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Abstract

Rover [1] is a location aware information service framework for handheld devices being developed at the University of Maryland. It can be deployed in places like shopping malls, museums and schools. This project is aimed at developing the user interface for an in-building Rover system to be deployed in the AV Williams building of the Department of Computer Science. The design is determined by different treatments of the system functionality. Some of the functions that are part of the Rover are: navigation aid, scheduling, locating people, and email/chat. Our study conducted with 20 subjects focused on 2 different tasks corresponding to navigation directions and scheduling. We conducted tasks to compare the use of colors vs. monochrome displays and map-based vs. text-based directions. The results show subjective preference for maps and colors over text and monochrome respectively but the performance differences are not statistically significant.

Introduction

Background

With the prevalence of hand held devices and wireless networks people are not required to sit in front of their desktops to access information. Various wireless network technologies like IETF 802.11 [2] and Blue-tooth [3] are making it possible to access the information independent of the location. Many companies like Compaq, Palm, and HP are developing customized hand-held information devices like Palm Pilot, iPAQ and Jornada [4]. 

Rover [1] is a project at the University of Maryland, College Park that is trying to put these technologies together to create a framework for providing information.  The information is customized according to the device profile, the user profile and the location of the user. Similar projects are being worked on in other academic labs and industries. HP has designed CoolTown [5] that integrates all the objects with the web by using web-signs. Cornell University designed an E-guide to provide navigation aid to visitors. In order to support typical applications the Rover Technology uses several basic capabilities: un-tethered wireless communication, seamless integration across different technologies, audio and video streaming, personalization, multilingual capabilities and  high degree of security. The user interacts with the system using a hand-held device such as a Palm Pilot or a Compaq iPAQ. Applications of Rover system include: automated guide for museums, shopping assistant for shopping malls, personal assistant for students and visitors on campus.

For the user interface various devices can be used like Palm Pilots, Compaq iPAQs, Fujitsu Pen Computers. All these devices have different functionality and interface. Some of the important characteristics of these devices that affect the design of information providers like the Rover Client are monochromatic and color screens, ability to display text and graphics, sound capability, input method, etc. Earlier versions of Palm Pilots can only display monochromatic text. Some versions of iPAQ like H3600 series can display 12 bit colors, have a faster processor to handle the graphics and can play 16-bit sound. Our project is to design parts of the user interface of the Rover Client for some of these devices. Specifically we are looking into user interface for navigation aids and scheduling for a Compaq iPAQ H3600 series device. This paper describes the design of the user interface mentioned above.

Previous Research

Map versus Text Directions

Two different types of resources play an important role in designing navigation systems for handheld devices: technical resources of the machine and cognitive resources available to the user [6]. Technical resources cover all kinds of limitations of the handheld devices such as screen size, resolution, colors, and characteristic of communication medium. The design should obey the technical resources but also take into account the users’ limited cognitive resources to decode and understand a presentation.

Presentation of route directions range from a 3D walkthrough guided by a virtual scout accompanied by spoken text to simple text explanations indicating the directions [12]. This paper examines the effectiveness of map-based versus text-based directions in terms of both speed and accuracy in finding the targeted locations.

The effects of graphics on human performance are highly dependent upon the tasks [8]. Therefore the question is: What are the characteristics of the tasks that we can make use of to graphically present information?  Two factors might influence the effectiveness of graphically versus textually presented information [9]. The first factor is the S-C-R compatibility: the compatibility between the stimulus, the cognitive processing, and the response required for the task. The second factor is the degree to which several pieces of information can be presented in a simultaneous format.

Tasks that require spatial processing in working memory can be best served by visual spatial displays and more poorly served by textual displays [10]. Text-only descriptions are notoriously inadequate for expressing complex spatial relationships [11].

Comparing text and graphics in navigation display design was recently studied [7]. In this study, participants who are pilots were asked to choose an airport farther from an approaching storm front by using a touch sensitive display panel. The independent variables were 1) nearest airport information display mode (text-only display, enhanced-text display; displaying the orientation of the airport, map display), 2) map display mode (north up or track-up), 3) aircraft heading (north or south), and 4) turbulence (on or off). Dependent variables were decision time, decision accuracy, and navigational accuracy. The study showed the superiority of graphical over textual information display of nearest airport information. Pilots were significantly faster and accurate using the map display than using either the text-only display or enhanced-text display.

Color versus No Color Displays

The use of color in HCI literature and related disciplines varies in its focus. Colors have been used for improving performance in search-and-locate tasks; recall tasks, decision judgment tasks, and retention tasks. 

Benbasat, Dexter, and Todd [14] demonstrated the effectiveness of color on learning and information acquisition in decision support systems. In this study, color was found helpful in situations where the decision maker was under a time constraint, and at early stage of problem solving heuristic.

Hoadley [13] studied the effects of color on a decision maker’s ability to extract information from different graphical and tabular presentations. In this study, participants were presented with business time series data in four different formats: table, line graph, bar graph, and pie chart.  They were asked to extract information from these presentations. Time of information extraction and accuracy of the extraction were measured. The results indicated that color improves time performance for tables, pie charts and bar graphs, and accuracy performance for pie charts and line graphs. These finding are consistent with the literature regarding the use of color with alphanumeric data [15].

Our experiment is a pilot study and is focused on two specific tasks on handheld device (a Compaq iPAQ). Previous studies analyzed a larger variety of treatments for the tasks we are investigating. From those we chose minimal yet relevant treatments: 2D Maps vs. Text (12pt font) based directions and colored vs. monochromatic schedule displays.

Experiment

Introduction and Hypothesis

Our experiment is designed to determine the effect of colors and graphics in displaying information on handheld devices. Specifically we investigated the effect of colors in displaying the weekly schedules of professors and use of graphics in giving directions to people within the building. We hypothesize that:

1) Use of colors results in statistically significant differences in performance time and number of errors over monochromatic displays.

2) Map-based directions produce statistically significant differences in performance time and number of errors over text-based directions.

Variables
Independent Variables
We chose one independent variable for each of the hypotheses. For the schedule experiment we chose number of colors as our independent variable with two treatments. 

Monochromatic Display: 2 colors (black, white)

Color Display: 5 colors (black, red, green, yellow, orange)
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For the navigation aid experiment we chose display of directions as our independent variable with two treatments

Map Directions: Use map of the building with path marked over it to show the direction that the user has to follow.

Text Directions: Use text-based directions for guiding the user.
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We designed 4 information displays with all possible combinations of independent variables as shown in the tables below. A sample screen for each treatment is shown above. 

	Display Screen
	Display Type

	1: (Color)
	Color 

Display

	2: (No-color)
	Monochromatic Display


	Display Screen
	Direction Type

	1: (Maps)
	Map based directions

	2: (Text)
	Text based directions


Dependent Variables
We measured two dependent variables for each of the subject:

1) Performance time: Time needed to perform the task correctly. If the user made any error the task was not interrupted and the time taken to rectify the error was included in performance time.

2) Number of errors: Errors made by the user during the task was recorded as well.

The display screens were presented to the user in a random fashion. Subjects were timed and observed during the experiment.

Pilot study results
We conducted pilot studies with 4 subjects. We improved the display of map directions based on the feedback received from our pilot subjects. The orientation of the map was changed from portrait to landscape mode to make the maximum use of available screen space and thus show a higher resolution map. We colored the corridors yellow to distinguish them from the rest of the building.

Subjects
We choose subjects who are comfortable with using computers. Twenty graduate students from the University of Maryland participated in our study. Our subjects consisted of 4 females and 16 males between the age of 20 and 30. The majority of the subjects were computer science majors. We conducted a within subjects experiment. No training in using the iPAQ was required for the subjects as their interaction with the device was minimal. Prior to the experiment, our subjects were given instructions about the purpose of the experiment, their tasks, and the procedure of the experiment. All the subjects were familiar with the building in general, but not with the floor on which we conducted the navigation task in particular. All the subjects signed the consent forms. 

Materials

The following materials were used to conduct the experiment: 

1) The simulation of 4 display screens with their corresponding update screens (20 screens in total). A stopwatch with 0.1 second of accuracy was used for timing the experiments.


2) Pre and post questionnaires

3) Written and oral instructions 

All the materials mentioned above are attached in the appendices.

Procedure

The subjects were given instructions and consent forms at the beginning of the experiments. All queries were answered before the experiments. 

Before starting the experiment, subjects were given a training task for the scheduling part of the experiment. The task was to find the next available slot to meet with a professor, given the schedule of that professor for a week and a starting time (e.g.“suppose it is Monday 11 am; when can you schedule a meeting?”). The task had 2 treatments: color and no color screens.

Then, the subjects were presented with the screens for the schedule experiment. The subjects were required to perform a first task similar to the training task, with two different treatments (color and no color). Subjects were shown the weekly schedule of a fictitious Professor X. They were given a starting time and ending time in the week and were supposed to report the number of slots in which a meeting with the professor could be scheduled (e.g.“what is the total number of slots available for a meeting between Tuesday 12 pm and Wednesday 5 pm?”). The subjects could schedule a meeting either in office hours or available hours.

For the second task the subjects were taken to the second floor of the A.V. Williams Building in the University of Maryland, College Park. The subjects were supposed to reach a particular spot on that floor from a certain starting point. The subjects were told about the orientation of the building and their relative position (e.g.: you are facing south). Initial directions were provided at the starting point. The directions were discreetly updated when the user reached a checkpoint. We divided the path into five checkpoints with three additional checkpoints in case the user went on the wrong path. For the map directions, the path the user had to follow was shown with a blue line with a red dot indicating the destination. Since we had no location determination technology, the user’s location was assumed to be on the last segment of the path (starting from the destination). The subjects were told about this setup. As the user walked along the path, the directions were updated to display the directions from the current checkpoint. In case of map directions, this meant the path started from the current checkpoint to the destination (red dot). As the user came closer to the destination, the path became shorter. For the text directions, the user was advised to read the first 2-3 directions only as we kept updating the directions as the user reached a checkpoint.

A Compaq iPAQ was configured to run LINUX (kernel version 2.4) on it. The screens were represented as full screen mode of the OPERA web browser. All the screens were written in HTML. Maps were shown in GIF format. Arial 12 pt. text was chosen for displaying all the information. Since the iPAQ does not have enough memory to run a complete web browser, we used remote display capabilities of the X server to run the application from a laptop and export the display to the iPAQ. The machines (iPAQ and laptop) communicated using 802.11 ad-hoc mode. The display screen on the iPAQ was controlled by an application written in Tcl-Tk that controlled the opera browser. A screen shot of the control application is given below.
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Results

The experiment collected data about the tasks users were presented with and their answers to the post-questionnaire. The results were gathered in MS Excel tables for statistical analysis.

Tasks results

T-tests were performed separately on the 2 tasks: visualizing schedules with colors and with no colors and following directions with maps and with text. For both tasks T-tests were done for the 2 dependent variables: performance time and number of errors. The results for the scheduling task show that the performance time between working with color schedules vs. monochrome schedules do not have a significant difference   (t(19)=-0.26, p=0.79 two tail).
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Also, the analysis done on the number of errors in the two cases proves no more significant differences than those for the performance time (t(19)=-1.24, p=0.28 two tail).

The results for the directions task again do not prove significant differences between the performance times, although it seems to be some difference in favor of the use of text (t(19)=0.12, p=0.90 two tail).

Also, unlike the scheduling task, the number of errors for using maps and text turned out to be the same (t(19)=0, p=1 two tail).
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Questionnaire results

Out of 20 subjects, 13 prefer map directions to text directions and 7 prefer text directions to map directions. The t-tests show the following results: t(19)=0.59 and p=0.56 two tail. Out of 20 subjects, 16 prefer colored schedules to monochrome ones, and 4 prefer monochrome schedules to colored ones. The subjects were asked to rate on a scale from 1 (difficult) to 9 (easy) the use of text vs. maps. We calculated the average of their answers, and the overall result shows a slight subjective (but not statistically significant) preference for maps:

	Average Preference Maps
	Average Preference Text

	6.95
	6.55


The subjects rated on a scale from 1 (useless) to 9 (helpful) the use of colors for visualizing schedules. Again, the average 6.65 shows a slight subjective (but not statistically significant) preference for colors. Subjects were also asked to rate on a scale from 1 (adequate) to 9 (inadequate) the amount and type of colors used. The average of their answers is 4.

All data and statistical analysis are presented in the Appendices.

Discussion

The goal of our experiment was to establish the importance of using maps vs. text in giving directions and of using colors vs. no colors in displaying schedules. To achieve this goal we conducted separate tests for each of the 2 tasks: following directions and working with schedules. Our hypotheses were that, for directions, maps are more efficient than text, and, for schedules, colors are more efficient than monochrome. We had 20 subjects for our experiments and after doing the statistical analysis, we concluded that we needed more subjects in order to get statistically significant differences. Unfortunately, the results neither support nor contradict our hypotheses. The data collected for the 2 tasks (performance time and number of errors) show no statistically significant differences. However, the post-questionnaire results indicate subjective preference for the use of maps and for the use of colors.

We conducted 1 task for schedules with 2 treatments: colors and no colors. We conducted 1 task for directions with 2 treatments: maps and text. 

As for the questionnaire, subjects were asked to evaluate the tasks and also to provide some comments about the whole experiment. 

The conclusions we derive from their comments are:

· Text based directions were a little confusing in the way they were updated as the subject was moving towards the destination. 

· Subjects’ opinions about updating directions were split between updating too fast and updating too slow.

· The colors used for the schedule would have been more helpful if they were chosen from a larger variety of colors (more contrast).

· Subjects were more comfortable with colored schedules once they became accustomed to the task and technology.

· The size of the map and of the schedule was an issue, and can be improved. 

Conclusion

Impact for practitioners

Our experiment tried to establish the effectiveness of maps over text for navigation directions and effectiveness of colors over monochromatic schedule displays. The results of our experiments showed a subjective preference for maps and colors though we could not get statistically significant differences to support our hypothesis.

Suggestions for future research
From the experience of our studies we derive the following suggestions for future research.

· Increase number of subjects to achieve statistically significant results.

· There are various treatments possible within the treatments we studied. For example one can use 3D maps, landmarks and symbols to give directions.

· Contrasting colors need to be used to distinguish between different categories of schedules.
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		SD		3.2971279368		3.0170567742						SD		0.6958523739		0.470162346

		t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means

				MapsTime		TextTime								MapsErrors		TextErrors

		Mean		128.6842105263		117.5789473684						Mean		0.3684210526		0.3684210526

		Variance		1524.5614035088		444.9239766082						Variance		0.4678362573		0.3567251462

		Observations		19		19						Observations		19		19

		Pearson Correlation		0.2772032598								Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		10								Hypothesized Mean Difference		0

		df		18								df		18

		t Stat		0.1238627324								t Stat		0

		P(T<=t) one-tail		0.451398315								P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062								t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663								P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661								t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056						SD		0.6839855681		0.5972647204





Sheet10

		t-Test: Paired Two Sample for Means

				NoColorTime2		ColorTime2

		Mean		7.15		6.45

		Variance		10.8710526316		9.1026315789

		Observations		20		20

		Pearson Correlation		-0.2663953207

		Hypothesized Mean Difference		1

		df		19

		t Stat		-0.2668713639

		P(T<=t) one-tail		0.3962216144

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.7924432289

		t Critical two-tail		2.0930247047

		SD		3.2971279368		3.0170567742





		t-Test: Paired Two Sample for Means

				NoColorErrors2		ColorErrors2

		Mean		0.2		0.3

		Variance		0.4842105263		0.2210526316

		Observations		20		20

		Pearson Correlation		0.2895702534

		Hypothesized Mean Difference		0.1

		df		19

		t Stat		-1.2453996982

		P(T<=t) one-tail		0.1140627817

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.2281255634

		t Critical two-tail		2.0930247047

		SD		0.6958523739		0.470162346





		t-Test: Paired Two Sample for Means

				MapsTime		TextTime

		Mean		128.6842105263		117.5789473684

		Variance		1524.5614035088		444.9239766082

		Observations		19		19

		Pearson Correlation		0.2772032598

		Hypothesized Mean Difference		10

		df		18

		t Stat		0.1238627324

		P(T<=t) one-tail		0.451398315

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663

		t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056





		t-Test: Paired Two Sample for Means

				MapsErrors		TextErrors

		Mean		0.3684210526		0.3684210526

		Variance		0.4678362573		0.3567251462

		Observations		19		19

		Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		0

		df		18

		t Stat		0

		P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661
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Sheet1

		SubjID		NoColorTime1		NoColorErrors1		NoColorTime2		NoColorErrors2		ColorTime1		ColorErrors1		ColorTime2		ColorErrors2		MapsTime		MapsErrors		TextTime		TextErrors		Ratio M/T

		1		5		0		5		3		8		0		3		1		127		0		125		0		1.016

		2		18		0		15		0		7		0		3		0		131		1		130		0		1.0076923077

		3		6		0		12		0		6		0		5		1		108		0		95		1		1.1368421053

		4		5		0		9		0		7		0		5		0		111		0		111		0		1

		5		10		0		10		0		6		0		5		0		130		0		134		0		0.9701492537

		6		47		1		4		0		2		0		10		0		260		2		150		1		1.7333333333

		7		7		0		6		0		3		0		5		0		107		0		177		2		0.604519774

		8		7		0		3		0		8		0		11		1		112		0		117		0		0.9572649573

		9		6		0		5		0		11		0		5		0		187		2		102		0		1.8333333333

		10		6		0		5		0		6		0		5		0		112		0		122		0		0.9180327869

		11		5		0		7		0		6		0		4		0		107		0		87		1		1.2298850575

		12		19		1		4		0		4		0		5		1		170		1		110		0		1.5454545455

		13		9		0		13		1		3		0		7		0		1000		3		111		0		9.009009009

		14		51		2		10		0		5		0		7		0		130		1		116		0		1.1206896552

		15		13		0		5		0		5		0		10		1		106		0		111		0		0.954954955

		16		19		0		7		0		7		0		15		0		112		0		90		1		1.2444444444

		17		7		0		5		0		4		0		6		1		108		0		104		0		1.0384615385

		18		14		0		7		0		8		0		8		0		97		0		110		1		0.8818181818

		19		8		0		6		0		4		0		4		0		104		0		116		0		0.8965517241

		20		9		0		5		0		7		0		6		0		126		0		127		0		0.9921259843

		AVG		13.55		0.2		7.15		0.2		5.85		0		6.45		0.3		125.18		0.5		117.25		0.35		1.09

																				128.68								1.45





Sheet1 (2)

		SubjID		NoColorTime1		NoColorErrors1		NoColorTime2		NoColorErrors2		ColorTime1		ColorErrors1		ColorTime2		ColorErrors2		MapsTime		MapsErrors		TextTime		TextErrors

		1		5		0		5		3		8		0		3		1		127		0		125		0

		2		18		0		15		0		7		0		3		0		131		1		130		0

		3		6		0		12		0		6		0		5		1		108		0		95		1

		4		5		0		9		0		7		0		5		0		111		0		111		0

		5		10		0		10		0		6		0		5		0		130		0		134		0

		6		47		1		4		0		2		0		10		0		260		2		150		1

		7		7		0		6		0		3		0		5		0		107		0		177		2

		8		7		0		3		0		8		0		11		1		112		0		117		0

		9		6		0		5		0		11		0		5		0		187		2		102		0

		10		6		0		5		0		6		0		5		0		112		0		122		0

		11		5		0		7		0		6		0		4		0		107		0		87		1

		12		19		1		4		0		4		0		5		1		170		1		110		0

		14		51		2		10		0		5		0		7		0		130		1		116		0

		15		13		0		5		0		5		0		10		1		106		0		111		0

		16		19		0		7		0		7		0		15		0		112		0		90		1

		17		7		0		5		0		4		0		6		1		108		0		104		0

		18		14		0		7		0		8		0		8		0		97		0		110		1

		19		8		0		6		0		4		0		4		0		104		0		116		0

		20		9		0		5		0		7		0		6		0		126		0		127		0

		AVG		13.7894736842		0.2105263158		6.8421052632		0.1578947368		6		0		6.4210526316		0.3157894737		125.18		0.3684210526		117.5789473684		0.3684210526

																				128.68
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Sheet9

		t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means

				NoColorTime2		ColorTime2								NoColorErrors2		ColorErrors2

		Mean		7.15		6.45						Mean		0.2		0.3

		Variance		10.8710526316		9.1026315789						Variance		0.4842105263		0.2210526316

		Observations		20		20						Observations		20		20

		Pearson Correlation		-0.2663953207								Pearson Correlation		0.2895702534

		Hypothesized Mean Difference		1								Hypothesized Mean Difference		0.1

		df		19								df		19

		t Stat		-0.2668713639								t Stat		-1.2453996982

		P(T<=t) one-tail		0.3962216144								P(T<=t) one-tail		0.1140627817

		t Critical one-tail		1.729131327								t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.7924432289								P(T<=t) two-tail		0.2281255634

		t Critical two-tail		2.0930247047								t Critical two-tail		2.0930247047

		SD		3.2971279368		3.0170567742						SD		0.6958523739		0.470162346

		t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means

				MapsTime		TextTime								MapsErrors		TextErrors

		Mean		128.6842105263		117.5789473684						Mean		0.3684210526		0.3684210526

		Variance		1524.5614035088		444.9239766082						Variance		0.4678362573		0.3567251462

		Observations		19		19						Observations		19		19

		Pearson Correlation		0.2772032598								Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		10								Hypothesized Mean Difference		0

		df		18								df		18

		t Stat		0.1238627324								t Stat		0

		P(T<=t) one-tail		0.451398315								P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062								t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663								P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661								t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056						SD		0.6839855681		0.5972647204





Sheet10

		t-Test: Paired Two Sample for Means

				NoColorTime2		ColorTime2

		Mean		7.15		6.45

		Variance		10.8710526316		9.1026315789

		Observations		20		20

		Pearson Correlation		-0.2663953207

		Hypothesized Mean Difference		1

		df		19

		t Stat		-0.2668713639

		P(T<=t) one-tail		0.3962216144

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.7924432289

		t Critical two-tail		2.0930247047

		SD		3.2971279368		3.0170567742





		t-Test: Paired Two Sample for Means

				NoColorErrors2		ColorErrors2

		Mean		0.2		0.3

		Variance		0.4842105263		0.2210526316

		Observations		20		20

		Pearson Correlation		0.2895702534

		Hypothesized Mean Difference		0.1

		df		19

		t Stat		-1.2453996982

		P(T<=t) one-tail		0.1140627817

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.2281255634

		t Critical two-tail		2.0930247047

		SD		0.6958523739		0.470162346





		t-Test: Paired Two Sample for Means

				MapsTime		TextTime

		Mean		128.6842105263		117.5789473684

		Variance		1524.5614035088		444.9239766082

		Observations		19		19

		Pearson Correlation		0.2772032598

		Hypothesized Mean Difference		10

		df		18

		t Stat		0.1238627324

		P(T<=t) one-tail		0.451398315

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663

		t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056





		t-Test: Paired Two Sample for Means

				MapsErrors		TextErrors

		Mean		0.3684210526		0.3684210526

		Variance		0.4678362573		0.3567251462

		Observations		19		19

		Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		0

		df		18

		t Stat		0

		P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661
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Sheet1

		SubjID		NoColorTime1		NoColorErrors1		NoColorTime2		NoColorErrors2		ColorTime1		ColorErrors1		ColorTime2		ColorErrors2		MapsTime		MapsErrors		TextTime		TextErrors		Ratio M/T

		1		5		0		5		3		8		0		3		1		127		0		125		0		1.016

		2		18		0		15		0		7		0		3		0		131		1		130		0		1.0076923077

		3		6		0		12		0		6		0		5		1		108		0		95		1		1.1368421053

		4		5		0		9		0		7		0		5		0		111		0		111		0		1

		5		10		0		10		0		6		0		5		0		130		0		134		0		0.9701492537

		6		47		1		4		0		2		0		10		0		260		2		150		1		1.7333333333

		7		7		0		6		0		3		0		5		0		107		0		177		2		0.604519774

		8		7		0		3		0		8		0		11		1		112		0		117		0		0.9572649573

		9		6		0		5		0		11		0		5		0		187		2		102		0		1.8333333333

		10		6		0		5		0		6		0		5		0		112		0		122		0		0.9180327869

		11		5		0		7		0		6		0		4		0		107		0		87		1		1.2298850575

		12		19		1		4		0		4		0		5		1		170		1		110		0		1.5454545455

		13		9		0		13		1		3		0		7		0		1000		3		111		0		9.009009009

		14		51		2		10		0		5		0		7		0		130		1		116		0		1.1206896552

		15		13		0		5		0		5		0		10		1		106		0		111		0		0.954954955

		16		19		0		7		0		7		0		15		0		112		0		90		1		1.2444444444

		17		7		0		5		0		4		0		6		1		108		0		104		0		1.0384615385

		18		14		0		7		0		8		0		8		0		97		0		110		1		0.8818181818

		19		8		0		6		0		4		0		4		0		104		0		116		0		0.8965517241

		20		9		0		5		0		7		0		6		0		126		0		127		0		0.9921259843

		AVG		13.55		0.2		7.15		0.2		5.85		0		6.45		0.3		125.18		0.5		117.25		0.35		1.09

																				128.68								1.45





Sheet1 (2)

		SubjID		NoColorTime1		NoColorErrors1		NoColorTime2		NoColorErrors2		ColorTime1		ColorErrors1		ColorTime2		ColorErrors2		MapsTime		MapsErrors		TextTime		TextErrors

		1		5		0		5		3		8		0		3		1		127		0		125		0

		2		18		0		15		0		7		0		3		0		131		1		130		0

		3		6		0		12		0		6		0		5		1		108		0		95		1

		4		5		0		9		0		7		0		5		0		111		0		111		0

		5		10		0		10		0		6		0		5		0		130		0		134		0

		6		47		1		4		0		2		0		10		0		260		2		150		1

		7		7		0		6		0		3		0		5		0		107		0		177		2

		8		7		0		3		0		8		0		11		1		112		0		117		0

		9		6		0		5		0		11		0		5		0		187		2		102		0

		10		6		0		5		0		6		0		5		0		112		0		122		0

		11		5		0		7		0		6		0		4		0		107		0		87		1

		12		19		1		4		0		4		0		5		1		170		1		110		0

		14		51		2		10		0		5		0		7		0		130		1		116		0

		15		13		0		5		0		5		0		10		1		106		0		111		0

		16		19		0		7		0		7		0		15		0		112		0		90		1

		17		7		0		5		0		4		0		6		1		108		0		104		0

		18		14		0		7		0		8		0		8		0		97		0		110		1

		19		8		0		6		0		4		0		4		0		104		0		116		0

		20		9		0		5		0		7		0		6		0		126		0		127		0

		AVG		13.7894736842		0.2105263158		6.8421052632		0.1578947368		6		0		6.4210526316		0.3157894737		125.18		0.3684210526		117.5789473684		0.3684210526
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Sheet9

		t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means

				NoColorTime2		ColorTime2								NoColorErrors2		ColorErrors2

		Mean		7.15		6.45						Mean		0.2		0.3

		Variance		10.8710526316		9.1026315789						Variance		0.4842105263		0.2210526316

		Observations		20		20						Observations		20		20

		Pearson Correlation		-0.2663953207								Pearson Correlation		0.2895702534

		Hypothesized Mean Difference		1								Hypothesized Mean Difference		0.1

		df		19								df		19

		t Stat		-0.2668713639								t Stat		-1.2453996982

		P(T<=t) one-tail		0.3962216144								P(T<=t) one-tail		0.1140627817

		t Critical one-tail		1.729131327								t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.7924432289								P(T<=t) two-tail		0.2281255634

		t Critical two-tail		2.0930247047								t Critical two-tail		2.0930247047

		SD		3.2971279368		3.0170567742						SD		0.6958523739		0.470162346

		t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means

				MapsTime		TextTime								MapsErrors		TextErrors

		Mean		128.6842105263		117.5789473684						Mean		0.3684210526		0.3684210526

		Variance		1524.5614035088		444.9239766082						Variance		0.4678362573		0.3567251462

		Observations		19		19						Observations		19		19

		Pearson Correlation		0.2772032598								Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		10								Hypothesized Mean Difference		0

		df		18								df		18

		t Stat		0.1238627324								t Stat		0

		P(T<=t) one-tail		0.451398315								P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062								t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663								P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661								t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056						SD		0.6839855681		0.5972647204





Sheet10

		t-Test: Paired Two Sample for Means

				NoColorTime2		ColorTime2

		Mean		7.15		6.45

		Variance		10.8710526316		9.1026315789

		Observations		20		20

		Pearson Correlation		-0.2663953207

		Hypothesized Mean Difference		1

		df		19

		t Stat		-0.2668713639

		P(T<=t) one-tail		0.3962216144

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.7924432289

		t Critical two-tail		2.0930247047

		SD		3.2971279368		3.0170567742





		t-Test: Paired Two Sample for Means

				NoColorErrors2		ColorErrors2

		Mean		0.2		0.3

		Variance		0.4842105263		0.2210526316

		Observations		20		20

		Pearson Correlation		0.2895702534

		Hypothesized Mean Difference		0.1

		df		19

		t Stat		-1.2453996982

		P(T<=t) one-tail		0.1140627817

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.2281255634

		t Critical two-tail		2.0930247047

		SD		0.6958523739		0.470162346





		t-Test: Paired Two Sample for Means

				MapsTime		TextTime

		Mean		128.6842105263		117.5789473684

		Variance		1524.5614035088		444.9239766082

		Observations		19		19

		Pearson Correlation		0.2772032598

		Hypothesized Mean Difference		10

		df		18

		t Stat		0.1238627324

		P(T<=t) one-tail		0.451398315

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663

		t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056





		t-Test: Paired Two Sample for Means

				MapsErrors		TextErrors

		Mean		0.3684210526		0.3684210526

		Variance		0.4678362573		0.3567251462

		Observations		19		19

		Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		0

		df		18

		t Stat		0

		P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661
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Sheet1

		SubjID		NoColorTime1		NoColorErrors1		NoColorTime2		NoColorErrors2		ColorTime1		ColorErrors1		ColorTime2		ColorErrors2		MapsTime		MapsErrors		TextTime		TextErrors		Ratio M/T

		1		5		0		5		3		8		0		3		1		127		0		125		0		1.016

		2		18		0		15		0		7		0		3		0		131		1		130		0		1.0076923077

		3		6		0		12		0		6		0		5		1		108		0		95		1		1.1368421053

		4		5		0		9		0		7		0		5		0		111		0		111		0		1

		5		10		0		10		0		6		0		5		0		130		0		134		0		0.9701492537

		6		47		1		4		0		2		0		10		0		260		2		150		1		1.7333333333

		7		7		0		6		0		3		0		5		0		107		0		177		2		0.604519774

		8		7		0		3		0		8		0		11		1		112		0		117		0		0.9572649573

		9		6		0		5		0		11		0		5		0		187		2		102		0		1.8333333333

		10		6		0		5		0		6		0		5		0		112		0		122		0		0.9180327869

		11		5		0		7		0		6		0		4		0		107		0		87		1		1.2298850575

		12		19		1		4		0		4		0		5		1		170		1		110		0		1.5454545455

		13		9		0		13		1		3		0		7		0		1000		3		111		0		9.009009009

		14		51		2		10		0		5		0		7		0		130		1		116		0		1.1206896552

		15		13		0		5		0		5		0		10		1		106		0		111		0		0.954954955

		16		19		0		7		0		7		0		15		0		112		0		90		1		1.2444444444

		17		7		0		5		0		4		0		6		1		108		0		104		0		1.0384615385

		18		14		0		7		0		8		0		8		0		97		0		110		1		0.8818181818

		19		8		0		6		0		4		0		4		0		104		0		116		0		0.8965517241

		20		9		0		5		0		7		0		6		0		126		0		127		0		0.9921259843

		AVG		13.55		0.2		7.15		0.2		5.85		0		6.45		0.3		125.18		0.5		117.25		0.35		1.09

																				128.68								1.45





Sheet1 (2)

		SubjID		NoColorTime1		NoColorErrors1		NoColorTime2		NoColorErrors2		ColorTime1		ColorErrors1		ColorTime2		ColorErrors2		MapsTime		MapsErrors		TextTime		TextErrors

		1		5		0		5		3		8		0		3		1		127		0		125		0

		2		18		0		15		0		7		0		3		0		131		1		130		0

		3		6		0		12		0		6		0		5		1		108		0		95		1

		4		5		0		9		0		7		0		5		0		111		0		111		0

		5		10		0		10		0		6		0		5		0		130		0		134		0

		6		47		1		4		0		2		0		10		0		260		2		150		1

		7		7		0		6		0		3		0		5		0		107		0		177		2

		8		7		0		3		0		8		0		11		1		112		0		117		0

		9		6		0		5		0		11		0		5		0		187		2		102		0

		10		6		0		5		0		6		0		5		0		112		0		122		0

		11		5		0		7		0		6		0		4		0		107		0		87		1

		12		19		1		4		0		4		0		5		1		170		1		110		0

		14		51		2		10		0		5		0		7		0		130		1		116		0

		15		13		0		5		0		5		0		10		1		106		0		111		0

		16		19		0		7		0		7		0		15		0		112		0		90		1

		17		7		0		5		0		4		0		6		1		108		0		104		0

		18		14		0		7		0		8		0		8		0		97		0		110		1

		19		8		0		6		0		4		0		4		0		104		0		116		0

		20		9		0		5		0		7		0		6		0		126		0		127		0

		AVG		13.7894736842		0.2105263158		6.8421052632		0.1578947368		6		0		6.4210526316		0.3157894737		125.18		0.3684210526		117.5789473684		0.3684210526

																				128.68
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		t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means

				NoColorTime2		ColorTime2								NoColorErrors2		ColorErrors2

		Mean		7.15		6.45						Mean		0.2		0.3

		Variance		10.8710526316		9.1026315789						Variance		0.4842105263		0.2210526316

		Observations		20		20						Observations		20		20

		Pearson Correlation		-0.2663953207								Pearson Correlation		0.2895702534

		Hypothesized Mean Difference		1								Hypothesized Mean Difference		0.1

		df		19								df		19

		t Stat		-0.2668713639								t Stat		-1.2453996982

		P(T<=t) one-tail		0.3962216144								P(T<=t) one-tail		0.1140627817

		t Critical one-tail		1.729131327								t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.7924432289								P(T<=t) two-tail		0.2281255634

		t Critical two-tail		2.0930247047								t Critical two-tail		2.0930247047

		SD		3.2971279368		3.0170567742						SD		0.6958523739		0.470162346

		t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means

				MapsTime		TextTime								MapsErrors		TextErrors

		Mean		128.6842105263		117.5789473684						Mean		0.3684210526		0.3684210526

		Variance		1524.5614035088		444.9239766082						Variance		0.4678362573		0.3567251462

		Observations		19		19						Observations		19		19

		Pearson Correlation		0.2772032598								Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		10								Hypothesized Mean Difference		0

		df		18								df		18

		t Stat		0.1238627324								t Stat		0

		P(T<=t) one-tail		0.451398315								P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062								t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663								P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661								t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056						SD		0.6839855681		0.5972647204





Sheet10

		t-Test: Paired Two Sample for Means

				NoColorTime2		ColorTime2

		Mean		7.15		6.45

		Variance		10.8710526316		9.1026315789

		Observations		20		20

		Pearson Correlation		-0.2663953207

		Hypothesized Mean Difference		1

		df		19

		t Stat		-0.2668713639

		P(T<=t) one-tail		0.3962216144

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.7924432289

		t Critical two-tail		2.0930247047

		SD		3.2971279368		3.0170567742





		t-Test: Paired Two Sample for Means

				NoColorErrors2		ColorErrors2

		Mean		0.2		0.3

		Variance		0.4842105263		0.2210526316

		Observations		20		20

		Pearson Correlation		0.2895702534

		Hypothesized Mean Difference		0.1

		df		19

		t Stat		-1.2453996982

		P(T<=t) one-tail		0.1140627817

		t Critical one-tail		1.729131327

		P(T<=t) two-tail		0.2281255634

		t Critical two-tail		2.0930247047

		SD		0.6958523739		0.470162346





		t-Test: Paired Two Sample for Means

				MapsTime		TextTime

		Mean		128.6842105263		117.5789473684

		Variance		1524.5614035088		444.9239766082

		Observations		19		19

		Pearson Correlation		0.2772032598

		Hypothesized Mean Difference		10

		df		18

		t Stat		0.1238627324

		P(T<=t) one-tail		0.451398315

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		0.90279663

		t Critical two-tail		2.1009236661

		SD		39.0456323231		21.0932211056





		t-Test: Paired Two Sample for Means

				MapsErrors		TextErrors

		Mean		0.3684210526		0.3684210526

		Variance		0.4678362573		0.3567251462

		Observations		19		19

		Pearson Correlation		-0.078732271

		Hypothesized Mean Difference		0

		df		18

		t Stat		0

		P(T<=t) one-tail		0.5

		t Critical one-tail		1.734063062

		P(T<=t) two-tail		1

		t Critical two-tail		2.1009236661






