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Abstract

This paper investigates the effectiveness of secondary displays in visual environments that require significant attention.  Specifically, we are interested in examining the tradeoff between distraction caused by animation and communication of information gained from a secondary display. We describe the design decisions behind the construction of the attention-centric task, followed by the procedure for the experiment. Our results indicate that the introduction of secondary displays in attention-centric task environments does cause a decrease in performance, and that fade-based secondary displays are better for maintaining awareness whereas ticker based displays are better for retaining information.
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1. Introduction


We are constantly gathering information from our surroundings, like monitoring the sound of our car or listening to our colleagues in our offices in an attempt to establish their presence. These are apt examples of information that is being effectively communicated through indirect attention. A radio can be seen as an example of an off-the-desktop secondary interface, which provides a person with audio-based information. Secondary displays on a computer desktop lie outside a user’s main attention focus, yet provide users with visual affordances for related monitored tasks. Advantages of secondary displays include being visual and non-intrusive in nature. These displays are well suited to environments that have higher ambient noise levels like industrial settings and law enforcement situations or work environments like hospitals that have strict restrictions on noise levels.  A secondary display augments the primary task interface by allowing users to perform their primary tasks and at the same time maintain awareness of other changing information with periodic monitoring. Secondary displays are designed to complement a primary task, promote multitasking, and enable users to maintain awareness of a variety of task related environmental factors without causing unwanted interruption to the primary task. In a world of information explosion, a secondary display provides an excellent mechanism to effectively acquire and manage a wealth of information resources without actually affecting a primary task, thus increasing throughput and productivity.


The main purpose of a secondary display is often to maintain awareness about certain other factors that are not directly related to the primary task that the user is performing. Awareness is a necessary attribute required for almost all of our daily tasks. When driving a car, the windshield acts as the primary interface. Looking through the windshield provides information in direct support of the primary vehicle operation task. The rear view mirror acts as a secondary display, providing information about the surroundings and enabling the driver to be aware of other changing environmental factors. Secondary displays facilitate awareness while allowing attentional focus to remain mostly on the primary display. In some cases, awareness gained through the secondary display provides input to the main task execution.  


While significant work has gone into the development of displays that can be run outside a user’s focus, few experiments have examined the effectiveness of these displays in terms of providing awareness and the resulting distraction. Previous work by Maglio et al. [4] only focused on tradeoffs between various information display mechanisms for tasks like word processing, which require high attention and extensive information processing, leading to a high cognitive workload. Maglio et al. found that continuously scrolling displays are more distracting than displays that start and stop, but information in both is remembered equally well. McCrickard et al. [6] focused on tasks like browsing that have lower requirements of attention and cognitive processing. They found that the presence of animated secondary displays did not distract the browsing task. Secondly, a fade animation enables the user to identify items quickly, whereas a motion-based animation in the secondary display leads to an increase in comprehension and memorability.  Czerwinski et al. [1] studied the effect of interruptions by an instant messaging service on a task of searching titles in a database. Their work revealed that the performance in terms of searching time had degraded with the introduction of the instant message. The primary task in this case required high attention and was cognitively demanding, as opposed to McCrickard’s tasks that required less attention and a light cognitive load.


This work seeks to understand how secondary displays affect primary tasks requiring constant attention.  We conducted experiments to simulate real world tasks where the use of a secondary display can help the user in several ways in non-computer centric work environments.  Examples of such tasks include virtual environments, head mounted displays, and vehicle information systems.  Each of these are visual, motion-intensive, attention-centric primary tasks that place extremely high demand on attention, yet are not particularly difficult.  These environments are usually characterized by the presence of secondary devices like information tickers, speedometers, directional aids, and other information providing ambient information about the state of the environment, although often the impact of these displays is not well understood.

Our work focuses on evaluating secondary displays that employ animated text based information delivery mechanisms.  We evaluated the amount of distraction caused by the presence of the secondary displays for attention-centric tasks that have normal cognitive loads. We also evaluated the amount of awareness that resulted by using these displays and the ability to recall the information presented in these displays. Finally, we evaluated different forms of animations for text-based secondary displays.

2. Application Areas


Many real-world situations would benefit from the applications of text-based secondary displays. To illustrate the effects of secondary animated displays in terms of interruption, reaction, and comprehension, potential benefits are presented below in two fictional examples. 

 
On the assembly line:  A worker may be required to constantly monitor an assembly line. Such environments may include very noisy conditions. A secondary display could bring information about an urgent meeting, remind about updated quality considerations (for example, if a particular part does not satisfy the quality metrics, some of the assembly lines that precede the final assembly might need to conduct extra quality assurance work), display time remaining before the break, announce news about the company (e.g., board decisions, new contracts, employee benefits). This notification system could have the shape and size of a small pager that can be affixed easily anywhere. The benefits potentially impact productivity and facilitate better communication within the company. In a noisy environment, this information would not have been communicated or would have required assigning a person to convey the information.


In a virtual environment that displays the Statue of Liberty:  Consider a person taking a virtual tour of the Statue of Liberty. The person enters the island from the boat and looks at the Statue of Liberty at a distance. Secondary displays complement the main view. One of them shows a small map with the exact location and the proposed route, while others provide additional information about the Statue of Liberty. As the person moves through the virtual environment, he passes different parts of the island. When the person passes any historical landmark, historical facts are presented in secondary displays. They are also used to capture, or attract, the user’s attention and display popular stories and legends regarding the Statue of Liberty. When the user passes the gift shop, the secondary display announces the special discounts from the online store.

3. Experiments


The purpose of the experiments was to evaluate reactions to and the distractions caused by the presence of animations in secondary displays. We conducted experiments that employed an attention-centric, motion intensive primary task with the presence of secondary displays that included animated text. This enabled us to measure the levels of awareness and distraction caused by the presence of animated text in secondary displays. The experiment consisted of two parts – “no awareness” and “awareness.” For the “no awareness” part of the experiment, the participants were presented with the attention-centric task alone. The “awareness” part of the experiment consisted of the attention-centric tasks accompanied by a secondary display. The purpose of having participants complete the attention-centric task without the secondary display was to collect benchmark data about the user performance on attention-centric tasks. 


In the awareness conditions, animated secondary displays were used to present the information. The participants were asked to perform the high-attention-centric tasks along with two secondary tasks that are described in the McCrickard paper as monitoring activities [6]. These activities were likely to test the short-term awareness of participants and the effectiveness of the information delivery mechanism for update feedback. The secondary display animation (ticker or fade) was continuously conveying information on news, weather, stock and sports results. Animation alternated between fade and ticker (three with the fade, three with the ticker). There was a finite time limit of four minutes, for which each of the dual tasks would be conducted. However, if the participant successfully became aware of the information presented in the secondary display and they correctly answered the monitoring questions, the current task would proceed to the next one. At the completion of each round, the participants were asked longer-term awareness questions that would provide an indicator to how much information in the secondary display the user could grasp at a higher level. Figure 1 shows the visual setup of the experiment.


Our tasks were designed after observing a variety of real world tasks. These tasks provided the underlying design principles for the attention-centric, motion intensive tasks, usually requiring the user to be highly attentive but without typically inducing cognitive load. The tasks were motion intensive in nature and therefore required constant manipulation. Errors and warning were conveyed using sound, and usually the task did not have high scope for performing errors. 


The awareness questions were included as part of the experiment to test the memory of the participants after being presented with different display conditions (ticker or fade). The questions consisted of four possible choices—each question had at least one correct answer but could also have multiple correct ones. The first question in each round required the participant to recall and select the type of information displayed during the round (for example weather, sport news, stock quotes, etc.). When the answer was correctly supplied, further questions required the user to recall more details about the information displayed. 


Performance was categorized as tasks without secondary displays (no awareness category), tasks with a fade as secondary display (fade category), and tasks with a ticker as secondary displays (ticker category). The dependent variables were the number of collisions, the monitoring time for the information present in the secondary displays, and the awareness demonstrated in the post round questions by correct responses. The data was counted and grouped in the three categories mentioned above and was then used to determine differences between the various groups.  The conclusions were drawn on the basis of these results.


The collision count is the number of times a user failed to manipulate correctly the inner square and resulted in a collision state. A collision state occurs when the inner square either touches the immediate outer square or is completely taken out. If the outer square touches the boundaries of the display that is also considered as a collision state. If the user ignores the collision state and does not rectify the situation, the collision count increments every second. 
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The monitoring time is the time from when the information was first entered into the cyclic display until the user acknowledged its presence by answering one of the awareness questions successfully [6]. The order of presenting this information was constant for all participants. After every round of tasks, a set of questions was asked about the information presented in the secondary display. The percentage of correct responses to these questions is referred to as the correctness rate. 
4. Results and Discussion

To analyze the results, analyses of variance (ANOVAs) were performed to detect statistical significance among the different experiment conditions. ANOVA tests for significant statistical differences in means for groups. The results described in this section are based on the data analysis performed from the 29 sets of test data collected. 

Two primary questions were studied as a part of this experimental setup. The first one was to evaluate the effect of the presence of a secondary display during a high-attention-centric, motion intensive task. The collision counts served as the primary measurement indicator of the degree of distraction induced by the secondary display. 

An ANOVA was performed for the total of collision counts for the three groups – no awareness, fade, and ticker (F (2,81) = 7.90, MSE = 16783.58, p < .001). The analysis revealed a significant difference between the groups, and therefore pairwise t-tests were conducted. Two paired sample t-tests on the number of collisions revealed a significant increase of collisions in the presence of a secondary interface.  

To study the amount of awareness gained, we evaluated the monitoring time with the fade and the ticker based secondary information displays. The participants had two specific kinds of information to look for. They had to press a button whenever they would see this specific information appear in the secondary displays. Since there was a limit of four minutes for every task, it was possible that some tasks were incomplete.  The paired sample t-tests for the average monitoring time for the fade and ticker revealed a significant difference (t (27) = 2.05, p = 0.050). 

The next analysis was conducted to determine the relative amount of information the user could recall from the information presented in the secondary displays after the completion of each task. The number of correct responses served as measure of comprehension. The paired sample t-tests revealed that the number of correct responses for a fade or a ticker differed significantly (t(83) = 1.99, p = 0.049). The mean scores for correctness were 54.16 percent for the fade and 78.57 percent for the ticker.


The difference between the numbers of collisions was considered as an indication of the distraction caused by the introduction of a text-based animated secondary display. This result is important, as previous work by McCrickard et al. [6] revealed that the presence of a secondary display does not cause distraction for certain tasks that require less attention and cognitive processing by the user. Our results for this pair of primary and secondary tasks are similar to the ones obtained by Maglio et al. [5], where the introduction of a secondary display caused a decrease in the performance of the main task. The similarity between these two studies is that both primary tasks had attention requirements. However, the amount of cognitive processing for the task in our study was certainly lower than the one used in the work done by Maglio et al. [4]. The monitoring time for tickers was significantly higher than fades, and this concurred with results from similar previous work of McCrickard et al [6] and Maglio et al. [4]. The comparison between the ticker and the fade device with regard to generating awareness in terms of participant recall precision was calculated. These results match McCrickard et al. [6] observations where significant differences were found in the correctness rates between fade and ticker, with the ticker performing better.

These results are significant findings that can be used for the construction of secondary displays in attention-centric, motion intensive task environments. The introduction of a secondary display with animated text introduces distractions, but at the same time provides the benefits of awareness. Therefore, before introducing secondary displays that employ animation in any attention-centric, motion intensive environment, the cost of distraction and the benefits of awareness need to be empirically evaluated. Our results, along with the conclusions of previous work, provide definite design tradeoffs for the different animated display mechanisms. For information requiring high degrees of awareness, fade based animations are better. The scrolling motion of the tickers makes it harder to read the text, therefore the time for update feedback increases. Information that requires long-term comprehension is better represented by ticker-based animation. The performance increases facilitated by ticker-based displays compared to the fade can be attributed to the amount of time the information is visible. Our experiments derived the primary tasks using design principles inspired by real world tasks, making our results more relevant to be used for designing real world secondary displays.

5. General Discussion

The objective of this evaluation was to determine the effect of animated secondary display notification systems in the task scenarios that typically had higher requirements for attention, motion intensive interaction, and moderate cognitive loads. Results were derived from measuring factors for interruption, reaction, and comprehension by participant ability to recall and react to information displayed on the secondary displays. 

Some of the important recommendations from this paper:

· Animated displays in the periphery can cause distraction to a high-attention-centric motion intensive tasks.

· Discrete displays like fade provide better update feedback than ticker-based displays.

· The ability to recall information was significantly higher for motion-based displays like tickers. 

We derived design decisions for our empirical tasks from real world tasks that have high attention requirements, are motion intensive in nature, and exhibit moderate cognitive loads. The construction of our primary tasks is unique from the previous work. Our motivation to evaluate secondary displays along with these tasks was to get a better understanding of interaction of all three notification system design objectives (interruption, reaction, and comprehension).  

Our experiments included only two types of animation (fade and ticker). Future investigations should focus on empirically evaluating other types of animation, such as discrete scrolling and vertical scrolling as used in the work by Maglio et al. [5]. Other mechanisms like sophisticated graphical animation and audio can also be used to study the impact of introducing a secondary display to primary task performance, as well as the differences between alternate information notification mechanisms compared with text-based animation. Graphically sophisticated simulation could also be used to simulate the natural environment in which these tasks usually take place. Further work based on these results can include constructing actual secondary display prototypes and studying them in the native primary attention-centric, motion intensive task environment. Measuring the impact of ambient environmental conditions like noise levels and the successful task execution metrics would also further augment our work.  

 Another direction of this work could be to vary the placement of the secondary display relative to the main workspace and study its effects. Although we tried to simulate attention-centric tasks, a common feature of diverse work environments is that they often allow the user customization options, such as those available in typical car dashboards.  
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Figure 1. Visual setup of the experiment. On top of the screen, the secondary display resided in the periphery. The secondary display employed ticker based animation and displayed information about stock, weather, and e-mail. In the center left, the high-attention-centric task requires the participant to constantly keep moving the outer box.
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