Tracking the Effectiveness ofUsability Evaluation MethodsBonnie E. John & Steven J. Marks*12 August 1996 CMU-HCII-96-102School of Computer ScienceCarnegie Mellon UniversityPittsburgh, PA 15213*Standard Microsystems CorporationIrvine, CA 92718Also appears as Computer Science Technical ReportCMU-CS-96-160Work on this paper by Bonnie John was supported by the Advanced Research ProjectsAgency, DoD, and monitored by the Office of Naval Research under contract N00014-93-1-0934. The views and conclusions contained in this document are those of the author andshould not be interpreted as representing the official policies, either expressed or implied,of the Office of Naval Research, NCCOSC, the Advanced Research Projects Agency, orthe U. S. Government.Bonnie John is associated with the Human-Computer Interaction Institute and theDepartments of Computer Science and Psychology at Carnegie Mellon University.

Keywords: usability evaluation methods, Claims Analysis, Cognitive Walkthrough,GOMS, Heuristic Evaluation, User Action Notation, usability engineering

John & Marks p. 1Tracking the Effectiveness of Usability Evaluation Methods

AbstractWe present a case study that tracks usability problems predicted with six usabilityevaluation methods (Claims Analysis, Cognitive Walkthrough, GOMS, HeuristicEvaluation, User Action Notation, and simply reading the specification) through adevelopment process. We assess the methods’ predictive power by comparing thepredictions to the results of user tests. We assess the methods’ persuasive power by seeinghow many problems led to changes in the implemented code. We assess design-changeeffectiveness by user testing the resulting new versions of the system. We conclude thatpredictive methods are not as effective as the HCI field would like and discuss directionsfor future research.

1. IntroductionUsability evaluation methods (UEMs) have been developed that can be used at thespecification stage of design (e.g., John & Kieras, in press; Nielsen & Mack, 1994). Asthese techniques proliferate, developers want to know which they should use for theirparticular design situations, instructors want to know which they should teach to theirstudents, and researchers want to know which methods need further development andwhere their research efforts could have the most effect.To these ends, most empirical work to date has focused on assessing the predictive powerof UEMs. That is, does a UEM predict usability problems that users actually encounter?Some techniques have been extensively tested in the laboratory and the field (e.g., GOMS,John & Kieras, in press); others have yet to be systematically evaluated. There have been afew attempts to compare the predictive power of different UEMs with experiments (butmethodological flaws make their conclusions suspect, Gray & Salzman, 1996). Casestudies also provide information about the predictive power of techniques in specificcircumstances (e.g., John & Mashyna, in press; John & Packer, 1995).Although predictive power is an important aspect of UEMs, there are other aspects thatcontribute to their effectiveness in a development process. A UEM must express problems,and the evidence for them, in ways that motivate developers to change the code. A UEMshould also lead to design changes that actually fix the problem. For most UEMs,research has not produced any measures of these other aspects of effectiveness. Thepurpose of this paper is to present some results for these other dimensions and examineimplications for future UEM research.1.1. An Effectiveness TreeFigure 1 shows an effectiveness tree for predicted usability problems1. Any usabilityproblem predicted before a system is built can either occur to users of that system or not(observed or not observed). This measure is the predictive power. Typically, thisinformation is not known in a normal development process, but has been studied by HCIresearchers as discussed above.

1 The effectiveness tree was introduced in an unpublished senior thesis (Marks, 1996).

John & Marks p. 2Tracking the Effectiveness of Usability Evaluation MethodsSame Problems

More Problems

PredictivePowerPersuasivePowerDesign-ChangeEffectivenesso1 - Effective changeo2 - Wasted efforto3 - Costly in effort and qualityo4 - Missed opportunity

o5 - Wasted efforto6 - Costly in effort and qualityo7 - Wasted effortPredicted Usability Problem

Not ObservedObserved

Changed

Not Changed

Not ChangedFewer Problems

Same ProblemsFigure 1. An effectiveness tree.Any predicted usability problem can either motivate the development team to change thecode or not (changed or not changed).2 This motivation could have many causes. Forinstance, a UEM may have demonstrated a high predictive power for similar products andthe development team may have come to believe its predictions. Even without a successfulhistory, a UEM may provide evidence for the problem in a form that capitalizes ondevelopers’ knowledge and process, making it easy to incorporate. We call this measurepersuasive power. Other factors besides the persuasiveness of the UEM come into play atthis time, e.g., how difficult it is to change the system, release deadlines, and availablestaff. However, without some degree of persuasiveness, development teams will neverexpend any effort to change a system they had considered good enough to specify in thefirst place.

2 The lines from Observed/Not Observed to Changed/Not Changed in the effectiveness tree have noarrowheads, indicating that they are not causally connected. In the normal development process, thedevelopment team does not implement an original specification and observe real-world use before decidingto make a change to the original specification. It bases that decision on the evidence provided by a UEMalone.

John & Marks p. 3Tracking the Effectiveness of Usability Evaluation MethodsAfter deciding to change the system, the development team must decide exactly whatchanges to make. Some UEMs make design suggestions; some simply identify theproblem leaving development teams to conceive of the change. If a UEM suggests achange, the development team decides to adopt it or think of something else. Ultimately,the implemented change may reduce the number of problems users experience, leaveperformance the same, or introduce more problems than before. We call this measuredesign-change effectiveness.The most desirable outcome is the top path through this tree (outcome o1). A predictedusability problem would actually be observed in real-world use if not fixed, it providesmotivation for the development team to change the code, and the change they implementactually fixes the problem. Disastrous outcomes are o3 and o6, where a predicted usabilityproblem persuades the development team to make a change, but the change introducesusability problems that result in worse performance. This is particularly egregious for o6,where there was no observable problem in the original system. These outcomes take timeand effort and result in an inferior product. The other outcomes may be considered lesssevere. O4 is a missed opportunity to improve the system. O2, o5 and o7 are simplywasted effort.In the remainder of this paper, we will demonstrate the use of an effectiveness tree bytracking 54 usability problems, predicted with several different UEMs, through adevelopment process. Section 2 presents how predicted usability problems weregenerated. Section 3 shows how these problems were addressed by development. Section4 describes our usability tests. Section 5 gives the procedure for tracking the predictedproblems. Finally, we present the results, argue for and against their generality, anddiscuss their implications for future HCI research.

2. Predicting Usability Problems32.1. ParticipantsSix analysts participated in this study. Each analyst chose a UEM based on an introductorylecture on evaluation methods (Butler, Jacob & John, 1994), learned it from the literature,and used it to evaluate a specification of a multi-media authoring tool called theVolumeViewBuilder (henceforth, Builder). The analysts received course credit forparticipating in this case study.The analyst using Claims Analysis (CA) had a bachelor’s degree in electrical engineeringand fine art. He was skilled in six programming languages, had commercial experience asa programmer and was an engineering doctoral student at Carnegie Mellon University. Theanalyst using Cognitive Walkthrough (CW) had a masters in computer science, was skilledin two programming languages, had commercial experience as a programmer, and was astaff programmer in the CS department . The analyst using GOMS had a masters inarchitecture, was skilled in three programming languages, had commercial experience as aprogrammer, and was a doctoral student in architecture. The analyst using HeuristicEvaluation (HE) had a masters in English, was skilled in two programming languages, had

3 More details about this analysis situation can be found in John & Packer, 1995 and John & Machyna, inpress. Those papers report data from the CW analyst’s diary only, but the analysis situation is the same.

John & Marks p. 4Tracking the Effectiveness of Usability Evaluation Methodsno commercial experience in software development, and was a doctoral student in rhetoric.The analyst using User Action Notation (UAN) had a bachelors in CS, was skilled in threeprogramming languages, had commercial experience as a programmer, had taken anundergraduate HCI course and had corporate training in how to use guidelines, and was amasters student in software engineering. The analyst who used a baseline condition, justreading the specification repeatedly, was skilled in one programming language, was a third-year undergraduate CS major, had no commercial experience, and had recently taken anundergraduate HCI course.2.2. Materials and ProcedureThe analysts were given two documents with which to do their analyses: the 35-page userinterface specification of the ACSE multimedia authoring system, Figure 2, (Gallagher &Meter, 1993) and a 55-page target multimedia document (Pane, Corbett & John, 1996).They were also given two forms to fill out as they did their analyses: a diary form (adaptedfrom Rieman, 1993) and a problem description report (PDR, adapted from Jeffries, Miller,Wharton & Uyeda, 1991).

John & Marks p. 5Tracking the Effectiveness of Usability Evaluation MethodsThe analysts worked on their own for an elapsed time of ten weeks, filling out the diariesand PDRs as they worked. They met together (with the first author) for about an hour onceor twice a week to discuss the analysis process (not the content of the analyses). That is,they discussed problems getting or understanding papers, problems making the techniquesapplicable to the Builder, types of information their techniques needed or provided, but notspecific usability problems they had found in the Builder. Each analyst produced a stack ofPDRs, detailed diaries, and a brief written report.2.4 Specific UEMsSince these UEMs are evolving, several versions of each method exist in the literature.Therefore, we must be clear about which version each analyst used in their assessment ofthe Builder’s specification.The CA analyst used both (Kellogg, 1989) and (Carroll & Rosson, 1991) as examples ofhow to do use the method. He expressed the problems he identified in the "claim -- but"format shown in these papers.The CW analyst read about several versions of the method, but used the version in(Wharton, Rieman, Lewis & Polson, 1994). He chose tasks based on the target document,derived the correct procedures from the specification, and did his walkthroughs alone. Adetailed account of this analyst’s experience using CW can be found in (John & Mashyna,in press; John & Packer, 1995).The GOMS analyst relied primarily on (Kieras, 1994). He specified the goal hierarchy forseveral tasks derived from the target document and made quantitative predictions ofexecution and learning time. In addition, Kieras suggests checking the analysis for"naturalness" of the goal hierarchy. This analyst decided that the questions posed by CWwere a good means of checking "naturalness" so he kept CW’s questions in mind as heexamined his GOMS analysis; about 40% of his PDRs were credited to assessing"naturalness" in this way.The HE analyst used (Nielsen, 1993) as her primary source. She did an HE herself, andrecruited three additional evaluators: two with CS backgrounds, one in graphic design.She trained them with (Molich & Nielsen, 1990), and recorded all the problems theyidentified and suggestions they made. This analyst did not remove duplicate problemsfrom the set of raw PDRs. Since HE with several evaluators typically has duplicateproblems, the first author and a colleague examined the raw PDRs, came to a consensusabout duplicates, and removed them. The duplicates were 5% of the total raw PDRs, lowerthan we expected, and lower than depicted in other HE writings (e.g., Nielsen & Mack,1994: p. 27).The UAN analyst found (Siochi & Hartson, 1989) best for understanding the basics ofUAN, but used the more detailed (Hartson, Siochi & Hix, 1990) as a guide when doing theanalysis itself. This analyst understood that the goal of UAN is to write an unambiguousspecification, not to point out usability problems. However, she wanted to see if theprocess of formalizing a prose specification would have the side-effect of identifyingusability problems or design improvements as well.The analyst who just read the specification repeatedly did not use any particular method.He was instructed to note in the diaries if he noticed himself using any particular method in

John & Marks p. 6Tracking the Effectiveness of Usability Evaluation Methodshis reading, but he did not write down any known UEM. He did record that he read thespecification once through deliberately looking only at whether commands were undoableor not.2.5 Results of the UEM analysesThe results of the UEM analyses can be characterized by the usability problems theypredicted. Other measures might also be included in other analyses of these rich diaries,e.g., the effort exerted by the analysts, in what activities they spent their time, their doubtsand insights about the UEMs, but an analysis of those data is beyond the scope of thispaper (but see John & Mashyna, in press; or John & Packer, 1995, for detailed analyses ofthe CW case).323 raw PDRs were generated by the analyses: 24 by CA, 42 by CW, 44 by GOMS, 127by HE, 17 by UAN and 69 by Reading (Table 1). Most of the analysts attributed thedetection of these problems directly to their UEM, as opposed to having found them byreading the specification or other personal judgment. A notable standout is that the analystusing UAN did not attribute any PDRs directly to the UAN technique itself, but called 94%of the PDRs a "side effect" of the technique. As discussed above, this is not a surprisingresult, as the goal of UAN is to produce an unambiguous specification, not to identifyusability problems.Table 1. PDRs generated by the analysts and the sources to which they attributedthe PDRs.UEMRawPDRsnumberfromUEMpercentfromUEMnumbersideeffectpercentsideeffect

CA2 4 1 9 7 9 % 00 %

CW4 2 2 6 6 2 % 41 0 %

GOMS4 4 3 2 7 3 % 00 %

HE1 2 7 1 1 1 8 7 % 22 %

UAN1 7 00 % 1 6 9 4 %

Reading6 9 N/AN/AN/AN/A

TOTAL3 2 3 1 8 8 5 8 % 2 3 7 %

John & Marks p. 7Tracking the Effectiveness of Usability Evaluation Methods

3. Addressing the Predicted Usability ProblemsMuch of the Builder had been implemented according to the specification, independent ofthe UEM analyses. Some changes were made during implementation, by agreement withinthe development group.Given an implementation and a set of predicted problems, decisions must be made aboutwhat code to change. In the real world, the development team as a whole could makedecisions, management or an external customer could set priorities, or individualdevelopers could decide to change the code under their control. These procedures dependon the size and complexity of the product and the organizational culture. In our case, thesituation was as follows.3.1 Development ParticipantThe ACSE project (which included the Builder) and its predecessors had been in existencefor more than 15 years at Carnegie Mellon University, producing several versions ofnovice programming environments currently used in universities across the Unites States(Miller, Pane, Meter & Vorthmann, 1994). The project was winding down at the time ofour involvement; one full-time developer, Dev1, was available to assess the PDRs and fixthe code.Dev1 had worked on these systems for almost 10 years. Although he was not an author ofthe specification, he contributed to it and had written much of the code. Dev1 had taken anHCI course several years prior to this work and had classroom knowledge of all theseUEMs.3.2 Materials and ProcedureWe gave Dev1 the PDRs, transcribed, printed one to a page, and grouped by UEM thatproduced them.4 These included the prose description of the problem, the analyst’sjudgments of frequency and severity, and the source of their judgments. Dev1 handled thePDRs in the following order: CW, UAN, CA, Reading, GOMS, HE.Dev1 recorded his reasoning about why to fix a problem or not on the PDR, extended withadditional questions for that purpose. Dev1 first judged whether a PDR reported an actualusability problem of the Builder, a problem with the specification itself, or a problem withthe target document which did not reflect a usability problem with the Builder.

4 A clerical error, not found until after all systems had been built and all usability tests completed,prevented 32 HE PDRs from being given to the developer. A post-hoc analysis of these PDRs showedthem to be very similar to the other HE PDRs. They spanned all aspects of the Builder, 4 were in portionsof the Builder that are not yet implemented, 7 did not exist in the current implementation because of thechanges introduced in the normal development process, 4 were problems with the specification or analyst’smisreading of the specification, 4 were duplicates of other UEMs’ PDRs which had been passed along to thedeveloper, leaving 13 which might have influenced the design. Dev1 was kind enough to rate these PDRsafter the fact, and estimated that he would have changed code because of 2 of them, but these changes wereexactly what he actually implemented for the HE version. Therefore, to our best knowledge the HE versionwould not have been changed due to these extra PDRs and only the 88 HE PDRs actually passed to Dev1were tracked.

John & Marks p. 8Tracking the Effectiveness of Usability Evaluation MethodsIf Dev1 interpreted a PDR as an actual usability problem, he recorded whether this problemexisted in the current implementation of the Builder. If so, he recorded how important hethought it was to fix the problem on a five-point scale (1=not important, 5=imperative). Herecorded alternative ways to fix the problem and rated each on a five-point scale ofdifficulty (1=trivial to fix, 3= 1 person/week, 5 = almost impossible to fix). Finally, Dev1recorded his final decision to fix the problem or not, which option to use if there werealternatives, and a reason for that decision.Dev1 then changed the code of the baseline implementation to make a new version of theBuilder. If a predicted usability problem had already been fixed when handing an earlierUEM, he simply included the new code in that UEM’s version of the Builder. Dev1worked on these changes to the code full time for about ten weeks.3.3 Results and Discussion of Development ParticipationOf the 284 PDRs passed to Dev1, he thought two contained two problems each, so hefilled out questionnaires for 286 predicted usability problems (Table 2). Of these, Dev1believed that 56 (20%) were not actually usability problems with the Builder. UAN standsout as having a high percentage of non-problem PDRs (82%) and all of these are problemswith the specification. This result is not surprising, as UAN is a technique fordisambiguating a specification. CW, GOMS and Reading reported relatively few non-usability problems (5, 13 and 6%, respectively, all specification-related). Of the 20% non-usability problems reported by CA, one third (2 PDRs) were with the specification, onewas a criticism of animation as a learning tool based on reading the analyst had done, half(3) were introduced when the analyst used the technique iteratively, criticizing his owndesign suggestions which were not part of the original design. About two-thirds of the HEnon-usability problems were attributed to the specification; about one-third to the targetdocument. All of the target-document problems came from the first HE analyst, an Englishgraduate student concentrating in rhetoric. Two non-usability problems, both generated bythe HE analyst with a CS education, were based on assumptions about memoryrequirements of the Builder that Dev1 felt were incorrect. Perhaps these non-usability non-specification problems reflect the analysts’ background more than HE itself. 230 predictedusability problems remained to be analyzed further.All of the analysts found problems with parts of the Builder which were not yetimplemented (NYI). Table 3 shows that CA, CW, and Reading spent 1/4 to 1/3 of theireffort in these areas. (UAN’s 100% in these areas is probably an artifact of the smallnumber of predicted usability problems.) 70% of GOMS’s 17 NYI problems were withthe procedure for creating cross-references, possibly reflecting the emphasis that GOMSputs on procedures and the difficulty of that particular procedure. Only 5% of HE’sproblems were in NYI areas and we do not have an explanation for this result.Table 3 also shows the number of predicted usability problems that had changed during thenormal development process, without the benefit of these UEMs. Most of the techniquescluster around 30%. CA is lower, at about 16%. (UAN’s 0% is probably an artifact of itslow number of predicted usability problems.)Problems that do not exist in the baseline implementation of the Builder cannot possibly beobserved in think-aloud usability tests, therefore, we dropped them from further analysis.This left 100 potentially observable predicted problems.

John & Marks p. 9Tracking the Effectiveness of Usability Evaluation MethodsTable 2. Dev1’s judgment of the PDRs passed to him.UEMNumberPDRspassed toDev1numberproblemsaddressedby Dev1numberNOTusabilityproblemspercentNOTusabilityproblemsnumberofusabilityproblems

CA2 4 2 5 62 4 % 1 9

CW4 2 4 2 25 % 4 0

GOMS4 4 4 5 61 3 % 3 9

HE8 8 38 8 2 4 2 7 % 6 4

UAN1 7 1 7 1 4 8 2 % 3

Reading6 9 6 9 46 % 6 5

TOTAL2 8 4 2 8 6 5 6 2 0 % 2 3 0

Table 3. Predicted usability problems in areas that were not yetimplemented (NYI), or changed by the development team in the normalcourse of implementation. The numbers in this figure do not add up to thenumbers in Table 2’s last column because both CW and HE had oneproblem which Dev1 said did not exist in the current implementationwithout explanation, and GOMS had one problem for which Dev1 provideda simple "work-around" obviating the problem in his opinion.UEMnumberofusabilityproblemsnumberNYIpercentNYInumberchangedduringdevelopmentpercentchangedduringdevelopmentproblemss t i l l existing

CA1 9 52 6 % 31 6 % 1 1

CW4 0 1 3 3 3 % 1 1 2 8 % 1 5

GOMS3 9 1 7 4 4 % 1 1 2 8 % 1 0

HE6 4 35 % 1 9 3 0 % 4 1

UAN331 0 0 % 00 % 0

Reading6 5 2 0 3 1 % 2 2 3 4 % 2 3

TOTAL2 3 0 6 1 2 7 % 6 6 2 9 % 1 0 0

John & Marks p. 10Tracking the Effectiveness of Usability Evaluation MethodsTable 4 shows the number of changes to the code. Neither CA nor UAN resulted in anychanges. The other techniques persuaded Dev1 to make between 2 and 7 changes to thecode. HE and Reading had the highest compression ratio, where an average of more thanthree problems could be fixed with a single code change, whereas GOMS had a one-to-onemapping between the predicted problems which led to change and the change itself.Interestingly, the compression ratio does not account for any of the variance in thepercentage of problems that led to a change, indicating that multiple reasons to make achange may be no more persuasive than one well-supported reason.Table 4. Predicted usability problems that persuaded Dev1 to change thecode.UEMproblemss t i l l existingnumberled tocodechangepercentled tocodechangenumberofchangesin code

CA1 1 00 % 0

CW1 5 1 1 7 3 % 5

GOMS1 0 33 0 % 3

HE4 1 71 7 % 2

UAN000 % 0

Reading2 3 93 9 % 7

TOTAL1 0 0 3 0 3 0 %

4. Usability TestingThe next stage in tracking predicted usability problems is to collect data about theiroccurrence with users. Ideally, we would deploy the Builder and observe real users doingtheir actual jobs. However, that was not possible and we approximated the ideal situationwith think-aloud usability tests in the laboratory. Such testing is heavily used in industryand "may be the single most valuable usability engineering method" (Nielsen, 1993: p.195).4.1 TasksWe gave our users five tasks, all within the use-scenario that they were creating coursematerial for a biology class. These tasks were constructed from an actual biology lessonbuilt with an earlier version of the Builder (Pane et al., 1996). We included creation and

John & Marks p. 11Tracking the Effectiveness of Usability Evaluation Methodsmodification tasks and exercised the major features of the Builder (text, graphics,animation, code, table of contents, glossary, bookmarks, etc.). The task set included someprocedures we had failed to exercise in a previous study (John & Mashyna, in press). As apragmatic constraint, we restricted these tasks so that all training, data-collection, anddebriefing could be accomplished in 2 hours.The first task was to create a three-page multimedia document from hard-copy, attached toan science simulation. This involved cutting and pasting text, pictures and an animationfrom other Macintosh applications, and adding entries into the table of contents andglossary. The second task was to switch page 2 with page 3. The third task was to addanother page, enter another glossary entry, and modify the definition of an existing entry.The fourth task was to add a final page that included a code fragment and to ensure thatfuture users of the document could not change that code. The last task was to save thedocument in an editable version for the professor and in an exercise version for thestudents.4.2 ParticipantsTwenty business undergraduates participated in the usability tests, four5 for each of the fiveversions of the Builder. All had experience with the Macintosh, were familiar withMicrosoft Word, and knew how to cut and paste between applications. The studentsearned extra credit toward class grades for participating in the study. Each participant wasrandomly assigned to a version of the Builder, in blocks.4.3 ApparatusThe tests used a Macintosh Quadra with a 17 inch color monitor, running System 7.5.MSWord5.1 held source text and pictures; MoviePlayer1.0 held source animations. Fiveversions of the Builder were used: vBL1.2 (baseline), vCW1.2 (built from CognitiveWalkthrough suggestions), vGM1.0 (GOMS suggestions), vHE1.0 (Heuristic Evaluationsuggestions), and vRD1.1 (Reading suggestions). All sessions were videotaped.4.4 Procedure & ResultsEach participant was given simple skills assessment tasks to demonstrate his or herproficiency with the Macintosh. The participant had to switch between two applications,copy a graphic from one application to another, and, after a brief training, copy ananimation from one application to another. The participant was trained how to do a think-aloud verbal protocol and practiced thinking aloud while playing solitaire.The participant was then shown a program on the computer screen and told that the Builderallowed professors to attach course material to programs. This program was a simulationof fruit fly embryo development. They were given hard-copy and asked to create a volume

5 Prior research has shown that using three or four participants in a usability test maximizes the ratio of thenumber of usability problems found to the effort involved in running the test (Nielsen & Landauer, 1993;Virzi, 1990; Virzi, 1992). However, this number is still the subject of debate and can be much higher ifthe probability of finding a problem in the interface is very low (e.g., see (Lewis, 1994)).

John & Marks p. 12Tracking the Effectiveness of Usability Evaluation Methodsthat looked like these pages and attach it to the program. They were told that source text,pictures and an animation were in other applications already open on their screen.The participants were not given any specific instructions about the Builder. Thisinstructionless learning paradigm represents how many people begin using newapplications (Carroll & Rosson, 1987).After completing the first task, the participant was asked to do the second task; after that,the third, and so on until all five tasks were done. To keep the tasks reasonably short, weenforced two time limits. First, if a participant articulated a goal and failed to make anyprogress toward that goal for three minutes, the experimenter showed the participant howto accomplish that goal. Second, each task was assigned a maximum duration byquadrupling the time the second author could perform the task. These durations werechecked with three pilot users. If the maximum duration was reached, the experimenterstopped the participant and asked the participant to move onto the next task.This procedure resulted in 20 videotapes, four for each version of the Builder. Thesevideotapes are the data from which to track the problems described in the next section.

5. Problem Tracking5.1 Problems to trackWe had to establish which predicted problems were potentially observable in the usabilitytests. Even though the suite of tasks was created to cover system features, the usabilityanalysts could predict problems that would never show up in the laboratory environmentwe provided. If we were to track these problems, it would give a distorted measure ofpredictive power for the UEMs used.First, many predicted problems concerned the quality of course materials rather than theBuilder itself. For instance, there were several suggestions about making pages easier toread (e.g., constraining the amount of text on a page, distributing white-space evenly, etc.)These problems could only be observed with end-users (students), measuring theirunderstanding of the course content or the time it takes them to come to a threshold ofunderstanding. Other problems would arise only if the participant were the actual author ofthe curriculum. That is, only the true author would need to do things like compare twoalternative layouts; our participants were simply trying to construct an electronic version ofthe hard-copy we gave them. Finally, some predicted problems were with features that thetask suite failed to address, despite our careful selection. For instance, we did not ask theparticipants to edit a code frame. For these reasons, we judged 33 predicted problems to beunobservable in our usability tests.We then combined problems that would be indicated by the same behavior. For instance,the analyst using CA said "People may erroneously rely on having the undo optionavailable when it is, in fact, inactive" and the Reading analyst said "In general, allcommands should be undoable by choosing ’undo’." Although not precise duplicates (i.e.,CA’s problem could be fixed by warning the user that undo is inactive), the behaviorindicating the problem involves the user trying to use the undo command when it isn’tactive. Combining similar problems reduced our list to 54 problems (Figure 4).

John & Marks p. 13Tracking the Effectiveness of Usability Evaluation Methods5.2 Procedure and ResultsThe second author annotated the 20 videotapes using the MacSHAPA observationalanalysis tool (Sanderson et al., 1994). Using the list in Figure 4, he specifically looked forinstances of the 54 predicted difficulties. He adhered to a set of criteria for reporting that aproblem was observed (Figure 3). A second analyst was trained on the criteria with threeproblems in each of two videotapes, with feedback on her categorizations. After training,she analyzed 4 tapes, looking for 11 different problems, for a total of 38 ratings, and had a82% absolute agreement with the second author’s ratings on whether the problems wereobserved. A consensus opinion was reached for each of these ratings. The first analysthad a 92% agreement with the consensus; the second, 89%. Since this inter-rater reliabilityis good, each rater did a distinct portion of the remaining problems.The user articulated a goal and cannot succeed in attaining that goal within 3 minutes (then the experimenter steps in and shows him or her what to do).

The user articulates a goal, tries several things and then explicitly gives up.

The user articulates a goal and has to try three or more things to find the solution.

The user does not succeed in a task. That is, when there is a difference between the hard-copy document the user was given and the Volume the user produced.

The user expresses surprise.

The user expresses some negative affect or says something is a problem.

The user makes a design suggestion.

Figure 3. Criteria for reporting that a usability problem wasobserved in a videotaped think-aloud usability test.It is important to note that we used a different procedure than work comparing the problemspredicted by a UEM to those observed in a usability study. That work typically looks forall problems that a user has, rather than concentrating on verifying predicted problems(e.g., John & Mashyna, in press). Our procedure is different because our goal is to trackpredicted usability problems through the development process rather than to comparetechniques. Our procedure reliably detects whether a predicted problem is experienced byusers but it will not discover usability problems which the UEM does not predict.The results of the videotape analysis are presented in Figure 4. A one-line summary ofeach problem gives a sense of the content and range of the predictions. The sources ofeach prediction are listed in column 3. All 54 problems were tracked in the videotapes ofthe baseline version, indicated by a number appearing in every row of that column.Problems were tracked in the other versions only if a code change was made attempting tofix the problem. A number in the last four columns indicates that a problem was tracked inthat version; a dash indicates that it was not.

John & Marks p. 14Tracking the Effectiveness of Usability Evaluation MethodsInsert Figure 4, page 1 here

John & Marks p. 15Tracking the Effectiveness of Usability Evaluation MethodsInsert Figure 4, page 2 here

John & Marks p. 16Tracking the Effectiveness of Usability Evaluation Methods

6. Discussion and ConclusionsGiven the predicted problems, Dev1’s judgments of those problems, and the user tests, wecan fill in the effectiveness tree for this development case. Before discussing the tree andits implications, we will present the limitations of our study to qualify the conclusions wedraw from the tree. We also lay out some directions for future research.6.1 Strengths and Limitations of the DataMany aspects of this study may generalize to real-world use of UEMs, but others limitgeneralization.The application and specification. These UEMs were developed in the era where theparadigmatic human-computer interaction involved an office worker in front of a PC.Since the Builder fits in this paradigm it may be more suited to these UEMs than otherapplications involving virtual reality, for instance, or collaborative work. The specificationused prose and figures. Although such specifications are widely used, these results maynot generalize to other forms, like formal specifications or prototype-as-specification.The problem prediction process. Since this work follows a case-study paradigm, not anexperimental one, we had a single analyst using each UEM. It is difficult to attribute creditor blame to the UEM itself as opposed to the analyst’s background without deeper analysisof the diary data produced in the study (e.g., see John & Mashyna, in press). Therefore,we will not make strong comparisons between techniques, but only look for dominantpatterns in the data.These analysts were novices at the techniques. While novice analysts are not uncommon inreal-world practice (Dillon, Sweeney & Maguire, 1993), these data do not reflect the bestwork of analysts expert in a particular UEM.These analysts were not developers of the system they were critiquing. Although manycompanies bring in usability analysts as consultants, many other projects include usabilityanalysts as full team members. It is unclear whether additional knowledge of theunderlying system would produce less naive predictions or fewer criticisms because of theinvestment the analysts themselves have made in the design.Finally, the problems were generated with specific versions of the UEMs (section 2.4).Most of these methods are under development and the performance displayed here may notexist in newer versions of the technique.The development involvement. There was a single developer making all the judgments andall the code changes, under a deadline. As a major contributor to the design and the code,Dev1 therefore had the same background as programmers on other real-world developmentprojects. However, he was working alone on these changes after development on theproject had essentially stopped. It is unclear whether more programmers, or more time,would have produced a large quantity or higher quality design changes. In addition, Dev1did not have the opportunity for dialog with the analysts. In a situation where the analystsare part of the design team, perhaps these techniques would be more persuasive.

John & Marks p. 17Tracking the Effectiveness of Usability Evaluation MethodsThe usability tests. Our usability tests have the same limitations as many conducted forreal-world products. Our tasks were short so that the tests could be of reasonable duration.Our participants had similar computer experience as target users, but were not domainexperts or actual authors of educational materials. There was no extensive instruction orpractice with the system. More training and longer tasks might have uncovered problemsthat only come with scale or expertise (for instance, the differences in expert performancetime that GOMS is designed to predict, e.g., Gray, John & Atwood, 1993; John & Kieras,in press). In addition, more users might have uncovered more problems in general (Lewis,1994; Virzi, 1992).6.2 Effectiveness treeFigure 5 shows the effectiveness tree for our data. The numbers in each box indicate howmany predicted problems are in the category named by the box and the path to it. TheUEMs listed predicted the problems in each box. For instance, the box at the top left saysthat 6 problems predicted by CW, HE or Reading, were observed in the baseline user tests,led to changes in the code, and fewer people displayed those problems in the user tests ofthe revised Builders.Slightly less than half of the 54 problems were observed in the usability tests. Of those,50% led to changes in the code, and about one half of those changes actually resulted infewer observations of users having troubles. Another quarter had the same number ofusers with problems and the last quarter had more observations of users with difficultiesthan the baseline version of the Builder. Of the predicted problems that were not observed,about one quarter led to changes in the code, all of which produced the same number ofuser problems in the revised Builder as in the original Builder.Because of the limitations of our study discussed above, we focus on big patterns in thesedata rather than small differences. For example, UAN is totally absent from this chart.Although the analyst using UAN predicted some usability problems as a side effect of thetechnique, none survived in the tracking process to this stage; most were identifyingproblems in the specification. This is evidence that UAN (circa 1990) is not a technique forfinding usability problems, but for disambiguating a specification, as advertised.A striking pattern is that relatively few of the predicted problems ended in the mostdesirable outcome, o1 - Effective change. Only 11% of these problems were observed andled to code changes that gave fewer users difficulty. Half that number ended in outcomeo4, which took considerable coding effort and resulted in an inferior system. This isevidence that the UEMs studied here are not as effective as the HCI field would like and wehave a dire need for more research into UEMs.Other patterns suggest that the situation is not hopeless. First, no problems ended in o6, anoutcome that also results in an inferior system. Second, 80% of the problems that were notobserved also were not changed (o7), a higher percentage than observed problems that didnot lead to code changes. Perhaps there was something about these problems, or the waythey were presented, that led the developer to decide not to change the code. If this"something" could be discovered and codified, it could be incorporated into the UEMs toreduce these false alarms.Another pattern is that most outcomes are populated by problems from most of the UEMs.All UEMs predicted some problems that were observed and some that were not. All but

John & Marks p. 18Tracking the Effectiveness of Usability Evaluation MethodsCA persuaded the developer to change the code sometimes and not others. The numbersare too small in the design-change effectiveness column to be confident in specific results(i.e., we would NOT want to conclude that HE never produces worse designs, GOMSnever produces better designs, and CW and Reading always produce both better andworse). However, the fact that no design-change effectiveness outcome is populated by asingle UEM suggests that all techniques have strengths that further research could mine andlimitations that it could reduce. Also, just reading the specification repeatedly withoutusing any particular UEM populates the outcomes as much as do the more structuredUEMs.Same Problems

More Problems

CW, GOMS, Rdg CW, HE, Rdg

PredictivePowerPersuasivePowerDesign-ChangeEffectivenesso1 - Effective changeo2 - Wasted efforto3 - Costly in effort and qualityo4 - Missed opportunity

o5 - Wasted efforto6 - Costly in effort and qualityo7 - Wasted effortObserved

Not ObservedPredicted Usability Problems

5426ChangedNot Changed28131362264360ChangedFewer ProblemsNot ChangedCA, CW, GOMS, HE, RdgCA, CW, GOMS, HE, Rdg

CA, CW, GOMS, HE, Rdg

CW, GOMS, HE, Rdg

CW, GOMS, Rdg CW, GOMS, Rdg

CA, CW, HE, Rdg

CW, HE, Rdg

Same Problems

Figure 5. The effectiveness tree for our data.Figure 6 shows the analysts’ average frequency and severity ratings for each problemcategory in the effectiveness tree, as well as Dev1’s average ratings of importance of theproblems and difficulty of changing the code. The number of design suggestions made bythe analysts and number of those suggestions actually implemented by Dev1 are alsoshown. These numbers are descriptive statistics only; this study does not have sufficient

John & Marks p. 19Tracking the Effectiveness of Usability Evaluation Methods

Analysts frequencyAnalysts severity -------Dev1 importanceDev1 difficulty

54 Predicted Problems3.222.88---1.633.29

26 Observed

28Not Observed

13 Changed

13Not Changed

6 Changed

22Not Changed

6Fewer Problems

4Same Problems

3More Problems

6Same Changed 3.293.35---2.412.533.263.06---1.943.182.602.80---1.802.204.003.83---3.502.833.003.00---1.802.403.172.66---1.263.473.082.63---1.133.903.602.80---1.862.86

0150 Analyst suggestions ------------No. followed66

PredictivePowerPersuasivePowerDesign-ChangeEffectivenessFigure 6. The effectiveness tree with analyst’s average frequency andseverity ratings, Dev1’s average importance and difficulty ratings and thenumber of analyst’s design suggestions made and implemented.statistical power o produce significant inferential results. Therefore, we again look only atthe biggest trends (shaded).In general, Dev1’s importance rating follows the analysts’ severity ratings, though on alower scale. For instance, the analysts and Dev1 all rate the observed problems slightlymore important (or severe) than the unobserved problems.

John & Marks p. 20Tracking the Effectiveness of Usability Evaluation MethodsThe shaded items in the persuasiveness column show that the problems which led to codechanges were more important and less difficult, on average, than the problems Dev1 didnot choose to redesign. This may be an indication of wisdom on Dev1’s part, or a form ofcognitive dissonance (i. e., he changed it, so it must have been more important).In the final outcomes, the problems that were most important to fix led to solutions that didnot improve performance. This does not seem to be due to Dev1 not following theanalysts’ design suggestions, however. When he did follow their suggestions,performance both improved and got worse (open circles). Again, these numbers aredescriptive, not inferential, so these trends should be viewed as hypotheses to test withfurther research rather than conclusions to apply in practical design environments.6.3 Lessons learned and future workDespite the cautions in section 6.1, we believe there are still several lessons that we canlearn from this work.These UEMs are not as effective as HCI would like. If they were highly effective, therewould be a much higher percentage of problems resulting in an effective change, instead ofpopulating the outcomes so evenly.There is no particular UEM to blame for this result. All UEMs populated most of theoutcomes, with two exceptions. UAN (circa 1990) did not predict trackable usabilityproblems, but it was not intended as a tool for prediction. CA (circa 1991) did not lead toany design changes. We speculate that its "claim...but" format, presenting both advantagesand disadvantages of a design, makes it difficult to see a clearly better way to implement thesystem.Just reading a prose specification many times seems to be as effective as more structuredUEMs at detecting and fixing novice-user problem. This reading might require someonenot involved in the actual design, as was our Reading analyst.All of the lessons of this experience should be tested with further research. The HCI fieldneeds to find productive partnerships between research and development to do actualexperiments on UEM use. We need real specifications, real products, real developmentteams and real users, in sufficient number, to have generalizable results. Other fields, likemedicine and education, have well-established methodologies to assess processes; we needto commit the time and resources to follow their lead.Finally, the effectiveness tree presented here provides an interesting framework forevaluating UEMs more broadly than simple predictive power. However, this frameworkneeds to be exercised on more data and expanded to include usability problems missed byanalytic UEMs. In addition, quantitative measures of predictive power, persuasive powerand design-change effectiveness need to be established so that many studies can producecomparable data.

AcknowledgmentWe would like to thank the anonymous Dev1 for his efforts, and Matt Mashyna for hiscontinuing support.

John & Marks p. 21Tracking the Effectiveness of Usability Evaluation Methods

ReferencesButler, K. A., Jacob, R. J. K., & John, B. E. (1994). Introduction and Overview ofHuman-Computer Interaction, Companion Proceedings of ACM CHI’94Conference on Human Factors in Computing Systems, (Vol. 2, pp. 351-352).New York: ACM.Carroll, J. M., & Rosson, M.-B. (1987). The paradox of the active user. In J. M.Carroll (Ed.), Interfacing thought, . Cambridge, MA: MIT Press.Carroll, J. M., & Rosson, M. B. (1991). Deliberated Evolution: Stalking the ViewMatcher in Design Space. Human-Computer Interaction, 6(3-4), 281-318.Dillon, A., Sweeney, M., & Maguire, M. (1993). A Survey of Usability EngineeringWithin the European IT Industry -- Current Practice and Needs, Proceedings of theHCI’93 Conference on People and Computers VIII, (pp. 81-94).Gallagher, S., & Meter, S. (1993). Volume View Interface Design : School of ComptuerScience, Carnegie Mellon University.Gray, W. D., John, B. E., & Atwood, M. E. (1993). Project Ernestine: Validating aGOMS Analysis for Predicting and Explaining Real-World Task Performance.Human-Computer Interaction, 8(3), 237-309.Gray, W. D., & Salzman, M. C. (1996). Damaged merchandise? A review ofexperiments that compare usability evaluation methods. Manuscript submitted forpublication.Hartson, H. R., Siochi, A. C., & Hix, D. (1990). The UAN: A user-orientedrepresentation for direct manipulation interface designs. ACM Transactions onInformation Systems, 8(3), 181-203.Jeffries, R., Miller, J. R., Wharton, C., & Uyeda, K. M. (1991). User interfaceevaluation in the real world: A comparison of four techniques, Proceedings of CHI,1991 (New Orleans, Louisiana, April 28 - May 2, 1991). New York: ACM.John, B. E., & Kieras, D. E. (in press). Using GOMS for user interface design andevaluation: Which technique? ACM Transactions on Computer-Human Interaction.John, B. E., & Mashyna, M. M. (in press). Evaluating a multimedia authoring tool withcognitive walkthrough and think-aloud user studies. Journal of the AmericanSociety of Information Systems.John, B. E., & Packer, H. (1995). Learning and using the Cognitive WalkthroughMethod: A case study approach. Proceedings of CHI, 1995 (Denver, Colorado,May 7-11, 1995), (pp. 429-436). New York: ACM.Kellogg, W. A. (1989). Qualitative artifact analysis (Research Report RC 15768): IBMT. J. Watson Research Center.

John & Marks p. 22Tracking the Effectiveness of Usability Evaluation MethodsKieras, D. E. (1994). A guide to GOMS task analysis (Spring 1994) : University ofMichigan.Lewis, J. R. (1994). Sample sizes for usability studies: Additional considerations.Human Factors, 36(2), 368-378.Marks, S. J. (1996). Exploratory evaluation of usability inspection technques.Unpublished Undergraduate Senior Thesis, Carnegie Mellon University.Miller, P. L., Pane, J. F., Meter, G., & Vorthmann, S. (1994). Evolution of NoviceProgramming Environments: The Structure Editors of Carnegie Mellon University.Interactive Learning Environments, 4(2), 140-158.Molich, R., & Nielsen, J. (1990). Improving a human-computer dialog.Communications of the ACM, 33(3), 338-348.Nielsen, J. (1993). Usability Engineering. Boston, MA: Academic Press.Nielsen, J., & Landauer, T. K. (1993). A mathematical model of the finding of usabilityproblems, Proceedings of INTERCHI, 1993 (Amsterdam, April 24-April 29), (pp.206-213). New York: ACM.Nielsen, J., & Mack, R. L. (Eds.). (1994). Usability Inspection Methods. New York:John Wiley.Pane, J. F., Corbett, A. T., & John, B. E. (1996). Assessing dynamics in computer-based instruction, Proceedings of CHI, 1996 (Vancouver, BC, April 14-18, 1996),(pp. 197-204). New York: ACM.Rieman, J. (1993). The diary study: A workplace-oriented research tool to guidelaboratory efforts, Proceedings of INTERCHI, 1993 (Amsterdam, TheNetherlands, 24 April - 29 April, 1993), (pp. 321-326). New York: ACM.Sanderson, P. M., Scott, J. P., Johnston, T., Mainzer, J., Wanatabe, L. M., & James,J. M. (1994). MacSHAPA and the enterprise of Exploratory Sequential DataAnalysis (ESDA). International Journal of Human-Computer Systems, 41(5), 633-681.Siochi, A., & Hartson, H. R. (1989). Task oriented representation of asynchronous userinterfaces, Proceedings of CHI, 1989 (Austin, Texas, April 30 - May 4, 1989),(pp. 183-188). New York: ACM.Virzi, R. A. (1990). Streamlining the design process: Running fewer subjects,Proceedings of the Human Factors Society 34th Annual Meeting, (pp. 291-294).Santa Monica, CA: Human Factors Society.Virzi, R. A. (1992). Refining the test phase of usability evaluation: How many subjectsis enough? Human Factors, 34(4), 457-468.Wharton, C., Rieman, J., Lewis, C., & Polson, P. (1994). The Cognitive WalkthroughMethod: A practitioner’s guide. In J. Nielsen & R. L. Mack (Eds.), UsabilityInspection Methods. New York: John Wiley & Sons, Inc.