 
 

Simulation () 
 

Social/social network () 
 

Sports () 
 

Strategy () 
 

 

17. Please list any alternatives to the video games above you frequently play. Put N/A if there 

are none. 
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18. Rate your experience with the following video games: 
 Novice               Expert 

 
 0 1 2 3 4 5 6 7 

 

Subnautica () 
 

Starcraft 1/ Starcraft Remastered () 
 

Call of Duty: Black Ops 4 () 
 

Doom (2016 release) () 
 

Overwatch () 
 

 

19. What is your experience playing a sniper class in laptop or desktop first-person 

shooters? 
 Novice               Expert 

 
 0 1 2 3 4 5 6 7 

 

 
 

 

20. First name: 

21. Last name: 

22. What is the best way to contact you? Check all that apply 

a. Email (1)  

b. Phone (2)  

23. Please provide the contact information specified above. 

a. ____________ 

24. Are you currently a resident of Wichita, KS or the Greater Wichita area? 

a. Yes (1)  

b. No (2)  

c. I don't know (4)  

25. If you participate in the experimental study, how would you like to be compensated? 

a. I would like SONA credits. (1)  

b. I would like monetary compensation. (2) 
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APPENDIX Q 

PARTICIPANT DEMOGRAPHICS BY USER POPULATION 

 

Gamers 

Age Gender Resolution Video games 

(hours/week) 

PC video games 

experience 

Video game 

player type 

First-person 

shooter experience 

Sniper class 

experience 

21 Male Full HD 10-19 7 Hardcore/expert 7 7 

22 Male 4K 10-19 7 Hardcore/expert 7 7 

29 Male Full HD 10-19 6 Mid-core/core 7 6 

20 Male Quad HD 10-19 7 Hardcore/expert 6 6 

32 Male Full HD 10-19 5 Mid-core/core 6 6 

18 Male Full HD 20-29 5 Mid-core/core 7 6 

22 Male Full HD 10-19 5 Casual 6 6 

21 Male Full HD 5-9 5 Mid-core/core 6 5 

27 Male Full HD 3-4 5 Mid-core/core 7 5 

35 Male Full HD 30-39 7 Hardcore/expert 5 5 

21 Male Other 10-19 5 Mid-core/core 4 5 

30 Male 4K 10-19 7 Hardcore/expert 6 5 

32 Male Full HD 5-9 4 Casual 4 4 

25 Male Full HD 10-19 5 Mid-core/core 5 4 

18 Male Full HD 20-29 7 Mid-core/core 7 4 

18 Male Apple Retina  10-19 6 Mid-core/core 7 4 

37 Male Quad HD 5-9 6 Hardcore/expert 7 4 

40 Male Full HD 40 or more 7 Mid-core/core 5 4 

20 Female I do not know 3-4 6 Casual 4 4 
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Digital Creatives 

Age Gender Resolution Digital illustrations 

(hours/week) 

Photo editing 

(hours/week) 

Adobe Illustrator 

experience 

24 Other Quad HD 10-19 10-19 7 

22 Female Apple Retina  10-19 3-4 7 

21 Female Apple Retina  10-19 3-4 7 

20 Female Apple Retina 10-19 20-29 7 

25 Female Full HD 3-4 3-4 6 

20 Female Other I do not perform 

this activity 

3-4 6 

23 Female Apple Retina  3-4 5-9 6 

25 Female Quad HD Less than 1 3-4 5 

39 Female Full HD 5-9 1-2 5 

22 Female I do not know 3-4 I do not perform 

this activity 

5 

32 Male Quad HD I do not perform 

this activity 

5-9 4 

18 Female Full HD 10-19 1-2 4 

21 Male Other 3-4 1-2 4 

34 Female Apple Retina 

display 

3-4 10-19 4 

30 Female Quad HD 3-4 I do not perform 

this activity 

4 

24 Male Full HD 5-9 1-2 4 

21 Male Quad HD Less than 1 3-4 4 

18 Female I do not know 3-4 Less than 1 4 

21 Male Full HD 3-4 1-2 4 
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APPENDIX R 

WHERE’S WALDO COUNTERBALANCE ORDER AND IMAGES  

 

 Scene Order Version 

 Version A Version B 

Station 1   

Horseplay in Troy The corridors of time 

Fun in the foreign legion The fantastic flower garden 

A tremendous song and dance Clown town 

Cave of the plundering pirates Odlaw swamp 

The wild, wild west The battle of the bands 

The swashbuckling musketeers The cake factory 

Dinosaurs, spacemen, and ghouls Bright lights and night frights 

Robin Hood’s merry mess-up Toys toys toys 

The mighty fruit fight The games of games 

Station 2   

The games of games The mighty fruit fight 

Toys toys toys Robin Hood’s merry mess-up 

Bright lights and night frights Dinosaurs, spacemen, and ghouls 

The cake factory The swashbuckling musketeers 

The battle of the bands The wild, wild west 

Odlaw swamp Cave of the plundering pirates 

Clown town A tremendous song and dance 

The fantastic flower garden Fun in the foreign legion 

The corridors of time Horseplay in Troy 

 

 The following Where’s Waldo images follow version A’s order from the counterbalance 

table. The first 8 images (Horseplay in Troy to Robin Hood’s merry mess-up) originated from 

Where’s Waldo? in Hollywood (Handford, 2007a). The remaining 10 images (The might fruit 

fight to The corridors of time) came from Where’s Waldo? The Wonder Book (Handford, 2007b). 
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APPENDIX S 

PERCEIVED MENTAL WORKLOAD (NASA-rTLX) AND DIFFICULTY 

QUESTIONNAIRE 

 

Instructions: Based on your experience, please rate how using this monitor to complete the task 

influenced each of the following items: 

 

Mental Demand 

How mentally demanding was the task? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Very low              Very high 

 

Physical Demand 

How physically demanding was the task? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Very low              Very high 

 

Temporal Demand 

How hurried or rushed was the pace of the task? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Very low              Very high 

 

Performance 

How successful were you in accomplishing what you were asked to do? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Perfect                      Failure 

 

Effort 

How hard did you have to work to accomplish your level of performance? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Very low              Very high 
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Frustration 

How insecure, discouraged, irritated, stressed, and/or annoyed were you? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Very low              Very high 

 

Difficulty 

How difficult was it to complete the task? 

1 2 3 4 5 6 7 8 9 10 

Not difficult at all   Neither easy nor difficult           Extremely difficulty 
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APPENDIX T 

PERCEIVED ENJOYMENT AND ENGAGEMENT (ENJOY AND GUESS) FOR GAMERS 

 

Instructions: Based on your experience using this monitor, please rate the following statements on a scale from “Strongly Disagree” 

to “Strongly Agree”. Select “N/A” if a statement does not apply to the game. 

 

Statement: 
Strongly 

Disagree 
Disagree 

Somewhat 

Disagree 

Neither 

Agree nor 

Disagree 

Somewhat 

Agree 
Agree 

Strongly 

Agree 

The game allowed me to develop new 

skills. 
       

The game was pleasurable to me.        

I lost track of what was going on 

outside of the game. 
       

I think it is easy to learn how to play the 

game.* 
       

The game made me feel happy.        

I felt very capable during the game.        

I felt challenged, but not over- 

challenged, during the game. 
       

The game was fun.        

I improved my skills the last time I did 

the game. 
       

I find the game's interface to be easy to 

navigate. * 
       

I am good at the game. 

 

       

I forgot what was going on around me 

during the game. 
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Statement: 
Strongly 

Disagree 
Disagree 

Somewhat 

Disagree 

Neither 

Agree nor 

Disagree 

Somewhat 

Agree 
Agree 

Strongly 

Agree 

I lost track of time during the game.        

I find the game's menus to be user 

friendly. * 
       

When I played the game, I thought 

about nothing else. 
       

During the game I was able to get better 

at doing it. 
       

I liked playing the game.        

I felt challenged, but not under- 

challenged, during the game. 
       

I enjoy the game's graphics. *        

I lost track of what was going on around 

me during the game. 
       

I felt like I did a good job the last time I 

did the game. 
       

I was proficient in the game.        

I think the game is visually appealing. *        

I felt competent at performing the 

game. 
       

The game made me feel good.        
Note. * denotes items from the GUESS short form scale. All others are from the ENJOY scale. 

  



241 

APPENDIX U 

PERCEIVED ENJOYMENT AND ENGAGEMENT (ENJOY) FOR DIGITAL CREATIVES 

 

Instructions: Based on your experience using this monitor, please rate the following statements on a scale from “Strongly Disagree” 

to “Strongly Agree”. Select “N/A” if a statement does not apply to the game. 

 

Statement: 
Strongly 

Disagree 
Disagree 

Somewhat 

Disagree 

Neither 

Agree nor 

Disagree 

Somewhat 

Agree 
Agree 

Strongly 

Agree 

The activity allowed me to develop new 

skills. 
       

The activity was pleasurable to me.        

I lost track of what was going on 

outside of the activity. 
       

The activity made me feel happy.        

I felt very capable during the activity.        

I felt challenged, but not over- 

challenged, during the activity. 
       

The activity was fun.        

I improved my skills the last time I did 

the activity. 
       

I am good at the activity.        

I forgot what was going on around me 

during the activity. 
       

I lost track of time during the activity.        

When I did the activity, I thought about 

nothing else. 
       

During the activity I was able to get 

better at doing it. 
       

I liked doing the activity.        
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Statement: 
Strongly 

Disagree 
Disagree 

Somewhat 

Disagree 

Neither 

Agree nor 

Disagree 

Somewhat 

Agree 
Agree 

Strongly 

Agree 

I felt challenged, but not under- 

challenged, during the activity. 
       

I lost track of what was going on around 

me during the activity. 
       

I felt like I did a good job the last time I 

did the activity. 
       

I was proficient in the activity.        

I felt competent at performing the 

activity. 
       

The activity made me feel good.        
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APPENDIX V 

PERCEIVED VISUAL DISPLAY QUALITY (DES) WITH STATEMENT DESCRIPTIONS 

 

 

Instructions: Based on your experience using this monitor, please rate the following statements 

on a scale from “Bad” (1) to “Good” (7). Below and on the following pages you will find 

descriptions of the rating scale items. Please read the descriptions very carefully, so you know 

what each question is about. Each question should be evaluated individually, without considering 

your answer to the other questions. 

 

Statement: 
1 

Bad 
2 3 4 5 6 

7 

Good 

I judge the brightness of the display:        

I judge the sharpness of the display:        

The contrast on the display was:        

How do you evaluate the display with 

respect to reflections? 
       

I judge the color of the foreground (the 

characters): 
       

I judge the color of the background (where 

the screen was empty): 
       

How do you evaluate the display with 

respect to flicker? 
       

How do you judge the response speed of 

the display? 
       

The readability of the characters were:        

What is your overall impression of the 

display? 
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Statement Descriptions 

 

1 Brightness 

Brightness refers to the overall brightness of the display, of the foreground and the background 

together. The brightness can be high or low. When the brightness is very high the screen appears 

to be intense and highly luminous (e.g., with respect to the surroundings); when the brightness is 

very low the display has a dark and not very luminous appearance. As you find the brightness 

more or less suitable it should be rated better or worse. 

 

2 Sharpness 

The sharpness pertains to the characters, were the displayed characters sharp, or were they more 

or less smeared out? You should not indicate how sharp or smeared out the characters were, but 

how agreeable or unagreeable you judge the characters with respect to the sharpness. 

 

3 Contrast 

The contrast is the relation between the brightness of the foreground (the characters) and the 

brightness of the background. When the foreground is very bright and the background is very 

dark (or vice versa) the contrast is high. When the contrast is low, the brightness of the 

foreground and that of the background differ only a little. How do you evaluate the contrast on 

the display? 

 

4 Reflections 

Reflections are mirror images of the surround that are visible on the display surface, e.g. A 

reflection of your head on the screen or a bright spot on the screen surface that is caused by a 

luminary. The question is not whether you did notice any reflections, but to what degree you 

were hindered by reflections. 

 

5 Color of the foreground 

The color of the foreground is the color of the symbols (letters, numbers, characters). Did you 

think the color of the symbols was good/agreeable or bad/unagreeable? 

 

6 Color of the background 

The background color is the color of the display in all places where the screen is empty: where 

no information is displayed. Did you think the color of the background was good/agreeable or 

bad/unagreeable? 

 

7 Color combination 

The color combination refers to the combination of foreground color and background color. 

What is your opinion of the color combination? Do you think this was a good combination or a 

bad combination? 
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8 Flicker 

An image that flickers exhibits very rapid variations in brightness. Strongly flickering images are 

perceived to be unstable and, give a restless impression" the question is not if you detected any 

flicker, but if and to what degree flicker hindered you. 

 

9 Response speed 

It is not easy to define 'response speed', but it pertains to the speed with which characters appear 

(become visible) when presented and how rapid they disappear or extinguish when put off. At 

low response speeds you may actually see the characters become visible and extinguish. At high 

response speeds the characters appear and disappear abruptly. The question is not if you could 

see the characters appear/ disappear, but to what degree (if at all) you were disturbed by the 

effects of response speed. 

 

10 Size of the characters 

Did you find the size of the characters (letters, numerals) agreeable or unagreeable. 

 

11 Shape of the characters 

How do you judge the shape of the characters? 

 

12 Readability of the characters 

Indicate to what degree you judge the characters on the display easily readable. 

 

13 Overall impression 

What is your overall impression of the display? Did you like the display or not: how acceptable 

is the display?. 
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APPENDIX W 

PREFERENCE RANKING 

 

Instructions: Take a moment to think about your experiences with both monitors. Please rank 

your preference for each configuration and give reasons behind your rankings. 

 

Rank Order (circle one response for EACH monitor configuration): 

 

I liked monitor A: Best/Worst   I liked monitor B: Best/Worst 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Why? 

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________ 

Why? 

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________

_____________________________ 
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APPENDIX X 

SUMMARY OF VISUAL SEARCH PERFORMANCE AND SUBJECTIVE DATA 

 

Test of Differences Between User Populations for Objective Data 

   
Levene's Test t-test Statistics 95% Confidence Interval of 

the Difference 

Dependent 

variable 

Display & set 

size condition 

Target 

presence 

F Sig. t df Sig. Mean 

Difference 

Std. Error 

Difference 

Lower Upper 

Response time 
       

   
4K, 12 distractors 

       
    

Absent 0.79 .38 -0.31 38 0.76 -0.51 0.38 -0.51 0.38   
Present 0.01 .94 -0.75 38 0.46 -0.46 0.21 -0.46 0.21  

4K, 48 distractors 
       

    
Absent 0.11 .74 0.31 38 0.76 -0.37 0.50 -0.37 0.50   
Present 0.35 .56 -0.07 38 0.95 -0.82 0.77 -0.82 0.77  

1080, 12 distractors 
       

    
Absent 1.00 .32 0.08 38 0.94 -0.38 0.41 -0.38 0.41   
Present 0.23 .64 1.10 38 0.28 -0.12 0.41 -0.12 0.41  

1080, 48 distractors 
       

    
Absent 0.47 .50 -0.98 38 0.34 -0.72 0.25 -0.72 0.25   
Present 1.68 .20 0.15 38 0.88 -0.52 0.61 -0.52 0.61 

Response time efficiency 
       

   
4K, 12 distractors 

       
    

Absent 0.82 .37 -0.30 38 0.77 -0.04 0.03 -0.04 0.03   
Present 0.10 .75 -0.59 38 0.56 -0.03 0.02 -0.03 0.02  

4K, 48 distractors 
       

    
Absent 1.46 .23 -0.82 38 0.42 -0.03 0.01 -0.03 0.01   
Present 0.06 .80 -0.24 38 0.81 -0.02 0.02 -0.02 0.02  

1080, 12 distractors 
       

    
Absent 1.03 .32 0.06 38 0.95 -0.03 0.03 -0.03 0.03   
Present 0.26 .61 1.73 38 0.09 0.00 0.05 0.00 0.05  

1080, 48 distractors 
       

    
Absent 5.58 .02 1.33 21.61 0.20 -0.01 0.05 -0.01 0.05   
Present 0.00 .97 -0.23 38 0.82 -0.01 0.01 -0.01 0.01 

 

 

          



248 

Accuracy rate 

 4K, 48 distractors          

  Absent 0.71 .41 0.40 38 0.69 0.03 0.08 -0.14 0.20 

  Present 0.00 .97 0.11 38 0.91 0.01 0.05 -0.10 0.11 

 1080, 48 distractors          

  Absent 0.06 .81 1.13 38 0.27 0.11 0.09 -0.08 0.29 

  Present 0.05 .83 -0.63 38 0.53 -0.03 0.04 -0.12 0.06 

Timeout Rate          

 4K, 48 distractors          

  Absent 0.35 .56 -0.27 38 0.79 -0.02 0.08 -0.19 0.15 

  Present 1.12 .30 0.79 38 0.44 0.03 0.04 -0.05 0.12 

 1080, 48 distractors          

  Absent 0.17 .69 -1.13 38 0.27 -0.11 0.09 -0.30 0.08 

  Present 3.22 .08 0.00 38 1.00 0.00 0.05 -0.09 0.09 

 

Test of Differences Between User Populations for Subjective Data 

  
Levene's Test t-test Statistics 95% Confidence Interval 

of the Difference 

Display Dependent variable F Sig. t df Sig. Mean 

Difference 

Std. Error 

Difference 

Lower Upper 

4K 
          

 
Mental 0.43 .51 0.41 38 .69 0.65 1.60 -2.60 3.90  
Physical 1.60 .21 0.53 38 .60 0.85 1.61 -2.41 4.11  
Temporal 0.01 .94 0.86 38 .39 1.25 1.45 -1.69 4.19  
Performance 0.02 .89 0.04 38 .97 0.05 1.22 -2.42 2.52  
Effort 0.10 .75 0.67 38 .51 1.00 1.50 -2.03 4.03  
Frustration 0.05 .83 -0.45 38 .65 -0.75 1.66 -4.12 2.62  
Difficulty 0.37 .55 1.02 38 .31 0.65 0.64 -0.64 1.94 

1080 
          

 
Mental 0.03 .85 0.27 38 .79 0.40 1.47 -2.57 3.37  
Physical 0.18 .67 0.40 38 .69 0.65 1.62 -2.63 3.93  
Temporal 0.24 .62 0.13 38 .90 0.20 1.59 -3.02 3.42  
Performance 2.95 .09 0.81 38 .42 1.10 1.36 -1.64 3.84  
Effort 0.07 .79 -0.28 38 .78 -0.40 1.41 -3.26 2.46  
Frustration 0.24 .63 0.49 38 .63 0.85 1.73 -2.65 4.35  
Difficulty 0.50 .48 1.24 38 .22 0.85 0.69 -0.54 2.24 
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ANOVA Statistics for Main Effect and Interaction 

Dependent Measure Variable df, dferror F Sig η2
p 

Response time 
    

 
Display 1 , 39 4.24 .04 .10  
Set size 1 , 39 3074.45 .00 .99 

 Presence 1 , 39 1012.31 .00 .96 

 Display * Set size 1 , 39 3.57 .07 .08 

 Display * Presence 1 , 39 1.74 .20 .04 

 Set size * Presence 1 , 39 40.29 .00 .51 

 Display * Set size * Presence 1 , 39 0.52 .48 .01 

Response time efficiency 
    

 
Display 1 , 39 3.52 .07 .08 

 Set size 1 , 39 690.77 .00 .95 

 Presence 1 , 39 1272.26 .00 .97 

 Display * Set size 1 , 39 0.00 .98 .00 

 Display * Presence 1 , 39 1.07 .31 .03 

 Set size * Presence 1 , 39 149.76 .00 .79  
Display * Set size * Presence 1 , 39 0.13 .72 .00 

48 distractors: Accuracy rate 
    

 
Display 1, 39 4.62 .04 .11  
Display * Presence 1, 39 0.15 .70 .00 

48 distractors: Timeout rate 
    

 
Display 1, 39 2.37 .13 .06  
Display * Presence 1, 39 0.14 .71 .00 

Note. Significance differences are indicated in bold. 
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Paired-Samples t Test Statistics for Subjective Data 

 
Paired Differences t-test Statistics 95% Confidence Interval 

of the Difference 

Dependent Variable Mean Std. Deviation Std. Error 

Mean 

t df Sig. (2-

tailed) 

Adjusted 

alpha level 

Lower Upper 

4K vs. 1080: Mental demand -0.53 4.45 0.70 -0.75 39 .46 p > .008 -1.95 0.90 

4K vs. 1080: Physical demand 0.40 4.01 0.63 0.63 39 .53 p > .008 -0.88 1.68 

4K vs. 1080: Temporal demand 0.63 4.45 0.70 0.89 39 .38 p > .008 -0.80 2.05 

4K vs. 1080: Performance -0.63 4.88 0.77 -0.81 39 .42 p > .008 -2.19 0.94 

4K vs. 1080: Effort 0.85 3.86 0.61 1.39 39 .17 p > .008 -0.38 2.08 

4K vs. 1080: Frustration 1.10 5.68 0.90 1.22 39 .23 p > .008 -0.72 2.92 

4K vs. 1080: Difficulty 0.05 2.30 0.36 0.14 39 .89 n/a -0.68 0.78 

Note. The alpha level was adjusted to account for familywise error using a Bonferroni correction. 
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APPENDIX Y 

SUMMARY OF WHERE’S WALDO SEARCH PERFORMANCE AND SUBJECTIVE DATA 

 

Test of Differences Between User Populations for Objective Data 

  
Levene's Test t-test Statistics 95% Confidence Interval 

of the Difference 

Display Dependent variable F Sig. t df Sig. Mean 

Difference 

Std. Error 

Difference 

Lower Upper 

4K 
          

 
Search time 0.00 .98 1.17 38 .25 7.90 6.77 -5.81 21.61  
Search success 2.24 .14 -1.14 38 .26 -0.08 0.07 -0.22 0.06  
Efficiency 2.48 .13 -0.03 33 .97 -11.11 339.68 -702.20 679.99 

1080 
          

 
Search time 2.57 .12 1.14 38 .26 7.03 6.17 -5.47 19.52  
Task success 0.72 .40 -1.13 38 .26 -0.05 0.04 -0.14 0.04  
Efficiency 0.30 .59 .032 27 .75 118.13 363.98 -628.71 864.96 

 

Test of Differences Between User Populations for Subjective Data 

  
Levene's Test t-test Statistics 95% Confidence Interval 

of the Difference 

Display Dependent variable F Sig. t df Sig. Mean 

Difference 

Std. Error 

Difference 

Lower Upper 

4K 
          

 
Mental 0.34 .56 0.80 38 .43 1.35 1.69 -2.06 4.76  
Physical 1.19 .28 0.49 38 .62 0.95 1.92 -2.95 4.85  
Temporal 0.11 .74 1.17 38 .25 1.70 1.45 -1.24 4.64  
Performance 9.70 .00 1.39 31.65 .17 2.35 1.69 -1.09 5.79  
Effort 1.16 .29 0.46 38 .64 0.55 1.18 -1.85 2.95  
Frustration 0.99 .33 0.24 38 .81 0.45 1.91 -3.41 4.31  
Difficulty 1.70 .20 1.90 38 .06 0.95 0.50 -0.06 1.96 

1080 
          

 
Mental 1.71 .20 -0.07 38 .94 -0.10 1.36 -2.86 2.66  
Physical 1.02 .32 0.14 38 .89 0.25 1.76 -3.31 3.81 
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Temporal 0.34 .56 0.79 38 .44 1.25 1.59 -1.97 4.47  
Performance 0.12 .73 -0.53 38 .60 -0.90 1.69 -4.33 2.53  
Effort 1.60 .21 0.73 38 .47 0.95 1.30 -1.69 3.59  
Frustration 0.01 .93 0.18 38 .86 0.30 1.63 -3.01 3.61  
Difficulty 2.44 .13 1.41 38 .17 0.85 0.60 -0.37 2.07 

 

Paired-Samples t Test Statistics  

 
Paired Differences t-test Statistics 95% Confidence Interval 

of the Difference 

Dependent Variable Mean Std. 

Deviation 

Std. Error 

Mean 

t df Sig. (2-

tailed) 

Adjusted 

alpha level 

Cohen’s d Lower Upper 

4K vs. 1080: Search time -16.34 20.84 3.30 -4.96 39 .00 n/a -0.78 -23.00 -9.67 

4K vs. 1080: Search success 0.15 0.17 0.03 5.43 39 .00 n/a 0.86 .09 0.20 

4K vs. 1080: Search efficiency  -1035.05 864.47 169.54 -6.11 25 .00 n/a -1.20 -1384.22 -685.88 

4K vs. 1080: Mental demand -1.58 3.84 0.61 -2.59 39 .01 p > .008  -2.80 -0.35 

4K vs. 1080: Physical demand 0.15 3.05 0.48 0.31 39 .76 p > .008  -0.83 1.13 

4K vs. 1080: Temporal demand -1.28 4.05 0.64 -1.99 39 .05 p > .008  -2.57 0.02 

4K vs. 1080: Performance -1.93 6.60 1.04 -1.85 39 .07 p > .008  -4.03 0.18 

4K vs. 1080: Effort -0.80 3.65 0.58 -1.39 39 .17 p > .008  -1.97 0.37 

4K vs. 1080: Frustration -2.83 4.82 0.76 -3.70 39 .00 p > .008 -.059 -4.37 -1.28 

4K vs. 1080: Difficulty -0.15 1.83 0.29 -0.52 39 .61 n/a  -0.74 0.44 

Note. The alpha level was adjusted to account for familywise error using a Bonferroni correction. Significance differences are indicated in bold 
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APPENDIX Z 

SUMMARY OF GAMER’S REPRESENTATIVE TASK PERFORMANCE AND SUBJECTIVE DATA 

 

Paired-Samples t Test Statistics  

 
Paired Differences t-test Statistics 95% Confidence Interval 

of the Difference 

Dependent Variable Mean Std. 

Deviation 

Std. Error 

Mean 

t df Sig. (2-

tailed) 

Adjusted 

alpha level 

Lower Upper 

4K vs. 1080: Headshots -1.32 13.50 3.10 -0.42 18 .68 n/a -7.82 5.19 

4K vs. 1080: Double kills -0.53 4.22 0.97 -0.54 18 .59 n/a -2.56 1.51 

4K vs. 1080: Mental demand -0.16 2.67 0.61 -0.26 18 .80 p > .008 -1.45 1.13 

4K vs. 1080: Physical demand -0.16 2.67 0.61 1.36 18 .19 p > .008 -0.55 2.55 

4K vs. 1080: Temporal demand 1.00 3.21 0.74 0.25 18 .81 p > .008 -1.17 1.49 

4K vs. 1080: Performance 0.16 2.75 0.63 -1.37 18 .19 p > .008 -4.40 0.93 

4K vs. 1080: Effort -1.74 5.53 1.27 0.13 18 .90 p > .008 -1.62 1.83 

4K vs. 1080: Frustration 0.11 3.59 0.82 -0.84 18 .41 p > .008 -4.60 1.97 

4K vs. 1080: Difficulty -1.32 6.82 1.57 -0.62 18 .54 n/a -1.16 0.63 

4K vs. 1080: Challenge -0.12 0.90 0.21 -0.56 18 .58 p > .008 -0.55 0.32 

4K vs. 1080: Pleasure 0.31 0.63 0.14 2.12 18 .05 p > .008 0.00 0.61 

4K vs. 1080: Engagement -0.59 0.98 0.22 -2.63 18 .02 p > .008 -1.06 -.12 

4K vs. 1080: Usability 0.50 1.51 0.35 1.46 18 .16 p > .008 -0.22 1.23 

4K vs. 1080: Competence -0.14 1.07 0.25 -0.59 18 .56 p > .008 -0.66 0.37 

4K vs. 1080: Aesthetics -0.15 1.71 0.39 -0.39 18 .70 p > .008 -0.98 0.67 

Note. The alpha level was adjusted to account for familywise error using a Bonferroni correction. 
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APPENDIX AA 

SUMMARY OF DIGITAL CREATIVES REPRESENTATIVE TASK PERFORMANCE AND SUBJECTIVE DATA 

 

Paired-Samples t Test Statistics  

 
Paired Differences t-test Statistics 95% Confidence Interval of 

the Difference 

Dependent Variable Mean Std. 

Deviation 

Std. Error 

Mean 

t df Sig. (2-

tailed) 

Adjusted 

alpha level 

Lower Upper 

4K vs. 1080: Outline accuracy -0.72 1.23 0.28 -2.57 18 .02 p > .01 -1.31 -0.13 

4K vs. 1080: Tan-shapes accuracy 0.02 0.64 0.15 0.10 18 .92 p > .01 -0.29 0.32 

4K vs. 1080: Black-shapes accuracy -0.31 0.64 0.15 -2.14 18 .05 p > .01 -0.62 -0.01 

4K vs. 1080: Face-shapes accuracy 0.10 0.47 0.11 0.89 18 .38 p > .01 -0.13 0.32 

4K vs. 1080: Overall accuracy -0.13 0.26 0.06 -2.10 18 .05 p > .01 -0.25 0.00 

4K vs. 1080: Color matching accuracy 0.52 5.24 1.20 0.43 18 .67 n/a -2.01 3.04 

4K vs. 1080: Completion success rate 0.01 0.12 0.03 0.37 18 .72 n/a -0.05 0.07 

4K vs. 1080: Mental demand -0.58 2.50 0.57 -1.01 18 .33 p > .008 -1.78 0.63 

4K vs. 1080: Physical demand 0.95 2.97 0.68 1.39 18 .18 p > .008 -0.48 2.38 

4K vs. 1080: Temporal demand 0.95 4.29 0.98 0.96 18 .35 p > .008 -1.12 3.01 

4K vs. 1080: Performance 0.84 5.73 1.31 0.64 18 .53 p > .008 -1.92 3.60 

4K vs. 1080: Effort 1.05 3.64 0.84 1.26 18 .22 p > .008 -0.70 2.81 

4K vs. 1080: Frustration 2.05 5.89 1.35 1.52 18 .15 p > .008 -0.79 4.89 

4K vs. 1080: Difficulty 0.26 1.52 0.35 0.75 18 .46 n/a -0.47 1.00 

4K vs. 1080: Pleasure 0.16 0.66 0.15 1.05 18 .31 p > .01 -0.16 0.47 

4K vs. 1080: Competence 0.18 0.88 0.20 0.89 18 .39 p > .01 -0.24 0.60 

4K vs. 1080: Challenge 0.13 0.96 0.22 0.57 18 .58 p > .01 -0.34 0.59 

4K vs. 1080: Engagement -0.05 0.86 0.20 -0.27 18 .79 p > .01 -0.47 0.36 

Note. The alpha level was adjusted to account for familywise error using a Bonferroni correction. 
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APPENDIX BB 

SUMMARY OF DISPLAY QUALITY AND PREFERENCE SUBJECTIVE DATA 

 

Test of Differences Between User Populations for Subjective Data 

  
Levene's Test t-test Statistics 95% Confidence Interval 

of the Difference 

Display Dependent variable F Sig. t df Sig. Mean 

Difference 

Std. Error 

Difference 

Lower Upper 

4K Brightness 0.00 .95 1.13 38 .26 0.50 0.44 -0.39 1.39  
Sharpness 6.63 .01 -0.56 38 .58 -0.25 0.45 -1.15 0.65  
Contrast 4.02 .05 0.00 38 1.00 0.00 0.43 -0.87 0.87  
Reflection 0.35 .56 -0.54 38 .59 -0.25 0.46 -1.18 0.68  
Foreground color 0.21 .65 1.21 38 .23 0.55 0.46 -0.37 1.47  
Background color 3.68 .06 0.56 38 .58 0.25 0.45 -0.65 1.15  
Flicker 0.01 .94 -1.34 38 .19 -0.60 0.45 -1.51 0.31  
Response speed 2.99 .09 -2.04 38 .05 -1.00 0.49 -1.99 -0.01 

 Readability 2.61 .11 -0.67 38 .51 -0.25 0.37 -1.01 0.51 

 Impression 0.20 .66 0.97 38 .34 0.40 0.41 -0.43 1.23 

1080 
          

 
Brightness 0.18 .68 -0.80 38 .43 -0.40 0.50 -1.41 0.61  
Sharpness 0.06 .81 -0.74 38 .46 -0.45 0.61 -1.68 0.78  
Contrast 0.01 .91 -0.41 38 .69 -0.20 0.49 -1.19 0.79 

 Reflection 7.94 .01 -1.65 38 .11 -0.85 0.51 -1.89 0.19 

 Foreground color 0.41 .52 -1.68 38 .10 -0.75 0.45 -1.66 0.16 

 Background color 0.96 .33 -2.02 38 .05 -0.90 0.45 -1.80 0.00  
Flicker 0.58 .45 -2.13 38 .04 -1.00 0.47 -1.95 -0.05  
Response speed 3.56 .07 -1.76 38 .09 -0.95 0.54 -2.04 0.14  
Readability 0.22 .64 -0.35 38 .73 -0.20 0.57 -1.36 0.96  
Impression 0.07 .79 -2.19 38 .03 -1.10 0.50 -2.11 -0.09 
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Paired-Samples t Test Statistics  

 
Paired Differences t-test Statistics 95% Confidence Interval 

of the Difference 

Dependent Variable Mean Std. 

Deviation 

Std. Error 

Mean 

t df Sig. (2-

tailed) 

Cohen’s d Adjusted alpha 

level 

Lower Upper 

4K vs. 1080: Sharpness 2.10 2.15 0.34 6.19 39 .00 0.98 p > .005 1.41 2.79 

4K vs. 1080: Contrast 1.05 1.65 0.26 4.03 39 .00 0.64 p > .005 0.52 1.58 

4K vs. 1080: Readability 1.03 1.79 0.28 3.62 39 .00 0.57 p > .005 0.45 1.60 

4K vs. 1080: Impression 1.00 1.83 0.29 3.46 39 .00 0.55 p > .005 0.42 1.58 

4K vs. 1080: Foreground color 0.60 1.75 0.28 2.17 39 .04  p > .005 0.04 1.16 

4K vs. 1080: Background color 0.53 1.66 0.26 2.00 39 .05  p > .005 -0.01 1.06 

4K vs. 1080: Brightness 0.50 1.78 0.28 1.77 39 .08  p > .005 -0.07 1.07 

4K vs. 1080: Flicker 0.00 1.52 0.24 0.00 39 1.00  p > .005 -0.49 0.49 

4K vs. 1080: Reflection -0.15 1.92 0.30 -0.50 39 .62  p > .005 -0.76 0.46 

4K vs. 1080: Response speed -0.18 1.50 0.24 -0.74 39 .47  p > .005 -0.65 0.30 

Note. The alpha level was adjusted to account for familywise error using a Bonferroni correction. Significance differences are indicated in bold. 



257 

Overall Preference Rankings 

Participant Population Ranked best Ranked worse 

6 Gamer 4K for searching; 1080 for game 1080 for searching; 4K for game 

7 Gamer 4K for searching; 1080 for game 1080 for searching; 4K for game 

8 Gamer 4K for searching; 1080 for game 1080 for searching; 4K for game 

9 Gamer 4K  1080 

10 Gamer 4K  1080 

11 Gamer 4K  1080 

12 Gamer 4K  1080 

13 Gamer 4K  1080 

14 Gamer 4K  1080 

15 Gamer 4K  1080 

16 Gamer 4K  1080 

17 Gamer 1080 4K  

18 Gamer 4K  1080 

19 Gamer 4K  1080 

20 Gamer 4K  1080 

21 Gamer 4K  1080 

22 Gamer 4K  1080 

23 Gamer 4K  1080 

24 Gamer 4K for searching; 1080 for game 1080 for searching; 4K for game 

25 Gamer 4K  1080 

26 Digital creative 4K  1080 

27 Digital creative 1080 4K  

28 Digital creative 4K  1080 

29 Digital creative 1080 4K  

30 Digital creative 4K  1080 

31 Digital creative 4K  1080 

32 Digital creative 4K  1080 

33 Digital creative 4K  1080 

34 Digital creative 1080 4K  

35 Digital creative 1080 4K  

36 Digital creative 4K  1080 

37 Digital creative 4K  1080 

38 Digital creative 4K  1080 

39 Digital creative 1080 4K  

40 Digital creative 4K  1080 

41 Digital creative 1080 4K  

42 Digital creative 4K  1080 

43 Digital creative 4K  1080 

44 Digital creative 4K  1080 

45 Digital creative 4K  1080 

 


