7 Evaluating the Interface

The previous chapters discussed the design and implementation ofthe CodaConsole interface as wellas the techniques employed byit. This chapter presents an evaluation of the usabilityofthat interface using a technique developed bythe human-computer interaction (HCI) community.

For the benefit ofthose readers not familiar with HCI evaluation techniques, I begin this chapter bybrieflysummarizing the range ofusabilityevaluation techniques available, focusing on the technique used in myevaluation. For further information on these and similar techniques, Nielsen [37] provides an excellent overview.

I then present the usabilitytest, detailing the goals, method, results, analysis, and findings ofthe study. The test considers two perspectives, that ofexpert Coda users and that of novice Coda users. Briefly, the goalofthe test was to determine the ease with which users were able to master the interface, their abilityto understand the feedback provided bythe interface, and their abilityto operate the interface.

After presenting the results ofthe usabilitytest, I then reflect on the usabilitytest itself, focusing on the lessons I learned about the process. I conclude the chapter with a summaryofthe main results.

7.1 HCI Evaluation Techniques

The HCI communityhas developed numerous evaluation methods. These range from simple (and quick) techniques like heuristic evaluation [36] and cognitive walkthroughs

[57] to ones that are more involved like usabilitytesting [10] and field trials. Heuristic evaluation aims to find usabilityproblems byhaving a smallset ofevaluators judge the interfaceś compliance with a set ofaccepted usabilityprinciples. Cognitive walk throughs judge the ease oflearning, particularlyexploratorylearning, ofan interface. Both ofthese methods are discount usabilityengineering methods 23 because theycan be performed in little time and at low cost [37] . Usability testing is an evaluation method whose goal is to discover usabilityproblems byobserving users interacting with the software. It requires a working interface (though that interface can be a mock-up) as wellas more time and money, but ofers more realistic and detailed data. Field trials evaluate software in ^the realworld~. Bythat, I mean the users are the actualpeople who use the software every

23 Nielsen categorizes heuristic evaluation as a discount usabilitymethod. Though he does not classify cognitive walkthroughs, this method also fits his definition.

dayand the tasks used in the evaluation are the actualtasks those people do during the period ofobservation. Field trials require significant amounts oftime and moneyas well as a production-qualitysystem, but ofer the most realistic data.

Usabilitytesting is, in some sense, a compromise between the discount usabilitymethods and field trials. It ofers significant advantages over discount methods, but at significantly lower cost than a field trial. Furthermore, it can be performed relativelyearlyin the life cycle ofthe software. For these reasons, I chose this method for myusabilityevaluation.

In the rest ofthis section, I discuss the purpose ofusabilitytests and describe two important issues to consider while designing such a test.

7.1.1 Purpose

The purpose ofa usabilitytest is to discover the most serious usability problems in a piece ofsoftware byobserving users interacting with it. The goal is neither to prove that the software is usable nor to obtain statisticallysignificant results. The goal is to discover usabilityproblems so that theycan be addressed and corrected. Thus, qualitative data, such as comments made byusers as theywork with an interface, are often as enlightening as quantitative data, such as the time it took themto complete a task. Data sources, then, include timings, responses to questions, counts ofthe number ofactions taken and even comments made about the interface.

7.1.2 Selecting Participants

In order for the results ofa usabilitytest to be meaningful, the participants need to be representative ofthe people who are expected to use the software. Figure 7 . 1 , often used byRandyPausch [40] , illustrates whythis is important. The pie chart on the left shows that the percentage ofallcomputer users who are computer scientists is extremelysmall 24 .

The fundamentalproblem is that the intuitions ofcomputer scientists do not necessarily applyto the other 99.99% ofcomputer users; in fact, those intuitions hinder their abilityto make systems usable to non˘computer scientists. Ifwe were to assume other computer scientists were representative ofallusers, the likelihood ofserious usabilityproblems would be high, even though we had performed usabilitytesting.

Byextension, this same argument also applies to developers ofa system. Because developers know more about the interfaceś domain than computer scientists in other areas, their intuitions do not necessarilyapplyto other computer scientists. Theysimply have too much domain knowledge. Thus, recruiting participants who are representative of the expected user population is a crucialpart ofusabilitytesting.

24 Not drawn to scale because if it were, ^our~ slice of the pie would not be visible.

UsabilityTest: Goals 97

All Computer Users

Computer Scientists

Coda Developers

Computer Scientists

Figure 7 . 1 : Computer Scientists are Special People

This figure illustrates that computer scientists represent a verysmall percentage of all computer users. It further illustrates that Coda developers represent a verysmall percentage of computer scientists. Coda developers have background knowledge not available to other computer scientists. Likewise, computer scientists have background knowledge that is not available to other computer users.

7.1.3 Selecting Tasks

A similar argument shows the importance ofpresenting representative tasks during a usabilitytest. The criticalobservation here is that usabilitytesting can onlydiscover problems in the areas ofthe interface under study, though problems maygeneralize to other areas ofthe interface that were not studied. Ifthe tasks presented to participants are not representative ofactualusage patterns, serious usabilityproblems maygo undetected untilthe interface is released for generaluse.

7.2 Usability Test: Goals

The first objective ofmyusabilitytest was to identifyareas ofthe interface and tutorial that were particularlyproblematic. Mygoalwas to create a list ofusabilityproblems, categorized bytheir severity [10] . The method with which I decided to identifythese problems was through observations ofpeople using the interface, and analysis ofthe qualitative and quantitative data collected during that observation.

The second objective ofmytest was to gauge whether or not the interface was meeting the learning and performance goals I had set. In particular, myusabilitytest focused on three major issues: the ease ofmastering the interface, users´ abilityto understand the feedback provided, and their abilityto operate the interface.

Ease of mastering the interface:

x Can users learn to use the interface in approximatelyone hour?

Ability to understand feedback:

x Can users understand problems indicated bythe interface?

x Can theydetermine what actions might resolve those problems, ifany?

Ability to operate:

x Are users able to define and hoard tasks?

x Are users able to provide advice to the system?

x Are users able to configure individualevents?

In answering these questions, mygoalwas to obtain an indication ofhow wellpeople with

backgrounds similar to those ofCoda users would be able to performactivities similar to

those required ofCoda users. Providing conclusive answers to these questions would

obviouslyrequire a studyofactualCoda users interacting with the production-quality

interface and is beyond the scope ofthis thesis.

7.3 Usability Test: Method

To answer these questions, I performed a usabilitytest 25 in which I observed a totalof14

people interacting with the interface. The first five participants were pilot users. The

interface, materials, and/or procedures used for these users difer somewhat fromthose

described in this chapter and contained in Appendix B. The remaining nine participants all

used the same interface, materials and procedures. In this section, I discuss the

demographics ofthe participants, the procedure used during the test, and the

measurements I made.

7.3.1 Participants

Because mygoalwas not to release Coda and this interface to the generalpublic, but

rather the more modest goalofmaking Coda more easilyaccessible to other computer

scientists, myuser population was other computer scientists. The users for mytest were

recruited fromamong computer science graduate students at Carnegie Mellon. Because,

at the time, Coda ran onlyon Unix-based operating systems, allparticipants were required

to have substantialUnix experience and, in fact, allused Unix systems on a dailybasis. In

addition, I screened users for their experience with the Andrew File System. All

participants were required to have substantialexperience with AFS, using it on a daily

basis. Allnovices and allbut one expert stored either their e-maildirectoryor their home

directoryin AFS. Because AFS is wellentrenched in the CMU community, this was an

25 This test was reviewed and approved bythe Carnegie Mellon UniversityProvost´s office in accordance

with the requirements of Public Law99-158 as implemented byPart 46 of Title 45 of the Code of Federal

Regulations and General Assurance No. M-1462-XM.

UsabilityTest: Method 99

easyrequirement to meet. I did not screen users based upon their HCI experience.

I initiallydefined a novice user as a person who knew nothing about Coda prior to

participating in the test. However, due to the dificultyof finding qualified users that met

this stringent requirement 26 , I was forced to relax it somewhat. The novice users knew

verylittle about Coda. Most ofthemknew that it was a file system, and that it was related

in some wayto AFS. None ofthemhad anydirect experience with Coda. I defined an

expert user as a person who had substantialexperience using Coda. Allofthe expert

users had Coda laptops and had operated disconnected for substantialperiods oftime over

a period ofat least a year.

Although I posted a request for participants for the test on both an electronic bulletin

board and on a department-wide, electronic chat system, most participants heard about the

test through word ofmouth. I recruited a totalof14 users to participate in the test,

ofering themCoda shirts for doing so. Allbut two ofthose users were computer science

graduate students. Ofthe two who were not graduate students, one (C1) was a faculty

member and one (S1) was a nontechnical member ofthe support stafwith some

undergraduate-levelcomputer science background. Neither ofthese users could be

considered either experts or novices. One pilot user (P5) and the three expert users (E1,

E2, and E3) had used Coda. No other user had done so. Three pilot novices (P2, P3, and

P4) had some HCI experience. Two novices (N1 and N2) and the facultymember (C1)

had extensive HCI experience. No other users had HCI experience. One user (T1) was

originallyconsidered a novice, but his data was eventuallythrown out because it became

clear, during the Tutorial, that he knew more about Coda than I had originallythought. 27

7.3.2 Treatment

I began each session ofthe experiment byasking the participant to sign a consent form.

Next, the participant filled out a briefbackground questionnaire, providing some basic

demographic information. Once that was completed, the experimenter demonstrated a

verbalprotocol 28 using a computer game (Klondike). The participant then played Othello

brieflyto practice thinking aloud. During this practice verbalprotocol, the experimenter

positivelyreinforced those comments (both positive and negative) made bythe user that

were specific in nature, and provided concrete examples ofpositive and/or negative

feedback ifnone were forthcoming. After a few minutes ofpractice, the participant began

a detailed, interactive tutorialofthe CodaConsole interface. The content ofthe Tutorial is

shown in Screens 1-62 ofAppendix B. This Tutorialwas expected to require

approximatelyone hour to complete. After a break, the participants performed a number

26 At least one Coda paper is nowcovered in a class required of all computer science graduate students.

27 The specific comments that led me to this conclusion are documented in Appendix C.

28 A verbal protocol is a technique used to understand what users are thinking and where users run into

problems as theywork with an interface. Users are simplyasked to think aloud as theywork. Although

this is awkward for users at first, it has been shown to be extremelyeffective once users become

accustomed to talking as theywork [11] . One participant commented to me that he continued talking

aloud for awhile after completing the test.

ofexercises ranging from identifying problems to preparing for a disconnected session.

These Exercises are contained in Screens 63-83 ofAppendix B. The Exercises were

grouped into three phases. During Phase One (Screens 65-74), the participant answered

basic questions about the state ofthe system. During Phase Two (Screens 75-80), he

defined and prioritized three tasks. During Phase Three (Screens 81-83), he reacted to

problems indicated bythe interface. The Exercises were also expected to require

approximatelyone hour to complete. After completing the Exercises, the participant

answered a briefsurveyevaluating the interface. Finally, the experimenter debriefed the

participant, allowing the participant the opportunityto ask questions. The materials used

in this test can be found in Appendix B. Both the Tutorialand Exercise segments ofthe

test were videotaped, and the audio fromallthree segments was also recorded.

7.3.3 Measurements

The first measurement I collected was the time (in seconds) required to teach users about

the details ofthe indicator light interface. I measured these times for each screen ofthe

on-line Tutorial. In addition, I measured some higher-leveltimes such as the time the user

spent learning about each indicator as wellas the time the user spent on the entire

Tutorial. Note that this is not quite the same as the sumofthe times ofthe specific

screens because those times do not account for the time necessaryfor the Tutorialto

trigger events or displaythe individualscreens.

The second measurement I collected was the time (in seconds) required for the user to

complete each exercise. I measured the time for each complete exercise, not at the

granularityofindividualquestions within an exercise. As with the Tutorialtimes above, I

also measured some higher-leveltimes such as the time needed for each ofthe three

phases as wellas the time spent on the entire Exercise session. Again, because ofthe time

needed to trigger events or displayindividualscreens, the summarytimes maynot equal

the sumofthe individualtimes.

The third measurement captured the userś abilityto use the interface to answer questions

or performsome action. In addition, it measured the userś abilityto describe a problem

that had been indicated through the interface, as wellas the steps necessaryto resolve it, if

appropriate. For this measure, I collected the userś response to each exercise. A

response could be a written answer to a question or a change to one ofthe configuration

files. I then scored the userś responses according to the keycontained in Appendix B.

The final measurement captured the userś eficiencyin answering the questions or

performing the required actions. For this measure, I counted the number ofsteps the user

took to complete each exercise. A step corresponds to double-clicking an indicator light,

clicking a button, or typing a pathname, as wellas similar activities. The baseline

measurement was that ofthe author performing the same actions. The specific actions

performed during the baseline measurement are contained as the Par Score ofAppendix B.

It is important to note that each par score is likelyto represent a lower bound on the

number ofsteps necessaryto answer the question because the author was not onlyan

expert using the interface, but also had foreknowledge ofthe expected answers to the exercises. Although an expert without foreknowledge ofthe exercises would have

provided a better standard ofcomparison, such an expert did not exist.

Allbut the first participant were videotaped during their sessions. The first participant,

P1, informallypiloted the Tutorialand Exercises. No video or audio recordings were

made because the experiment did not occur in the User Studies Lab. Fromthe transcripts

ofthe recorded sessions, I identified comments made byeach user. These comments are

recorded in Appendix E in two forms: a numerical listing bycomment identifier number

and a table summarizing which users made each comment during the three segments

(Tutorial, Exercises, Debriefing) ofthe test.

7.4 Usability Test: Results

Overall, the results ofthe usabilitytest were highlypositive. Novice Coda users were able

to use the systemalmost as wellas expert Coda users. Theylearned about Coda in

approximatelyone hour and theywere able to successfullycomplete exercises typicalof

those required ofusers ofthe new interface. In this section, I revisit the original

objectives ofthe test, examining whether or not users were able to master, understand,

and operate the interface.

7.4.1 Learnability

The first set ofquestions relates to the ease oflearning how to use the interface. The first

objective ofthe test was to determine whether or not users could learn to use Coda and

the interface in approximatelyone hour. Indeed, theycould. The expert and novice

participants in the test each took approximatelyone hour. The fastest user, N4, took just

under 42 minutes; the slowest, N2, took just under 63 minutes.

Another goalofthe usabilitytest was to identifyareas ofthe Tutorialthat users found

dificult. Allbut two screens that users found dificult were directlyrelated to one or

more usabilityproblems in the interface. Improving the Tutorial mayhave helped users,

but would not have fundamentallysolved the problem. The other two screens (those

numbered 23 and 28) were probablyfalselyidentified as dificult bylimitations in my

analysis. The analysis presented in Section 7.5.1 below examines this issue in detail.

In order to confirmthis result, I examined the qualitative data collected as part ofthe

questionnaire administered after completion ofthe Exercises (see Appendix B). From

these data, I learned that users felt the Tutorialwas basicallycomplete. On a scale ofone

to five (where 5 is ^verycomplete~)¸the Tutorialreceived a score of3.8. Four ofthe six

users commented that reintegration was not covered, though it was used during the

Exercises. This omission was a deliberate attempt to see how users would react to

^learning on the fly~. Based upon their reactions, it appears that theydid not appreciate

the experiment. Users thought the Tutorialwas easyto understand (4.2 out of5). Users

unanimouslyfelt that the Tutorialallowed themto grasp the scope ofthe interface.

Finally, five ofsix users felt it was presented at an appropriate levelofdetail. The sixth

user, an expert, felt there was too much detail, specificallytoo much Coda background.

Because the Tutorialwas written for a novice audience, this is not surprising.

Based upon the quantitative and qualitative data I collected, the Tutorialachieved its

objects ofteaching users about Coda and the interface in about an hour. Further, no

serious dificulties directlyattributable to the Tutorialwere uncovered.

7.4.2 Understandability

The second set ofquestions relates to the userś abilityto understand the information

presented bythe interface. Eighteen ofthe twentyfour exercises address this issue. These

exercises include most ofPhase One (those asking users to describe the current network

connectivity, to identifywhich tasks are currentlyhoarded, etc.) and allofthe exercises in

Phase Three (which asked users to explain events notified via the indicator lights).

Isolating the users´ scores on these exercises from Figure 7 . 2 , I find that users did

extremelywell. Allbut one user scored 97% correct or better, and that user scored 90%

correct. Furthermore, the data show that, with the exception ofjust one ofthese exercises

(SpaceStatus), no two users answered the same exercise incorrectly . These users

convincinglydemonstrated their understanding ofthe information presented bythe

interface and ofwhat, ifany, actions might resolve those problems.

Further, these users silenced anyconcerns over whether or not users could understand the

feedback provided during event notifications. Phase Three ofthe Exercises triggered 12

diferent events. For each event, users were asked to fillout an ^incident report~,

consisting ofthe urgencyofthe event, a description ofthe problem, and a description of

anyactions that might resolve the problem. The six expert and novice users filled out 71

incident reports describing these events˙one user failed to report an event that

transitioned froma ^bad~ state to a ^good~ state. Ofthese 71 incident reports, onlythree

contained incorrect information. Users clearlyunderstood the error conditions and what,

ifany, steps were possible to resolve those problems.

7.4.3 Operability

The third set ofquestions relates to the userś abilityto operate the interface. Eight

exercises address this issue. These exercises include three fromPhase One (which

involved configuring events and providing advice, and which were excluded fromthe

discussion above) and allofPhase Two (which involved defining and prioritizing tasks).

Although users scored wellon these exercises, their scores declined somewhat (see Figure

7 . 2 ). Five ofsix users scored 90% or better, and the sixth user scored 84%. Furthermore,

the data show that, with the exception oftwo ofthese exercises

(ProvideHoardWalkAdvice and DefineBugsTasks), no two users answered the same

exercise incorrectly. Although these scores are veryencouraging, users clearlyhad more

dificultyoperating the interface than theydid understanding the feedback it provided.

Novice Users Expert Users Overall

Problem Identifier Pts 1 2 4 Avg 1 2 3 Avg Avg StdDev

Describe current network conditions 3 3 3 3 3.0 3 3 3 3.0 3.0 0

Describe ^Tasks unavailable~ event & configuration 6 5 6 6 5.7 6 6 6 6.0 5.8 0.4

Fix configuration for this event 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Determine token expiration time 1 1 1 1 1.0 1 1 1 1.0 1.0 0

Describe hoarding details 12 12 12 12 12.0 12 12 12 12.0 12.0 0

Provide hoard walk advice 2 2 1 0* 1.0 1 1 1 1.0 1.0 0.6

Describe current space status 3 2 3 3 2.7 1 2 3 2.0 2.3 0.8

Describe ^Weakly Connected Cache Miss~ event &

^Disconnected Cache Miss~ event

8 6 8 8 7.3 8 8 8 8.0 7.7 0.8

Fix configuration for above events 4 4 4 4 4.0 4 4 4 4.0 4.0 0

Define ^Fixing Bugs~ task 9 7 8 7 7.3 9 8 7 8.0 7.7 0.8

Define ^Header Files~ task 5 5 5 5 5.0 5 5 5 5.0 5.0 0

Define ^CV~ task 6 5 6 6 5.7 6 6 6 6.0 5.8 0.4

Prioritize newly defined tasks 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Request immediate hoard walk 1 1 1 0* 0.7 1 1 1 1.0 0.8 0.4

Describe ^Filling RVM~ problem 3 3 3 3 3.0 3 3 3 3.0 3.0 0

Describe ^Fixed RVM~ problem 2 Ø 2 2 1.3 2 2 2 2.0 1.7 0.8

Describe ^Task Unavailable~ problem 3 3 3 3 3.0 3 3 3 3.0 3.0 0

Describe ^Hoard Walk Begin~ event 2 2 2 1 1.7 2 2 2 2.0 1.8 0.4

Describe ^Hoard Walk End/Task Available~ event 2 2 2 2 2.0 2 2 1 1.7 1.8 0.4

Describe ^Operating Weakly Connected~ problem 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Describe ^Weak Miss~ event 2 2 1 2 1.7 2 2 2 2.0 1.8 0.4

Describe ^Operating Disconnected~ problem 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Describe ^Disconnected Cache Miss~ event 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Describe ^Operating Strongly Connected~ problem 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Describe ^Tokens Expiry Event~ 3 3 3 3 3.0 3 3 3 3.0 3.0 0

Describe ^Reintegration Pending Tokens~ event 3 3 3 3 3.0 3 3 3 3.0 3.0 0

Total Points 92 83 89 86 86.0 89 89 88 88.7 87.3 2.4

Percentage Correct 100 90 97 93 93.3 97 97 96 96.7 95.0 2.9

Figure 7 . 2 : Correctness Ratings

This table shows the score each user received on each of the exercises as well as their

total and percent correct. The emptyset notation (Ø) indicates the user did not perform

this exercise. User N4 explained preciselywhich files she would have requested to have

fetched during the ^Provide hoard walk advice~ exercises; unfortunately, she failed to

actuallyselect those objects to be fetched in the interface. Had she completed the

exercise as she described, her score would have been a 1. Because of her failure to

complete this exercise, she was also unable to complete the ^Request immediate hoard

walk~ exercise˙though she did the most reasonable thing given the situation.

A diferent metric, which also gauges the userś abilityto operate the interface, compares

the number ofactions users need to performeach exercise with the number needed byan

expert. Figure 7 . 3 shows this data. In general, users need approximatelytwice as many

actions as a user who is experienced with the interface and who has foreknowledge ofthe

expected answers. Users clearlyfound the hoard walk advice and task definition aspects

ofthe interface more challenging than other aspects ofthe interface. This trend is not

surprising because these aspects ofthe interface require more problemsolving. One

interesting observation is that expert users required 30 steps more than novice users, on

average. Largely, this appears to have been the result oftwo anomalous data points (E1ś

performance on defining the ^Fixing Bugs~ task and E3ś performance on defining

^Header Files~ task). This observation should not be taken as an indication that expert

users experienced more dificultythan novice users.

The test set out to answer three specific questions related to operability. I wanted to learn

whether or not users could define and hoard tasks, provide advice to the system, and

configure individualevents. Users were largelyable to define and hoard three realistic

tasks (see Figure 7 . 2 ). The most disturbing trend I observed was the high number ofusers

who failed to hoard the compress

-related programs. Users were able to provide advice

to the system, both with respect to weaklyconnected demand fetches and with respect to

hoard walks. Users were also able to configure events, largelywithout dificulty. The

problems users experienced are discussed in detailin the next section.

7.5 Usability Test: Analysis

As the previous section documents, the participants successfullymet allofthe objectives

set forth for the test. As with anyuser interface, however, there is always roomfor

improvement. One ofthe important goals ofthe test was to identifyareas ofthe interface

on which to concentrate our future eforts. Because users performed so well, I had to

examine the data more closelyto identifythese areas.

This section presents this analysis in detail. The analysis is based upon the data collected

during the course ofthe test. The raw data is contained in Appendices C and D. The

details ofthe analysis are contained in Appendix E. The results ofthis analysis, the

findings, are contained in Appendix F and summarized in Figure 7 . 4 .

These findings are categorized bytheir scope and severity [10] . The scope indicates how

widespread a problem is. A problemwith local scope is limited to a single window

whereas a problemwith global scope applies to multiple windows. A problemwith global

scope is generallyconsidered more criticalthan one with localscope. The severityofa

problem indicates how criticalthe problem is. Dumas and Redish define four diferent

severitylevels. A problemwith severitylevel1 prevents the completion ofa task. One

with severitylevel2 causes users significant delayor frustration. One with severitylevel3

presents onlya minor efect to usability. One with severitylevel4 represents a more

subtle problemand maypoint to potentialenhancements to the interface.

Novice Users Expert Users Overall

Problem Identifier Par 1 2 4 Avg 1 2 3 Avg Avg StdDev

Describe current network conditions 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Describe ^Task Unavailable~ event & configuration 3 5 3 6 4.7 6 3 3 4.0 4.3 1.5

Fix configuration for this event 4 3 4 3 3.3 4 4 4 4.0 3.7 0.5

Determine token expiration time 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Describe hoarding details 4 6 2 * 4 4.0 6 4 3 4.3 4.2 1.6

Provide hoard walk advice 10 35 * 46 31 37.3 20 36 26 27.3 32.3 9.0

Describe current space status 2 2 2 2 2.0 2 2 2 2.0 2.0 0

Describe ^Weakly Connected Cache Miss~ event &

^Disconnected Cache Miss~ event

3 7 5 3 5.0 3 3 15 7.0 6.0 4.7

Fix configuration for above events 8 12 * 9 8 9.7 9 17 8 11.3 10.5 3.5

Define ^Fixing Bugs~ task 36 62 47 40 49.7 96 44 58 66.0 57.8 20.5

Define ^Header Files~ task 16 26 26 25 25.7 47 37 100 61.3 43.5 29.0

Define ^CV~ task 21 73 46 47 55.3 57 31 37 41.7 48.5 15.0

Prioritize newly defined tasks 14 5 * 33 * 38 25.3 27 24 37 29.3 27.3 12.2

Request immediate hoard walk 3 3 3 7 4.3 3 5 7 5.0 4.7 2.0

Describe ^Filling RVM~ problem 2 3 6 6 5.0 4 6 6 5.3 5.2 1.3

Describe ^Fixed RVM~ problem 0 Ø 0 0 0 0 2 2 1.3 0.8 1.1

Describe ^Task Unavailable~ problem 3 7 10 5 7.3 7 2 3 4.0 5.7 2.9

Describe ^Hoard Walk Begin~ event 0 1 0 0 0.3 0 0 1 0.3 0.3 0.5

Describe ^Hoard Walk End/Task Available~ event 0 3 5 8 5.3 7 4 4 5.0 5.2 1.9

Describe ^Operating Weakly Connected~ problem 2 2 4 2 2.7 3 1 6 3.3 3.0 1.8

Describe ^Weak Miss~ event 1 3 3 2 2.7 3 1 2 2.0 2.3 0.8

Describe ^Operating Disconnected~ problem 1 5 4 3 4.0 0 * 0 7 2.3 3.2 2.8

Describe ^Disconnected Cache Miss~ event 2 2 2 2 2.0 2 4 2 2.7 2.3 0.8

Describe ^Operating Strongly Connected~ problem 0 2 0 2 1.3 2 1 0 1.0 1.2 1.0

Describe ^Tokens Expiry Event~ 0 1 3 2 2.0 2 3 2 2.3 2.2 0.8

Describe ^Reintegration Pending Tokens~ event 4 1 2 10 4.3 4 2 4 3.3 3.8 3.3

Total 143 273 269 260 267 318 240 343 300 284 39

Efficiency (Score/Par) 1.0 1.9 1.9 1.8 1.9 2.2 1.7 2.4 2.1 2.0 0.3

Figure 7 . 3 : Efficiency Ratings

This table shows the number of steps each user took to perform each of these required tasks. The empty set notation

(Ø) indicates that the user did not perform the task. Numbers which are underlined represent exercises for which this

user was more efficient than the interface expert. Numbers marked with an asterisk are explained in the paragraph

below.

User N1 requested significantly less data be fetched during the ^Provide Hoard Walk Advice~ exercise though he

required more steps to provide that advice. User N1 hit certain buttons multiple times in a row (as many as eight).

Consecutive events such as this are counted as two actions for the purposes of measuring the user´s efficiency.

Primarily this affects the two ^event configuration~ exercises and the three ^task definition~ exercises. User N1

prioritized tasks as he defined them so his efficiency on the ^Prioritize newly defined tasks~ exercise is artificially

low. User N2 has an artificially high rating on this same task because he went back to reorganize the ^Define

`Header Files´ Task~ while performing this task. User N2 has an artificially low efficiency score for the ^Describe

hoarding details~ exercises because he resized the window and avoided scrolling. User E1 already had the

^Network Information~ window visible when he performed the ^Describe `Operating Disconnected´ problem~

exercise.

ID Description Scope Severity Page

1 Users confused byevent notification Global 1 414

2 Some help windows aren´t helpful Local 1 414

3 Users fail to include needed programs in definition Local 1 415

4 Event Configuration Tab of Control Panel layout inappropriate to task Local 1 415

5 Certain characters, if used in task names, can crash the interface Local 1 415

6 Password visible on the Authentication Information window Local 1 416

7 Users do not recognize the hoard walk advice request as a request for advice Local 1 416

8 User does not recognize that the Hoard Walk Advice offers more details Local 1 416

9 Indicator changes to Normal urgencylevel before appropriate to do so Local 1 417

10 Users unsure whether hoard walk is proceeding during request for advice Local 1 417

11 User prioritized tasks inappropriately Local 1 417

12 Users want undo facility Global 2 418

13 Users find the behavior of ^Save~ and ^Commit~ confusing Global 2 418

14 Users are frustrated bythe placement of windows on the screen Global 2 419

15 Interface loses definitions under certain conditions Global 2 419

16 Users experienced difficultywhile prioritizing tasks Local 2 419

17 Users have difficultyentering data into ^Data Definition~ window Local 2 420

18 Interface loses pathnames Local 2 420

19 Users experience difficultyfinding an element in predefined list Local 2 421

20 User has difficultyunselecting element from the contains list Local 2 421

21 Submitting a password takes excessivelylong Local 2 421

22 User believes colors mean too manydifferent things Global 3 422

23 Interface offers no feedback to indicate a window is alreadyvisible Global 3 422

24 Windows do not resize gracefully Global 3 422

25 Users confused when help windows grab and maintain focus Global 3 422

26 Users confused that changing name and saving creates a new definition Global 3 423

27 Users dislike pathnames entry Global 3 423

28 Hoard Walk and Advice indicators confused Global 3 423

29 Hoard Walk and Task indicators confused Global 3 423

30 User experiences window overload Global 3 424

31 Interface mixes upper- and lower-case letters Global 3 424

32 User confused byterminology Global 3 424

33 Meters shown at 1% have no visible color Global 3 425

34 <Enter> does not make the help window disappear Global 3 425

35 Numbers are sometimes unreadable on meters Global 3 425

36 Users confused byaddition of emptyentrywidget Global 3 425

37 User surprised indicator lights are dynamic Local 3 426

38 User confused bythe behavior of the Hoard Walk indicator Local 3 426

39 Users confused bytwo-color blinking Local 3 426

40 Users somewhat confused because the indicator stops blinking Local 3 427

41 User disagrees with default notification for certain events Local 3 427

42 Users search for a wayto configure events Local 3 427

43 Users unsure how an event will be notified Local 3 428

44 User assumes system uses a 24-hour clock Local 3 428

45 Users confused bythe meters in the ^Space Information~ window Local 3 428

(continued on next page)

(continued from previous page)

46 User confused by^questionnaire alreadyrunning~ dialog Local 3 429

47 The Tix tree widget requires three clicks to expanding/contracting nodes Local 3 429

48 User dislikes having fetch estimates expressed in seconds Local 3 429

49 User confused by^unselect~ dialog Local 3 429

50 Task definitions unnatural Local 3 430

51 Users confused bythe cache meter in the ^Task Information~ window Local 3 430

52 Newlyhoarded task maynot be visible in list of hoarded tasks Local 3 430

53 Users confused bythe task meters Local 3 430

54 User finds it strange that a single click selects an item for the contains list Local 3 431

55 Interface double-selected elements under certain circumstances Local 3 431

56 Extraneous underlining appears in lists of the ^Task Definition~ window Local 3 431

57 Priorities need to be labeled Local 3 431

58 Meter mayhide long task names Local 3 431

59 User types a pathname into the name of a program definition Local 3 432

60 User doesn´t believe system verifies existence of executable programs Local 3 432

61 Meters do not cover orders of magnitude or relative information verywell Global 4 432

62 User requests balloon help Global 4 433

63 User believes task interface to be overlycomplicated Global 4 433

64 Interface is cognizant of vertical screen real estate, but not horizontal Local 4 433

65 Users would like help on the indicator lights window Local 4 434

66 User concerned about missing an event notification Local 4 434

67 User would like feedback regarding the ^health~ of Venus Local 4 434

68 User would like different configuration settings Local 4 434

69 User would like a set of system defaults Local 4 435

70 User wants to modifyall event notifications at once Local 4 435

71 User would like to be able to stop long transfers over weak networks Local 4 435

72 User would like a count-down timer on advice requests Local 4 435

73 User wants expert help for Space problems Local 4 436

74 The Network help screen should explain whythe network is degraded Local 4 436

75 User wants the Task help screen to explain whya task is unavailable Local 4 436

76 System should predict if hoarding a task would cause space problems Local 4 436

77 User would like a tree view of tasks Local 4 437

78 The ^Data Definition~ window should indicate the size of subtrees Local 4 437

79 User wants more from program definitions Local 4 437

80 User expects interface to track and automaticallyhoard missing objects Local 4 438

81 Bogus fetch statistics confuse user Local 4 438

82 Users confused when a file becomes unavailable Local 4 438

83 User uncertain whether or not a program is available Local 4 438

84 Users express concern over difficultyknowing what data is required Local 4 439

85 User would like a graphical representation of what is in the cache Local 4 439

86 User would like a visual representation of Venus´ on-going activities Local 4 439

87 Users mayfeel limited byconstraint that onlytasks can be hoarded Local 4 440

Figure 7 . 4 : Summary of Findings

This table summarizes the findings that appear in Appendix F. For each, I give the

finding identifier number, a brief description of the finding, and the page number of

Appendix F on which the complete description can be found.

This section begins bypresenting the analysis ofquantitative data collected during the

Tutorialand the Exercises fromthe six expert and novice users. It then presents a

summaryofthe qualitative data collected froma questionnaire administered immediately

after these participants completed the Exercises. It continues bypresenting an analysis of

the comments elicited fromusers during the course ofthe test. The analysis ofthe

comments includes data fromallparticipants, including the expert, novice, pilot, and

miscellaneous users.

7.5.1 Tutorial

In this first section, I use the timings collected as the expert and novice users learned

about the interface to identifyindividualscreens ofthe Tutorialthat caused these users

dificulty. I then reanalyze the data, isolating novice data fromexpert data to identify

screens that presented dificulties to onlyone ofthe two groups.

7.5.1.1 Identifying Difficulty Screens

To identifydificult screens, I use a simple heuristic. I begin bycalculating each userś

reading rate on each screen ofthe Tutorial. I then calculate each userś average reading

rate on this materialas wellas the standard deviation. I hypothesize that the distribution

ofeach userś individualscreen reading rates is approximatelynormal, making the average

and standard deviation both meaningful metrics. The heuristic then defines a difficult

screen for a particular user to be one for which that userś reading rate on that screen is

more than one standard deviation below that userś average reading rate. A very difficult

screen is more than two standard deviations below the userś average. I define easy and

very easy in a similar manner. Byexamining the number ofusers who found each screen

veryeasy, easy, neutral, dificult, or verydificult, I can estimate the dificultyofeach

screen ofthe Tutorial.

The keyto this metric is calculating a userś reading rate on each screen ofthe Tutorial,

given the following pieces ofinformation:

x Dwell time ˙the time a user spent on the screen

x Word count ˙the number ofwords users were required to read

x Operator count ˙the number ofoperations (e.g., pointing the mouse, clicking a

button, or typing a pathname) required to complete the screen

The operator count is derived froma Keystroke-LevelModel [7] ofeach screen ofthe

Tutorial(see Appendix E). The reading rate is calculated bythe following equation:

¦

�

�

operators k k k T N DwellTime

WordCount e ReadingRat

*

Basically, the time spent reading is calculated bysubtracting the time spent performing

actions fromthe time spent on the screen.

Figure 7.5 (a) shows the range ofreading rates observed over each screen ofthe Tutorial.

The reading rates generallyfall in the range of100-300 words per minute. Given the

educationalbackground ofthe participants, I would expect their mean reading rate to be

about 275 wpmfor nontechnicaltopics [6] . The figure shows that our participants fall

wellbelow this expected rate on a number ofscreens˙an indication that theywere

experiencing dificultyunderstanding the content ofthose screens. Perhaps the most

striking observation is the number ofextremelyhigh reading rates observed on a few of

the screens, some ofwhich exceed 1000 wpm! The highest reasonable reading rate is

about 650 wpm [7] so users who exceed this rate probablydid not read everyword on

that particular screen. For this reason, I threw out anyreading rates exceeding 650 wpm

(a totalofseven fromfour diferent users: N4, E1, E2 and E3). Figure 7.5 (b) shows the

data reanalyzed.

Using these data, I calculated the average reading rates over allscreens ofthe Tutorialas

wellas the standard deviations for each ofthe expert and novice users. For each screen

and each user, the heuristic identifies whether the given user found the particular screen

veryeasy, easy, dificult, verydificult, or neither easynor dificult. Figure 7 . 6 shows the

Tutorialscreen analysis visually.

7.5.1.2 Examining Difficult Screens

Although I willnot present everypiece ofevidence this analysis uncovered, I would like to

highlight some ofthe more compelling ones. The analysis identified two screens (those

numbered 27 and 59) that were dificult for five out ofsix ofour novice and expert users!

It also identified five screens (those numbered 22, 23, 28, 34 and 49) that were dificult for

at least three users. In the paragraphs that follow, I willdiscuss each ofthese seven

screens. The first one willbe presented in detailand the remaining ones willbe

summarized (the complete information for allofthemis available in the Appendices).

Screen 27 was identified as dificult for five out ofthe six novice and expert users! As

reproduced in Figure 7 . 7 , Screen 27 ofAppendix B presents the wayin which meta-

information can be entered into the Data Definition window. This evidence, combined

with numerous other pieces ofevidence gleaned fromother segments ofthe test, resulted

in Finding 17. The detailed report ofthis finding appears in Appendix F, but is reproduced

as Figure 7.8 for convenience. Each finding ofAppendix F contains four sections: a brief

description, a listing ofevidence, a detailed explanation, and recommendations for

addressing the problem. The evidence for the problems comes fromfive sources:

violations ofknown heuristics, results fromthe Tutorialor Exercises, comments made on

the Evaluation Questionnaire administered at the end ofthe test, and comments made

spontaneouslyduring the course ofthe test. A briefdescription ofeach piece ofevidence

is available in Appendix E. For this finding, everysegment ofthe test contributed one or

more pieces ofevidence. The finding that resulted fromthe Tutorial,

110 Evaluating the Interface

0

200

400

600

800

1000

1200

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

Screen ID

Reading Rate (wpm)

(a) Reading Rates (original analysis)

0

200

400

600

800

1000

1200

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

Screen ID

(b) Reading Rates (sans skimming)

Figure 7 . 5 : Range of Reading Rates

This graph shows the range of reading rates observed from the six novice and expert

users. Each screen of the Tutorial is shown along the X-axis (Screen ID numbers

correspond to those shown in Appendix B). The reading rate, in words per minute, is

shown along the Y-axis. The thin bar shown for each screen represents the full range of

reading rates; the thick bar represents the range after excluding both the fastest and

slowest reader. Note that the initial screen (Screen 1) was not timed and that two users

both read Screen 60 at the same, veryhigh, rate. View(a) shows the range of reading

rates from an initial analysis. View(b) shows the range after throwing out those data

resulting from users skimming (rate > 650 wpm) the given screen.

UsabilityTest: Analysis 111

-6

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

Screen ID

Number of Users

More Difficult

Less

> 1 stddev

> 2

Figure 7 . 6 : Screen Difficulty

This chart shows estimates of the difficultyof each screen of the Tutorial. The numbers

on the X-axis represent Screen ID numbers and correspond to the numbered screens of

Appendix B. The Y-axis shows the number of users. Each bar represents the number of

novice and expert users who found the given screen easyor difficult (depending upon

whether the bar appears above or belowthe X-axis). Each of the graybars represent the

number of users whose reading rate on the given screen was greater or less than one

standard deviation above or belowtheir average reading rate. Each black line represents

the number of users above or belowtwo standard deviations. Screens without bars were

neither easynor difficult for these users.

Figure 7 . 7 : Screen 27

This figure shows the content of Screen 27 of the Tutorial. It is a duplicate of Screen 27

shown in Appendix B, and is reproduced here for convenience.