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ABSTRACT

Considering evaluating the decision making process with a decision matrix, is augmented reality an effective way to make observations on the decision making experience when compared to observation in reality on paper, a two-dimensional computer display, and virtual reality?
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INTRODUCTION

It is difficult to quantify the underlying processes of how people make decisions in a natural environment; often the recollection processes inaccurately reflect the actual processes that were used when making the decision. However, as technology improves certainly there should be some way to measure the decision process as it is happening in real time using Human Computer Interaction technology.  What we will do is create and evaluate an augmented reality interface to determine if it can be used in tracking the decision making process. To do this, a typical consumer decision making experience will be evaluated through different interface domains of paper and pencil, desktop application, augmented reality and virtual reality. In the augmented reality (AR) domain, computer generated images are overlaid onto the real environment while virtual reality is a completely computer simulated environment and limits the users’ mobility because it is contained (within the C6 CAVE, for example). The potential advantage that we see of AR over VR is that AR systems are less expensive to create and use and allow for greater freedom of motion which is equal to the freedom of motion in a real environment.  Also for comparison, we will have two more familiar domains. The first will track decision making processes in a completely real environment, the paper and pencil domain. The paper and pencil domain involves lifting tabs on a paper decision matrix.  As well we will also be conducting a study of making decisions in a 2D computer screen domain. The 2D study involves the use of a computer monitor as an interface. The motivation for this project lies in trying to find a tool to better the outcome of high risk decision making. Often firefighters, police officers and military personnel experience emergency situations. When asked to recall how they made decisions, they often do not remember the details. One cannot evaluate decisions as they are being made or accurately capture what happened. In the future, a decision matrix in augmented reality could help people make the best decision, as well as train people to act the safest way when under high stress.  To summarize, we will be looking to find an answer to the research question below.

Research Question

Considering evaluating the decision making process with a decision matrix, is augmented reality an effective way to make observations on the decision making experience when compared to observations in reality on paper, a two-dimensional computer display, and virtual reality?

Literature Review

Decision making has been a frequently studied topic. In the 1980’s Gary Klein studied how people made decisions and found that most people rely on a heuristic approach to decision making rather than an algorithmic approach. [1] He particularly looked at how they make decisions under stress, particularly the type of stress faced by those in urgent situations such as firefighters, emergency responders, and military personnel.  He found that many people do not generate options and evaluate all dimensions of a decision, but rather they rely on past experience when making decisions.   When faced with emergency situations people may rely on strategies to compensate for a lack of time or the stress of the situation. [13] A limitation to research on making decisions in an urgent situation is that it cannot happen in real time for obvious safety concerns.  There have been studies done in virtual reality that simulate emergency situations, but in those cases movement is an issue as well as the currently limited availability of virtual environments.  Our plan is to create an augmented reality tool to measure the decision making experience as it occurs without the limited resources or movement issues of a full virtual reality cave.  However, measuring how the decision making experience is effected by the augmented reality domain has not previously been done. 

Augmented reality is a relatively new field. An example of augmented reality, environmental hybrids of real and virtual objects, is modeling and simulating designs for building payloads for NASA.  This interface allow the users to prevent future problems with building the payload like the possibility of requiring tools or more space between the real object and the virtual object. While the technology is helpful, it’s not perfect.  Some issues are that they have problems with the real image of the hands of the user because the movement appears in the screen after the make the move [2]. This is a problem that we need to pay attention because it could confuse the user and make the interface difficult to learn. 

Earlier this year, Doug Bowman worked with how to make 3D user interface more effective. A 3D user interface is effective if the goals are realized, tasks are done better, and the user does not get frustrated or feel uncomfortable.  In our research we need to be sure that the user feels comfortable using every domain for its intended purpose of selecting the best car. [3] In addition we will try to make the interface match the user’s perception of making the decision in a real life situation while staying within the limitations of using a decision matrix.

For this experiment, we are evaluating the decision experience of a low stress, low risk scenario: purchasing a car. It is important to differentiate the decision making process vs. the decision making experience. The decision making process is the psychological functions that occur when a decision is being made, while the decision making experience is how the user feels in the environment. In our case we will be looking at the experience only.  This is done in order to gauge the effects of the domain on the decision making experience to know how effectively a particular domain (especially augmented reality) can be used to eventually measure the decision making process.  Eric J. Johnson and John W. Payne have extensively studied purchase sessions and consumer decision making. [4][5] They have evaluated consumer decision tasks, consumer decision processes, choice heuristics, predicting online buying behavior [7] and searching patterns. Their research has produced numerous results, including information about preferences. For instance, people often do not have well defined preferences; rather they construct them on the spot when they must make a choice. In understanding how people make decisions, this information shows that processing approaches may change as consumers learn more about problem structure and choices highly depend on a variety of factors characterizing decision problems, individuals, and the social context. Choice among options is context dependant, it depends on how one is asked and how the choice set is represented or displayed. [6]

In order to plan the usability study [8] and understand the best way of evaluating the decision making experience, i.e. the most effective questions to ask the user post experience to gather the best data, we  have looked to the Journal of Consumer Research[9]  and the Journal of Retailing[10]. A survey, more focused on quantitative results but also including some qualitative basis, would be an effective way to measure the user experience. We would like to gauge comfort level, ease of use in the domain environment (clarity, comprehensiveness, complexity), emotions (excited, bored, frustrated, dizzy), design (look, innovation) as well as level of engagement. These are the factors that make up the decision making experience.

The decision matrix is arranged in such a way that anyone can easily trace. A study on the effects of information overload on consumers in the internet shopping environment, by Yu-Chen Chen, concluded that inexperienced consumers in particular, cannot effectively handle too much information. [11] People have a limited information processing system and limited processing capacity for human memory; if consumers have too much information, overload occurs. [12] Findings suggest that a large amount of information is detrimental and leads to poorer decision making and dysfunctional performance.  Our decision matrix approach will therefore serve two important purposes; first, by limiting the information that people can view to one evaluation dimension of one decision at a time, they are less likely to be overwhelmed by too much information.  The other purpose is that we can easily keep track of what people look at when making a decision.  The latter purpose will be absolutely critical when these domains are used to evaluate decision processes in the future.

METHODS
There were 42 participants in our study, 26 males and 16 females. Each participant only experienced one domain. The reason for doing a between-group design (each participant goes to one session only, look at results between groups) as opposed to a within subject design is because biases occur. There is a major effect on the experience when going through the matrix more than once, and we would like to see how the domain affects the experience without bias.

A typical consumer decision making experience, particularly a car purchasing experience, was evaluated through different interface domains of paper and pencil, desktop application, augmented reality and virtual reality. The subject was given a short survey asking for demographic information. After completing the survey, the respondent was assigned one of the four conditions listed below (augmented reality, virtual reality, two-dimensional, or paper-based reality). In each condition, the respondent was asked to make a decision by looking at the decision matrix. In this experiment, they looked at four cars and their perspective insurance costs, gas mileage, safety performance and mechanical reliability, in order to make a decision about which car they would be likely to purchase.

The domain environments were prepared as follows:

Augmented Reality (AR) - In this condition, the user put on a head mounted device to view the cars and matrix. This device has one web camera mounted on it and the video in reality is be displayed as the background on the screen (the headset has two screens, one in front of each eye).  In this setup, the user saw the real world through the lens of the web camera as well as in his or her peripheral vision and digital artifacts will be displayed on top of the world (e.g. the decision matrix and the cars). They were able to open the decision matrix whenever they wanted by using a wireless presentation remote. They were able to select boxes of the decision matrix and view the information in those boxes; everything they clicked on was recorded within the program. They used the decision matrix to select criteria important to them (e.g. costs, safety, etc.) They were also fully mobile, and walked around 4 large pieces of cardboard. The camera would recognize 6 markers on each of the boards and display the appropriate car. The authors recorded the objects the user looked at within the matrix to make his or her decision on which car to purchase. 

Virtual Reality (VR) - This condition was performed in the C6 Virtual Reality CAVE (a six sided environment where images are projected on to the walls, floor, and ceiling). The user entered the CAVE and put on head tracking 3D goggles. They were fully immersed in this environment (e.g. seeing cars in a lot and being able to navigate around them by moving their body). The head-tracking device ensured that the displays matched their perspective.  The user used a game controller to bring up the decision matrix and used the joystick on the game controller to navigate the matrix. He or she was able to see the attributes (e.g. safety, costs, etc.) and select them to see that specific information (e.g. safety rank) to make a decision on the situation (which car to buy). 

Computer Screen Display (2D) - In the two dimensional condition, the user saw an application on the computer screen with a decision matrix. He or she used the mouse to click on the boxes in the matrix to display information about the attribute. For example, if the user clicked on safety of a particular car, the user would see the safety information displayed. There was also a second screen where the virtual images of the four cars were displayed. The user would make a final decision and select the car they wanted to purchase, and the experiment would end.

Reality (Paper and Pencil) - In the paper and pencil condition, there was a camcorder set up on a tripod to capture the decision making process. The user would have a sheet of paper with a matrix printed on it in front of them. There were cardstock squares stabled on top of the sheet of paper and when the user wanted to see the information of an attribute on the matrix, they would lift up the tabs one at a time to see it. There were also cutout pictures of the four cars. They would finish when they made a decision about the scenario and chose a car to purchase. To show which car they were purchasing, they placed appropriate car cutout and over the “purchase car” sheet.

When the subject finished the decision making experience in the appropriate domain, they would continue taking the rest of the survey about their about their experience. 
Data analysis

The authors will be looking at two types of variables: numerical values (i.e. 1-5 on Likert scale), and categorical values (4 cars, 4 domains). The authors will be evaluating Likert scale results to see if there is a significant difference between domains. The t-test will be used to see if two samples differ from each other. The t-test gives a p value, the probability that two groups significantly differ from each other. A standard alpha (arbitrary number used to define significant difference) value of 0.05 will be used, and if p < 0.05, the two groups are significantly different. It would take 6 t-tests to evaluate amongst 4 groups or domains, so when evaluating the four domains, the authors will use analysis of variants (ANOVA). This measurement tool also results in a p value. 

In order to compare between variables in a problem, such as determining the likeliness of a person to make a purchase in one domain vs. a different domain, the authors will perform regression analysis. This method allows the authors to perform a statistical analysis between categorical variables and numerical variables. The intercepts and slopes for each of the variables will be produced and will provide the authors with a value known as p > chi sqr, and R2. The higher the R2 value, the less dispersed the results are (the less random). For the p > chi sqr value, the authors would like to obtain a result of 0.05; the lower this value is, the better. If the slope is significant (0.05 or less), the authors can conclude that the data is represented well.
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Results and Conclusion

In considering our results, one must recall exactly what the purpose of the experiment was.  We wanted to see if augmented reality can be used to measure the decision making process.  It was therefore important to find out how factors such as navigation, confusion, and enjoyment of the experience are affected by one domain (specifically augmented reality) are different from those same factors in other domains.  And, it is important to note that because we want this type of AR system to eventually be used to track the decision making process in different types of situations that we do not necessarily expect major differences due to the domain as they may indicate difficulties in using the system to measure the decision process.  

We were unable due to limitations of the ability to use Iowa State’s C6 CAVE to run more than one participant through VR.  Needless to say, this means that we got no meaningful results from this domain, so this section will only cover AR, 2D, and paper and pencil. However, this does demonstrate why an AR system is so useful as a substitute for VR because it is more readily available.  If we were not able to reserve the C6 on any of the eight days that we ran experiments, one can clearly see why VR is not practical to measure a decision process simply because a good VR system is not always available for use.

That being said, we did find significant differences on a few of the survey questions that indicated differences in the usability of different domains.  For example, one question was how easy was it to navigate in this domain and we found a difference of .9 in the quantified Likert scale (1 = Strongly Disagree, 5 = Strongly Agree) values from 3.55 in the paper and pencil to 4.45 in the 2D domain (p  = .0420). We found similarly significant results when we asked participants about how much fun they had using a particular domain to make a decision.  We found a difference between paper and pencil (µ = 2.6667) and augmented reality (µ= 4.000) of 1.3333 (p =  .0262).  On the other hand, people were more comfortable making the decision with paper and pencil than in augmented reality (µ = 2.666667 compared to µ = 2.000, p = .1004).  This is perhaps the most important result as it indicates a potential difference in the decisions that people make in different domains.  

Indeed, we found that, interestingly enough, the predominant choice in the paper and pencil and 2D domains was the green car (14 out of 20 trials over both domains) while the yellow car was the one chosen a majority of the time in the AR domain (7 out of 11 trials).  The reasons why this occurred may have to do with how comfortable people felt in the domain.  Considering all evaluation dimensions equally (which many participants likely did not do) the green car was the best car in terms of the sum of its numerical values of its column in the decision matrix (sum = +5), the yellow car was second best based on the same criteria (sum = 0).  It is reasonable to think that maybe people’s comfort in making a decision led them to make a poorer choice.  Although we acknowledge that it is possible that people in AR simply held different criteria when selecting a car.

Although we did have significant differences in previously mentioned areas, there were some places where there was little difference and that is also important to know.  Because we were trying to find out if AR can be used to measure the decision making process, too many significantly different responses would have indicated that augmented reality is too different from domains already in use to be considered a viable option to use in other experiments.  It is therefore good that many of the survey questions indicated very little difference between the experience of making a decision in AR and making a decision in other domains.  This means that this technology can still potentially be used to measure the actual decision making process, perhaps even in simulated high risk scenarios.
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