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AB STRACT

An in ter est in the de sign of in ter faces has been a core topic for re search ers
and prac ti tio ners in the field of hu man–com puter in ter ac tion (HCI); an in ter est
in the de sign of ex per i ments has not. To the ex tent that re li able and valid guid -
ance for the for mer de pends on the re sults of the lat ter, it is nec es sary that re -
search ers and prac ti tio ners un der stand how small fea tures of an ex per i men tal
de sign can cast large shad ows over the re sults and con clu sions that can be
drawn. In this re view we ex am ine the de sign of 5 ex per i ments that com pared
us abil ity eval u a tion meth ods (UEMs). Each has had an im por tant in flu ence on
HCI thought and prac tice. Un for tu nately, our ex am i na tion shows that small
prob lems in the way these ex per i ments were de signed and con ducted call into
se ri ous ques tion what we thought we knew re gard ing the ef fi cacy of var i ous
UEMs. If the in flu ence of these ex per i ments were triv ial, then such small

HUMAN-COMPUTER INTERACTION, 1998, Volume 13, pp. 203–261
Copy right © 1998, Law rence Erlbaum As so ci ates, Inc.

Wayne Gray is a cog ni tive sci en tist with an in ter est in how ar ti fact de sign af -
fects the cog ni tion re quired to per form tasks; he has worked in gov ern ment and
in dus try and cur rently heads the Hu man Fac tors and Ap plied Cog ni tive Pro -
gram at George Ma son Uni ver sity. Mar i lyn Salzman is a de sign and us abil ity
en gi neer for U S WEST Ad vanced Tech nol ogies and a doc toral stu dent in the
Hu man Fac tors and Ap plied Cog ni tive Pro gram at George Ma son Uni ver sity.
Her in ter ests in clude hu man–com puter in ter ac tion de sign and eval u a tion.



204 GRAY AND SALZMAN

CON TENTS

1. OVERVIEW
2. INTRODUCTION
3. THE UNIQUE ROLE AND BURDEN OF EXPERIMENTS IN

EMPIRICAL STUDIES OF HUMAN–COMPUTER INTERACTION
4. THREATS TO THE VALIDITY OF EXPERIMENTAL STUDIES

4.1. Cause–Ef fect Is sues
Sta tis ti cal Con clu sion Va lid ity
In ter nal Va lid ity

4.2. Gen er al ity Is sues
Con struct Va lid ity
Ex ter nal Va lid ity

4.3. Con clu sion Va lid ity
4.4. Sum mary: Threats to Va lid ity of Ex per i men tal Studies

5. THREATS TO THE VALIDITY OF FIVE INFLUENTIAL UEM
STUDIES

5.1. Jeffries, Miller, Whar ton, and Uyeda (1991)
Over view
Sta tis ti cal Con clu sion Va lid ity
In ter nal Va lid ity
Con struct Va lid ity
Ex ter nal Va lid ity
Con clu sion Va lid ity
Sum mary of the Re view of Jeffries et al. (1991)

5.2. Karat, Camp bell, and Fiegel (1992)
Over view
Sta tis ti cal Con clu sion Va lid ity
In ter nal Va lid ity
Con struct Va lid ity
Ex ter nal Va lid ity
Con clu sion Va lid ity
Sum mary of the Re view of Karat et al. (1992)

5.3. Niel sen (1992)
Over view
Eval u a tion
Sta tis ti cal Con clu sion Va lid ity
In ter nal Va lid ity
Con struct Va lid ity
Con clu sion Va lid ity
Sum mary of the Re view of Niel sen (1992)

5.4. Desurvire, Kondziela, and Atwood (1992)
Over view
Sta tis ti cal Con clu sion Va lid ity: Sam ple Size
In ter nal Va lid ity: Selection
Con struct Va lid ity and Ex ter nal Va lid ity
Sum mary of the Re view of Desurvire et al. (1992)



problems could be safely ig nored. Un for tu nately, the out comes of these ex per i -
ments have been used to jus tify ad vice to prac ti tio ners re gard ing their choice of
UEMs. Making such choices based on mis lead ing or er ro ne ous claims can be det ri -
men tal—com pro mis ing the qual ity and in teg rity of the eval u a tion, in cur ring un -
nec es sary costs, or un der min ing the prac ti tio ner’s cred i bil ity within the de sign
team. The ex per i men tal method is a po tent ve hi cle that can help in form the choice
of a UEM as well as help to ad dress other HCI is sues. How ever, to ob tain the de -
sired out comes, close at ten tion must be paid to ex per i men tal de sign.

1. OVERVIEW

Us abil ity is a core con struct in hu man–com puter in ter ac tion (HCI).
Methods to eval u ate the us abil ity of var i ous soft ware pack ages have been of
in tense in ter est to HCI re search ers and prac ti tio ners alike. Var i ous us abil ity
eval u a tion meth ods (UEMs) have been cre ated and pro moted. The ap peal of
some UEMs rests on com mon sense and the per sua sive ness of pro po nents of
that UEM. Oth ers are based on case stud ies or les sons learned and col lected
from var i ous or ga ni za tions. Finally, other UEMs have been pro moted based
on the re sults of ex per i men tal stud ies de signed to com pare the ef fec tive ness of
two or more UEMs.
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This re view is lim ited to the lat ter sorts of ar gu ments: ex per i men tal stud ies
in tended to yield ob jec tive and generalizable data re gard ing the util ity of one
or more UEM. As we show later, the most in flu en tial of such ex per i ments suf -
fer from two ba sic prob lems. First, there are mea sure ment is sues. It is not clear
that what is be ing com pared across UEMs is their abil ity to as sess us abil ity. Al -
though some thing is be ing mea sured, it is far from ob vi ous that these mea sures 
re ally re flect sen si tiv ity to us abil ity. Sec ond, there are de sign is sues. The de -
sign of many of the ex per i ments is such that nei ther the data they pro duce nor
the con clu sions drawn from the data are re li able or valid.

The im pli ca tions we draw are of more than ac a demic in ter est. They con cern
the en tire HCI com mu nity. The parts of the re view that ex am ine the va lid ity
of as ser tions that one UEM is better than an other may be pri mar ily of in ter est
to prac ti tio ners. The parts that dis cuss meth od olog i cal and log i cal fail ings in
ex per i men tal de sign may be of pri mary in ter est to re search ers. How ever, the
whole of the re view is greater than the sum of its parts. Hence, this ar ti cle is not
sim ply a re view of ex per i men tal find ings or sim ply a meth od ol ogy-oriented
dis cus sion of ex per i men tal fail ings.

Both au thors are cur rently ac a dem ics but for merly prac ti tio ners. We
brought to our re view the prac ti tio ner’s dis dain of hair-splitting ac a demic ar -
gu ments. How ever, as we warmed to our topic we found, time and again, nu -
mer ous small prob lems in how the re search was de signed and con ducted. If
these small prob lems had only small ef fects on the in ter pre ta tion of that re -
search, we would have ig nored them. Un for tu nately, these small prob lems
had large ef fects on what we could le git i mately learn from the ex per i ments.
Cu mu la tively, they called into se ri ous ques tion what we thought we knew re -
gard ing the ef fi cacy of var i ous UEMs. We there fore ask our reader’s in dul -
gence in fol low ing us in the ex pla na tion of these small prob lems. This is not an
ex er cise in hair-splitting. It is an at tempt to con vince you that much of what
you thought you knew about UEMs is po ten tially mis lead ing.

2. INTRODUCTION

UEMs are used to eval u ate the in ter ac tion of the hu man with the com puter
for the pur pose of iden ti fy ing as pects of this in ter ac tion that can be im proved
to in crease us abil ity. They typ i cally come into play some time af ter needs as -
sess ment and be fore beta test ing (see Olson & Moran, 1996, for a gen eral dis -
cus sion of where UEMs fit in the soft ware de vel op ment life cy cle). UEMs can
be cat e go rized as an a lytic or em pir i cal. An a lytic UEMs in clude tech niques such
as Heu ris tic Eval u a tion, (Niel sen & Molich, 1990), Cog ni tive Walkthrough (C. 
Lewis & Polson, 1992; Whar ton, Rieman, Lewis, & Polson, 1994), guide lines
(e.g., Smith & Mosier, 1986), GOMS (Card, Moran, & New ell, 1983; John &
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Kieras, 1996a, 1996b), and oth ers. Em pir i cal UEMs in clude a wide range of
meth ods and pro ce dures that are of ten re ferred to sim ply as user test ing.

Our fo cus in this re view is not on UEMs per se but on the stud ies that were
in tended as ex per i men tal ma nip u la tions to com pare and con trast UEMs.1
The pur pose of these stud ies was to pro vide guid ance to prac ti tio ners re gard -
ing the ef fec tive ness of var i ous UEMs. Our re view tightly fo cuses on the de -
sign of the stud ies: what UEMs were used, how us abil ity was mea sured, who
the par tic i pants were, what the par tic i pants did, and so on. Our in tent is three -
fold. First, we draw con clu sions re gard ing whether the de sign of the study sup -
ports the claims that were made. Sec ond, when the claims do not fol low from
the ex per i men tal ma nip u la tion, we iden tify the source of the prob lem. Third,
over the body of stud ies re viewed, we un cover com mon prob lems and make
sug ges tions for how ex per i men tal re search in HCI can be im proved.

In the cause of us abil ity, do ing some thing is al most al ways better than do -
ing noth ing. How ever, for HCI prac ti tio ners, mak ing choices based on mis -
lead ing or er ro ne ous claims can be det ri men tal—com pro mis ing the qual ity
and in teg rity of the eval u a tion, in cur ring un nec es sary costs, or un der min ing
the prac ti tio ner’s cred i bil ity within the de sign team. For UEMs to pro vide use -
ful guid ance to the de sign pro cess, com par i son stud ies must be con ducted that
de lin eate the trade-offs—the ad van tages and dis ad van tages—of each method. 
Such ex per i ments can not be con ducted quickly or eas ily. They re quire a sub -
stan tial com mit ment of time and re sources. Nec es sarily, all such ex per i ments
are lim ited in scope, and these lim its must be ex plic itly ac knowl edged. Such
lim its do not mean that guid ance to prac ti tio ners can not be forth com ing or
that the ex per i men tal method does not have a role to play in for mu lat ing that
guid ance. If the power of the ex per i men tal ap proach is to be ap plied to il lu mi -
nate the ad van tages and pit falls of var i ous UEMs, then broad-brush ex per i -
ments must be es chewed and a pro gram of mul ti ple, nar rowly fo cused
ex per i ments must be em braced.

The plan for this ar ti cle is as fol lows. To de limit and fo cus the scope of our
com plaints, we be gin by dis cuss ing the unique role of ex per i ments among em -
pir i cal meth ods. We then quickly re view four well-known threats to va lid ity in
ex per i men tal stud ies (Cook & Camp bell, 1979) and dis cuss a prac tice that
seems wide spread in the HCI lit er a ture: go ing be yond the data to pro vide ad -
vice to prac ti tio ners. In the main sec tion, we re view five pa pers that have com -
pared UEMs: Jeffries, Miller, Whar ton, and Uyeda (1991); Karat, Camp bell,
and Fiegel (1992); Niel sen, (1992); Desurvire, Kondziela, and Atwood (1992);
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1. N.B., al though our fo cus is on stud ies that com pare UEMs, we have no rea son
to be lieve that the prob lems we find in these stud ies are not en demic to other ar eas of 
HCI re search.



and Niel sen and Phil lips (1993). All of these stud ies have been well cited, all
were pub lished in ref er eed con fer ence pro ceed ings (four in the pres ti gious
SIGCHI pro ceed ings and one in the well-regarded Peo ple and Com puters
Con fer ence pro ceed ings), and all have had enough time for fuller re ports to
ap pear in the lit er a ture (none have). Hav ing pro vided a de tailed in tro duc tion
of threats to va lid ity and hav ing then used this frame work to or ga nize a de -
tailed re view of five stud ies, in the Ob ser va tions and Rec om men da tions sec -
tion we sug gest ways that fu ture HCI ex per i ments can be de signed to avoid
these threats.

3. THE UNIQUE ROLE AND BURDEN OF
EXPERIMENTS IN EMPIRICAL STUDIES OF
HUMAN–COMPUTER INTERACTION

De spite the pleth ora of al ter na tives, the tra di tional ex per i men tal ap proach
con tin ues to al lure re search ers. It is im por tant to un der stand why. Sim ply put,
”the unique pur pose of ex per i ments is to pro vide stron ger tests of causal hy -
poth e ses than is per mit ted by other forms of re search” (Cook & Camp bell,
1979, p. 83).

A well-conducted, valid ex per i ment per mits us to make strong in fer ences
re gard ing two im por tant is sues: (a) cause and ef fect and (b) gen er al ity. Ex per i -
ments are con ducted to de ter mine the ef fect of some in de pend ent vari able
(e.g., type of UEM) on some de pend ent vari able (DV) (e.g., the num ber of us -
abil ity prob lems un cov ered). Ex per i ments per mit us to go be yond not ing cor -
re la tion to in fer ring cau sal ity. For ex am ple, if us ing UEM-A, Group 1
iden ti fies more us abil ity prob lems than Group 2 (that used UEM-B), we can
in fer that it was the use of UEM-A, and not some other fac tor, that caused
Group 1 to find more prob lems (ef fect) than Group 2.

Gen er al ity is as im por tant to ex per i ment ers as cau sal ity. Is the ef fect found
lim ited to the ex act cir cum stances of the study or can it be gen er al ized to other
cir cum stances? If the study were con ducted at NYNEX, could it be gen er al -
ized to IBM? If the study used us abil ity spe cial ists with 3 years of ex pe ri ence,
could it be gen er al ized to spe cial ists with 10 years of ex pe ri ence? Can the so lu -
tions to us abil ity prob lems dis cov ered by ex per i men tal meth ods be gen er al -
ized to prob lems ob served in us abil ity test ing?

The in fer ence of cause and ef fect and the claim of gen er al ity is the es sence
of the ex per i men tal method and the rea son for its con tin ued at trac tion. How -
ever, few stud ies are generalizable across all times and places. Many have one
or more lim its in their claim to cau sal ity. When re search ers be come aware of
prob lems and lim its im posed by the con di tions of their stud ies, it is their re -
spon si bil ity to call these lim its to the at ten tion of the reader and to ex plic itly
cir cum scribe the claims made.

208 GRAY AND SALZMAN



4. THREATS TO THE VALIDITY OF EXPERIMENTAL
STUDIES

What sorts of things should we look at to de cide, first, whether a study was
well done and, sec ond, how far we can gen er al ize the find ings? These is sues
are of ten re ferred to as dif fer ent types of va lid ity. Al though there are dif fer ent
break downs of va lid ity, we con sider the four dis cussed by Cook and Camp -
bell (1979): sta tis ti cal con clu sion va lid ity, in ter nal va lid ity, con struct va lid ity,
and ex ter nal va lid ity. Ad di tionally, we dis cuss the prac tice of us ing the dis cus -
sion or con clu sion sec tion to go be yond what was in ves ti gated in the ex per i -
ment to pro vide ad vice to prac ti tio ners. Each threat to va lid ity is mul ti fac eted,
and we fo cus on those fac ets that are most rel e vant to HCI re search. These fac -
ets be come ma jor themes in our re view of UEM stud ies.

4.1. Cause–Effect Issues

Sta tis ti cal con clu sion va lid ity and in ter nal va lid ity are con cerned with
draw ing false pos i tive or false neg a tive con clu sions. Suc cinctly put, sta tis ti cal
con clu sion va lid ity helps us es tab lish whether the in de pend ent vari able is re -
lated to the DV. If there is a re la tion, then the ques tion for in ter nal va lid ity is
whether we can con clude that the in de pend ent vari able (the treat ment) caused 
the ob served change in the DV (what we mea sured) or whether both vari ables
are sim ply cor re lated and the ob served changes were caused by a third, un -
noted vari able.

Statistical Conclusion Validity

Sta tis ti cal con clu sion va lid ity is a realm well cov ered by sta tis tics text books. 
The is sues of par tic u lar con cern for UEM stud ies in clude low sta tis ti cal power, 
ran dom het er o ge ne ity of par tic i pants, and do ing too many com par i sons.

Low sta tis ti cal power and ran dom het er o ge ne ity of par tic i pants might be
re garded as two sides of the same coin. Low sta tis ti cal power may cause true
dif fer ences not to be no ticed; ran dom het er o ge ne ity of par tic i pants may cause
no ticed dif fer ences not to be true. Po ten tial so lu tions to these prob lems are to
in crease the num ber of par tic i pants per group and to con sider group dif fer -
ences in the con text of in di vid ual dif fer ences (vari abil ity).

Many UEM re search ers use sim ple de scrip tive sta tis tics (such as av er ages,
per cent ages, and tal lies) and tend to rely on eye ball tests2 to de ter mine if ap par -
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2. Eye ball test re fers to the prac tice of look ing at the data (eye ball ing it) and de cid -
ing by in tu ition that dif fer ences be tween two raw num bers, per cent ages, or means
are real.



ent dif fer ences are real. Un for tu nately, avoid ing sta tis tics does not avoid prob -
lems with sta tis ti cal con clu sion va lid ity. When the power of the find ings is too
low to use a sta tis ti cal test, the sam ple size may be too low to pro vide a sta ble
es ti mate of an ef fect. In many cases of low sam ple size, ef fects due to the ran -
dom het er o ge ne ity of par tic i pants may be greater than the sys tem atic ef fects of 
the treat ment (e.g., type of UEM or type of ex per tise). An other way of phras -
ing this prob lem is to think of one or more of the par tic i pants as Wild -
cards—that is, peo ple who are sig nif i cantly better or worse than av er age and
whose per for mance in the con di tions of the study do not re flect the UEM but
re flect their Wild card sta tus. The sim plest so lu tion to this Wild card ef fect3 is to
ran domly as sign more us abil ity in ter face spe cial ists (UISs)4 to each UEM
treat ment. The Wild card ef fect is less likely to in flu ence re sults when the Wild -
card is 1 or 2 UISs in a group of 10 or 20 in stead of 1 in a group of 3. The checks
on the Wild card ef fect are sta tis tics such as the t test or anal y sis of vari ance that
com pare the hy poth e sized sys tem atic ef fect due to treat ment (i.e., UEM) to the 
pre sum ably ran dom ef fect due to par tic i pant. If the treat ment ef fect is enough
big ger than the Wild card ef fect, then the dif fer ence be tween the two groups
can be at trib uted to the UEMs and not to their Wild cards.

In ad di tion to low power and ran dom het er o ge ne ity of vari ance (the Wild -
card ef fect), the way in which com par i sons are se lected can pose a threat to va -
lid ity. Ex per i men tal de sign hand books, such as Kep pel and Saufley (1980),
warn that “un planned com par i sons are con sid ered ‘op por tu nis tic’ in the sense
that they can cap i tal ize on chance fac tors” (pp. 140–141). They urge re search -
ers to “take pre cau tions against be com ing overly ‘zeal ous’ in de clar ing that a
par tic u larly at trac tive dif fer ence” (p. 141) is real. The lure of in ter pret ing these
“par tic u larly at trac tive dif fer ences” seems to be great in UEM ex per i ments. In
judg ing the po ten tial prob lem posed by mul ti ple com par i sons, the im por tant
dis tinc tion is be tween com par i sons that are cho sen af ter ex am in ing the data
ver sus those that fol low from the logic of the ex per i men tal de sign.

Prob lems due to low power, ran dom het er o ge ne ity of par tic i pants, and un -
planned com par i sons can be con trolled by the use of stan dard sta tis ti cal tech -
niques. Such tech niques at tempt to en sure that the ran dom ef fect due to
dif fer ent par tic i pants is sig nif i cantly less than the treat ment ef fect due to the
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3. The term Wild card is meant to ap ply to vari abil ity among nov ices as well as
among ex perts. (Note that some decks, or stud ies, may have more than one Wild -
card.) Our at tempt at cre at ing a mne monic la bel for this ef fect should not ob scure
the ba sic sta tis ti cal con cern with the test ing of group dif fer ences against par tic i pant
(sub ject) vari abil ity.

4. N.B., the stud ies we re viewed of ten de fine two types of eval u a tors: one whose
pri mary re spon si bil ity is hu man fac tors or in ter face is sues and an other whose pri -
mary re spon si bil ity is de sign ing or writ ing code. For con sis tency’s sake we re fer to
these two as UISs or soft ware en gi neers (SWEs).



ex per i men tal ma nip u la tion. They also pro vide ways of do ing mul ti ple
planned and un planned com par i sons while mit i gat ing the cap i tal iza tion on
chance fac tors.

Ex per i ments Ver sus User Testing. Sta tis ti cal con clu sion va lid ity is
more of an is sue for those who would con duct ex per i ments than for those
in volved in user test ing. Be cause user test ing as sumes so many of the trap -
pings of the ex per i men tal method it may seem rea son able to ac cept stan -
dards that are ap pro pri ate for user test ing as ap pro pri ate for ex per i men tal
re search. How ever, this should not be done. A ma jor dis tinc tion be tween
the two is il lus trated by the num ber of par tic i pants re quired to ob tain mean -
ing ful data. Ex per i men tal re sults have shown that for user test ing, only a few
par tic i pants are needed to iden tify prob lems and even fewer par tic i pants
are needed to iden tify se vere prob lems (Virzi, 1992; al though see J. R.
Lewis, 1994, for a coun ter ar gu ment). Sim i lar stud ies were per formed by
Niel sen (1992; Niel sen & Molich, 1990) and re sulted in the rec om men da -
tion to use three to five UISs for Heu ris tic Eval u a tion.

The dis tinc tion be tween stan dards ap pro pri ate for the us abil ity lab and
those ap pro pri ate for re search is well il lus trated by the dif fer ence be tween the
meth ods and the rec om men da tions of this se ries of stud ies. Sup port for the use 
of a hand ful of us ers or UISs in us abil ity test ing co mes from ex per i ments that
used large num bers of par tic i pants (e.g., Virzi per formed three stud ies with 12, 
20, and 20 par tic i pants; Niel sen and Molich used 34 par tic i pants; and Niel sen
used three groups of 31, 19, and 14 par tic i pants).

Internal Validity

Sta tis ti cal con clu sion va lid ity es tab lishes that there are real dif fer ences be -
tween groups; in ter nal va lid ity con cerns whether these dif fer ences are causal
as op posed to correlational (there might be a third, un known vari able that is
re spon si ble for the changes). Un for tu nately, there is no sim ple test for in ter nal
va lid ity. There are, how ever, well-established is sues re search ers need to con -
sider. Here we con sider three: in stru men ta tion, se lec tion, and set ting (see
Cook & Camp bell, 1979, for a fuller ex po si tion).

In stru men ta tion. For UEM stud ies, in stru men ta tion pri mar ily con -
cerns bi ases (co vert or overt) in how hu man ob serv ers iden tify or rate the se -
ver ity of us abil ity prob lems. Com paring meth ods or groups is only valid if
there is a way of rat ing the re sults that does not in ap pro pri ately fa vor one
con di tion over the oth ers.

In sev eral of the UEM stud ies we re viewed, eval u a tors were as signed to dif -
fer ent UEMs and asked to iden tify us abil ity prob lems us ing that UEM. This
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ap proach was threat ened by in stru men ta tion prob lems when ei ther the eval u -
a tors or the ex per i ment ers were re quired to iden tify, clas sify, or rate the us abil -
ity prob lems. For ex am ple, if, dur ing the course of the study, the eval u a tors
changed how they iden ti fied, clas si fied, or rated prob lems, then an in stru men -
ta tion prob lem ex isted. Fac tors that could have re sulted in such changes are
in creased sen si tiv ity to prob lems, in creased ex pe ri ence with the sys tem, and
so forth. An other com mon flaw in the in stru men ta tion of UEM stud ies is when 
prob lem cat e go ries de fined by one UEM, for ex am ple, Heu ris tic Eval u a tion,
were used by the ex per i ment ers to cat e go rize prob lems found by an other
UEM, for ex am ple, user test ing. In this case, the per spec tive of one UEM was
likely to have bi ased the count or clas si fi ca tion of prob lems found by the other
UEM.

The is sue is that you find what you look for and, con versely, you sel dom find
what you are not look ing for. Al though steps can be taken to pre vent in stru men ta -
tion prob lems, the scant dis cus sion of this is sue in the UEM lit er a ture raises
rather than al lays our con cerns.

Se lec tion. Se lec tion is a threat “when an ef fect may be due to the dif fer -
ence be tween the kinds of peo ple in one ex per i men tal group as op posed to
an other” (Cook & Camp bell, 1979, p. 53). In our re view we dis tin guish be -
tween gen eral ver sus spe cific se lec tion threats. A gen eral se lec tion threat re -
fers to a char ac ter is tic of the par tic i pants that is not di rectly re lated to the
ma nip u la tion of in ter est. A spe cific se lec tion threat ex ists when the par tic i -
pants as signed to dif fer ent groups are un equal in some char ac ter is tic (e.g.,
knowl edge or ex pe ri ence) that is di rectly re lated to some as pect of the ex -
per i men tal pro ce dures (and is not the in tended ma nip u la tion).

Set ting. The set ting for an ex per i ment may in flu ence its out comes. In -
deed, an in ter est ing re search study might in volve train ing con sum ers in, for
ex am ple, Cog ni tive Walkthrough and de ter min ing whether their eval u a -
tions of home soft ware change as a func tion of ap ply ing the tech nique in a
show room (be fore pur chase), at home (af ter pur chase), or in the us abil ity
lab. In this ex am ple, set ting be comes the in de pend ent vari able (i.e., some -
thing that is be ing ma nip u lated to de ter mine whether it ex erts any sig nif i -
cant ef fect on the out come). In some of the stud ies we re viewed, the set ting
covaried with UEM (treat ment), type of par tic i pant (e.g., UIS vs. SWE), or
both. In these cases, dif fer ences in set ting is a threat to the study’s in ter nal
va lid ity be cause it is im pos si ble to de ter mine whether the ef fect ob served
was ob tained from the treat ment, the set ting, or the treat ment–set ting com -
bi na tion.
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4.2. Generality Issues

If a study is in ter nally and sta tis ti cally valid, then we want to know whether
the causal re la tion ships found can be gen er al ized to al ter na tive mea sures of
cause and ef fect as well as across dif fer ent types of per sons, set tings, and times.
Cook and Camp bell (1979) re ferred to these is sues as con struct va lid ity and
ex ter nal va lid ity.

Construct Validity

Con struct va lid ity di vides neatly into two is sues: Are the ex per i ment ers
ma nip u lat ing what they claim to be ma nip u lat ing (the causal con struct) and are
they mea sur ing what they claim to be mea sur ing (the ef fect con struct)? UEM
stud ies have prob lems on both of these di men sions.

Causal Construct Validity

In the stud ies we re viewed, we found sev eral types of threats to con struct
va lid ity. The first threat is the most ba sic, as well as the most per va sive:
operationalizing, or de fin ing, the UEM. Did the way in which the ex per i ment -
ers con ducted UEM-A cor re spond to the reader’s un der stand ing of UEM-A?
Ad di tional threats could arise from us ing only one way of ap ply ing a flex i ble
UEM (mono-operation bias), ap ply ing the UEM to just one type of soft ware
(mono-method bias), or from the in ter ac tion of dif fer ent treat ments. In the fol -
low ing we dis cuss each of these is sues in more de tail.

De fining the UEM. The de vel op ment and def i ni tion of UEMs has
been a dy namic en ter prise. In fact, all cur rently used an a lytic UEMs have
evolved rap idly over re cent years. There fore, it is un der stand able that the
ex act def i ni tion of any given UEM may have changed over time. Un for tu -
nately, chang ing def i ni tions while keep ing the names the same makes it
hard if not im pos si ble to know what UEM is be ing ma nip u lated and, hence,
to com pare out comes from dif fer ent UEM stud ies.

An a lytic UEMs such as walkthroughs, guide lines, and heu ris tic eval u a tions 
are the UEMs that suf fer most from causal con struct prob lems. To fa cil i tate
com mu ni ca tion and com par i son, we use the ter mi nol ogy in Fig ure 1, which
ex pands on Olson and Moran’s (1996) ter mi nol ogy.

The two di men sions cap tured in Fig ure 1 are guide lines and sce nar ios. A
sce nario ex ists when eval u a tors are told to per form a given set of tasks or are
asked to eval u ate the steps of a task as they would be per formed by the user
(some times a flowchart is given, other times a list ing is pro vided). Guide lines
are broadly de fined as any list of prob lems, fea tures, or at trib utes pro vided to

DAMAGED MERCHANDISE? 213



eval u a tors for the pur pose of de ter min ing whether any item from this list has
been instantiated in the in ter face.

If ex perts are sim ply given an in ter face and told to eval u ate it with out be ing
pro vided spe cific guide lines or spe cific sce nar ios, we call it an ex pert re view
(or sim ply a re view if the eval u a tors are not ex perts). We re serve Heu ris tic
Eval u a tion for Niel sen’s “dis count” tech nique (Niel sen, 1992, 1993, 1994a,
1994b; Niel sen & Molich, 1990) that, among other things, pro vides eval u a tors
with a short list of guide lines but no sce nario. Hav ing ac cess to a long list of
guide lines5 but no sce nario is re ferred to sim ply as guide lines.

When ex perts are sim ply given a sce nario and told to use it in per form ing
their eval u a tion, this is an ex pert walkthrough. A heu ris tic walkthrough pro -
vides eval u a tors with a short list of guide lines with which to iden tify prob lems
found dur ing the walkthrough. Sim i larly, a guide lines walkthrough pro vides
eval u a tors with a long list of guide lines to use dur ing the walkthrough. Finally,
Cog ni tive Walkthrough is re served for con duct ing a walkthrough us ing the
tech niques de rived from CE+ the ory (C. Lewis & Polson, 1992; Polson, Lewis, 
Rieman, & Whar ton, 1992; Whar ton, Brad ford, Jeffries, & Franzke, 1992;
Whar ton et al., 1994).

From the per spec tive of causal con struct va lid ity, we can not in fer that
UEM-A is better than UEM-B un less we are cer tain that the meth ods used by
the ex per i menter were, in fact, rep re sen ta tive of UEM-A and UEM-B. In the
re views that fol low, when the ter mi nol ogy used by the re search ers dif fers from 
the ter mi nol ogy we use in Fig ure 1, we  point out the dif fer ence but con tinue to
use the ter mi nol ogy of the pa per be ing re viewed.
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Scenario

Guidelines No Yes

None Expert review Expert walkthrough
Short list Heuristic evaluation Heuristic walkthrough
Long list Guidelines Guidelines walkthrough
Information processing perspective N/A Cognitive walkthrough

Fig ure 1. Us abil ity Eval u a tion Methods Ter mi nol ogy Guide.

5. The short lists used for Heu ris tic Eval u a tion typ i cally have less than a dozen
guide lines. In con trast, the lon ger lists have sev eral dozen or more guide lines. For
ex am ple, one com mon source of guide lines (Smith & Mosier, 1986) has sev eral hun -
dred.



Mono-Operation and Mono-Method Bias. Adopting Fig ure 1’s ter mi -
nol ogy does not en sure that dif fer ent ex per i ments have im ple mented the
same UEM in the same way. Im por tant vari a tions may still ex ist. For ex am -
ple, in do ing a Heu ris tic Eval u a tion, mem bers of one group may con duct
their eval u a tions in de pend ently and then com bine re sults, whereas mem -
bers of an other may work to gether as a team. It is im por tant to know (as re -
search ers and prac ti tio ners) how changes in the way a UEM is car ried out
(i.e., op er a tions) af fect its abil ity to iden tify prob lems.

Mono-method bias is a com ple ment to mono-operation bias. Just as there are 
many dif fer ences in how any one UEM can be used, there are many dif fer -
ences in the type of soft ware that is to be eval u ated. It is not ob vi ous, for ex am -
ple, that a UEM that is good at find ing prob lems with of fice au to ma tion
soft ware can be trusted to iden tify prob lems with real-time, safety-critical sys -
tems. Prac ti tio ners need to know what UEM works best for the type of soft -
ware they are de vel op ing. Re searchers need to un der stand whether and how
us abil ity prob lems vary with the type of soft ware. Mono-method bias may
lead us to draw false gen er al iza tions con cern ing both of these is sues.

In ter ac tion of Dif fer ent Treat ments: Con founding. In a few of the
stud ies re viewed, two or more UEMs were used by the same set of par tic i -
pants. Such de signs raise a threat to causal con struct va lid ity due to the pos -
si ble in ter ac tion of dif fer ent treat ments. A threat ex ists be cause the ex pe ri ence
gained by us ing UEM-A may af fect the be hav ior (judg ments or what ever)
of par tic i pants while us ing UEM-B. For ex am ple, when us ing UEM-A par -
tic i pants are iden ti fy ing prob lems as well as gain ing fa mil iar ity with the soft -
ware. Both these UEM-A out comes (un cov er ing prob lems plus gain ing
fa mil iar ity) may be ex pected to feed into what the par tic i pants do and how
they view the soft ware later while us ing UEM-B. What is re ally be ing ma -
nip u lated is not sim ply UEM-A ver sus UEM-B but UEM-A ver sus
UEM-A/B; that is, the sec ond treat ment is not the pure form of UEM-B but
is UEM-B con founded by UEM-A.

Effect Construct Validity: Intrinsic Versus Payoff Measures of Usability

An im por tant dis tinc tion for UEMs is the dif fer ence be tween in trin sic and
pay off mea sures of us abil ity (Scriven, 1977):

If you want to eval u ate a tool … say an axe, you might study the de sign of the
bit, the weight dis tri bu tion, the steel al loy used, the grade of hick ory in the
han dle, etc., or you might just study the kind and speed of the cuts it makes in
the hands of a good axe man. (p. 346)
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Em pir i cal UEMs (i.e., most va ri et ies of user test ing) may mea sure per for -
mance di rectly. They are equiv a lent to Scriven’s (1977) study of the “kind and
speed of the cuts.” An a lytic UEMs ex am ine the in ter face or as pects of the in -
ter ac tion and in fer us abil ity prob lems. This is equiv a lent to Scriven’s study of
the bit, weight dis tri bu tion, steel al loy, and grade of hick ory. UEMs such as
those of the GOMS fam ily have dem on strated util ity for re lat ing in trin sic at -
trib utes of the in ter face to pay offs (or costs) of us ing the in ter face (per for mance 
out comes). For ex am ple, NGOMSL has been used to pre dict speed of learn -
ing (Bovair, Kieras, & Polson, 1990; Kieras, 1997) and CPM-GOMS (Gray,
John, & Atwood, 1993, pp. 282–286) has pin pointed per for mance prob lems to 
spe cific fea tures of the key board lay out, screen lay out, key ing pro ce dures, and 
sys tem re sponse times. For other UEMs, such as guide lines and Heu ris tic
Eval u a tion, mak ing this for ward in fer ence (from fea ture to pay off) is not as
tight or as ob vi ous.

We find much con fu sion in the lit er a ture con cern ing the na ture and role of
the two types of UEMs. An a lytic UEMs ex am ine in trin sic fea tures and at -
tempt to make pre dic tions con cern ing pay off per for mance. Em pir i cal UEMs
typ i cally at tempt to mea sure pay off per for mance di rectly (e.g., speed, num ber 
of er rors, learn ing time, etc.). When an em pir i cal UEM is used to com pare the
us abil ity of two dif fer ent in ter faces on some mea sure(s) of us abil ity (e.g., time
to com plete a se ries of tasks) the re sults are clear and un am big u ous: The faster
sys tem is the more us able (by that cri te rion for us abil ity).

An op por tu nity for prob lems arises when the out comes of em pir i cal and
an a lytic UEMs are viewed as equiv a lent—that is, when em pir i cal UEMs are
used in an at tempt to iden tify in trin sic fea tures that caused the ob served pay off 
prob lem. Em pir i cal UEMs can iden tify prob lems, but care must be taken to
iso late (e.g., Landauer, 1988) and iden tify the fea ture that caused the prob lem.
None of the stud ies we re viewed re port sys tem atic ways of re lat ing pay off
prob lems to in trin sic fea tures; all ap par ently rely on some form of ex pert judg -
ment.

Prob lems of in ter pre ta tion arise when the num ber of prob lems iden ti fied
by one UEM is com pared to those iden ti fied by an other. When dif fer ent tech -
niques iden tify dif fer ent prob lems, do the dif fer ences rep re sent misses for one
UEM or false alarms for the other? When com par ing re sults of an an a lytic
UEM with an em pir i cal UEM, is a fea ture iden ti fied by in trin sic eval u a tion a
us abil ity prob lem even if it has no ef fect on per for mance?

We be lieve that ef fect con struct va lid ity is the sin gle most im por tant is sue fac -
ing HCI re search ers and prac ti tio ners. We do not dwell on this is sue dur ing
our re view of the five stud ies; how ever, we re turn to this topic af ter ward (see
Sec tion 6.1).
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External Validity

Ex ter nal va lid ity con cerns gen er al iz ing to par tic u lar tar get per sons, set -
tings, and times and gen er al iz ing across types of per sons, set tings, and times
(Cook & Camp bell, 1979). The dis tinc tion is be tween gen er al iz ing to a pop u la -
tion ver sus across subpopulations.

For ex am ple, Karat et al. (1992) brought “to gether a group that had the
com po si tion of a de vel op ment team (de vel op ers and ar chi tects, UI spe cial ists,
and ap pro pri ate sup port per son nel) work ing with end us ers” (C. -M. Karat,
per sonal com mu ni ca tion, June 1, 1995). As in tended by the ex per i ment ers,
these re sults gen er al ize to the het er o ge neous pop u la tion used by IBM de vel op -
ment teams. How ever, read ers who at tempt to gen er al ize across Karat et al.’s
sam ple to groups com posed of just UISs or just end us ers or just de vel op ers
would be mak ing an er ror of ex ter nal va lid ity. Again, the dis tinc tion is one of
gen er al iz ing to a sim i larly het er o ge neous pop u la tion (okay) ver sus gen er al iz -
ing across the subpopulations (not okay).

Claims that ex ceed the scope of the set tings and per sons that the ex per i ment
can gen er al ize to or across are said to lack ex ter nal va lid ity. The dif fer ence be -
tween the ex act set tings and per sons used in the ex per i ment and the wider
range of set tings and per sons to which the ex per i menter seeks to gen er al ize is a 
con stant source of ten sion in re port ing ex per i men tal re sults. When re port ing
re sults, re search ers should at tempt to bal ance grand claims against ex plic itly
stated lim i ta tions. An ex am ple of such a qual i fi ca tion might be: “Al though we
be lieve that UEM-A can be used by any UIS with no spe cial train ing, we must
note that the 12 UISs used in this study all had PhDs in Cog ni tive Psy chol ogy
and had been in volved, for the past 5 years, in a full-time ef fort to de velop
UEM-A.” Un for tu nately, al though broad claims are ram pant, ex plic itly stated 
lim i ta tions and ca ve ats are rare.

4.3. Conclusion Validity

Are the claims made by the au thors con sis tent with the re sults or do the
claims fol low from what was done? Our con cern in this sec tion is not with
claims that are in valid due to one of the four Cook and Camp bell (1979) va lid -
ity prob lems. In the case of a prob lem with one of the first three types of va lid -
ity (sta tis ti cal con clu sion va lid ity, in ter nal va lid ity, or con struct va lid ity),
pre sum ably the re search was de signed to ad dress that claim but ran into trou -
ble for other rea sons (that, un for tu nately, were not no ticed by the re search ers). 
Like wise, for the fourth type of va lid ity, ex ter nal va lid ity, pre sum ably the
claim made is an overgeneralization of a par tic u lar find ing.

Our con cern is with claims made in the dis cus sion or con clu sion of the
study that were ei ther not in ves ti gated in the study or con tra dicted by the re -

DAMAGED MERCHANDISE? 217



sults of the study. The for mer is be yond the scope of the study; whereas the lat ter
is a con tra dicted con clu sion. Al though we can see no jus ti fi ca tion for con tra dicted
con clu sions, there are some in ter est ing is sues in volved in claims that go be -
yond a study’s scope.

For ex am ple, a re viewer (anon y mous, per sonal com mu ni ca tion, De cem -
ber 8, 1996) of an ear lier ver sion of this ar ti cle lam basted us for our

at tempt to in ter pret ev ery thing said in the Con clu sions or Dis cus sion sec tion
of these pa pers as con clu sions that log i cally fol low from the anal y ses in the pa -
per. Of ten state ments made in such sec tions are com ments or ad vice to oth ers
who might want to use these re sults.

There is a tra di tion in the hu man fac tors lit er a ture of pro vid ing ad vice to
prac ti tio ners on is sues re lated to, but not in ves ti gated in, an ex per i ment. This
tra di tion in cludes the clear and ex plicit sep a ra tion of ex per i ment-based claims
from ex pe ri ence-based ad vice. Our com plaint is not against ex per i ment ers who
at tempt to of fer good ad vice. Rather, we are con cerned with ad vice that is of -
fered with out the ap pro pri ate qual i fi ca tions. Ex pe ri ence-based ad vice needs
to be clearly and ex plic itly dis tin guished from ex per i ment-based in fer ence.
Un less such care is taken, the ad vice may be un der stood as re search find ings
rather than as the re searcher’s opin ion.

4.4. Summary: Threats to Validity of Experimental Studies

Cook and Camp bell (1979) dis cussed four threats to the va lid ity of ex per i -
men tal stud ies. We have at tempted to de fine these threats within the con text of 
HCI re search. In the next sec tion, we ex am ine the va lid ity of five ma jor stud -
ies of UEMs and dis cuss how va lid ity prob lems threaten the con clu sions one
can draw based on these stud ies. We also note oc ca sional con tra dicted con clu -
sions, as well as ex pe ri ence-based ad vice that is not ex plic itly dis tin guished
from ex per i ment-based in fer ence.

5. THREATS TO THE VALIDITY OF FIVE
INFLUENTIAL UEM STUDIES

The body of this re view ex am ines five in flu en tial UEM stud ies. In or der of
pub li ca tion, these are Jeffries et al. (1991), Karat et al. (1992), Niel sen (1992),
Desurvire et al. (1992), and Niel sen and Phil lips (1993). Al though it is ar gu able 
whether these are the most in flu en tial UEM stud ies, it seems be yond dis pute
that they have been very in flu en tial. Our ar gu ments for in flu ence are based on
in for mal sur veys of the ci ta tion of these works in the pro ceed ings of re cent
HCI con fer ences, jour nals, text books, and books. We rec og nize that many
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other note wor thy UEM stud ies have been re ported in the lit er a ture. In fact, in
an ear lier ver sion of this ar ti cle we in cluded 11 ex tended re views. How ever,
for brev ity, we have lim ited our dis cus sion to a core set of re views.6

Each re view has three parts:

Over view: A de scrip tion of the goals of the ex per i ment and a brief
sum mary of the study’s de sign and meth od ol ogy.

Va lid ity Is sues: An ex am i na tion of the va lid ity prob lems that limit
our ac cep tance of the claims made by the re search ers.

Sum mary: Our sum mary of the ma jor prob lems with va lid ity as well
as what we be lieve can be safely con cluded from the study as con -
ducted.

As a type of ad vanced or ga nizer, we re fer the reader to Fig ure 2 and Fig ure
3. For each study, Fig ure 2 in di cates po ten tial prob lems with how com par i sons 
were made, the num ber of par tic i pants per group, and the type of sta tis tics
used (or the lack thereof). (Note that the in di vid ual en tries in Fig ure 2 are ex -
plained in de tail as the study is dis cussed). Fig ure 3 sum ma rizes our judg ment
re gard ing each study’s most se vere va lid ity prob lems. In ad di tion, we re fer
you to Ap pen dices A-1 through A-5 for de tailed lists of the claims made by the
re search ers for each study as well as the prob lems that threaten the va lid ity of
those claims.

5.1. Jeffries, Miller, Wharton, and Uyeda (1991)

Overview

Jeffries et al. (1991) com pared four UEMs that they called Heu ris tic Eval u a -
tion, Cog ni tive Walkthrough, guide lines, and user test ing. By our clas si fi ca -
tion, the first is an ex pert re view rather than a Heu ris tic Eval u a tion; how ever,
the oth ers ap pear to be good ex em plars of their cat e go ries (see Fig ure 1). All
groups as sessed the us abil ity of HP-VUE™ “a vi sual in ter face to the UNIX op -
er at ing sys tem” (p. 120). There were 4 UISs in the Heu ris tic Eval u a tion group,
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five stud ies as the most in flu en tial UEM-comparison stud ies. An ad di tional four
stud ies were listed as less in flu en tial UEM com par i sons. The fi nal three were re -
viewed as UEM-expertise stud ies. Whereas none of the read ers of these ver sions felt
in clined to add stud ies to our list, many urged us to shorten the ar ti cle by re duc ing
the stud ies re viewed to a core set.  Hence, we kept our orig i nal four
UEM-comparison stud ies and added what we be lieve is the most in flu en tial of the
UEM-expertise stud ies (i.e., Niel sen, 1992).
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Type of Statistics

Experiment
Number of

Comparisons
Participants
Per Group

Participant
Variability

Considered?
Eyeball

or Other

Jeffries et al. (1991) Potential
problem

4–3–3–6(UT) No Most

Karat et al. (1992) Okay 6–6–6–6–6–6 No Most
Nielsen (1992)a Potential

problem
31–19–14 Some Many

Desurvire et al.
(1992)

Potential
problem

3–3–3–3–3
each; 18(UT)

No All

Nielsen and Phillips 
(1993)

Potential
problem

12–10–15–19–
20(UT)

Variance
reported

Most

Note. UT = user testing.                 .
aData summary based on the experimental part of the paper only.

Fig ure 2. Sum mary of in for ma tion dis cussed in Sta tis ti cal Con clu sion Va lid ity.

Fig ure 3. Prob lems by va lid ity types across stud ies.

Erroneous Claims Due to Problems With:
Claims That Exceed Scope 

of Study Due to:

Experiment

Statistical
Conclusion

Validity
Internal
Validity

Construct
Validity

External
Validity

Conclusion
Validity

Jeffries et al.
(1991)

X X X X X

Karat et al.
(1992)

X X X X

Nielsen (1992) X X X X
Desurvire et

al. (1992)
X X X X X

Nielsen and
Phillips
(1993)

X X X X X



one team of 3 SWEs in the guide lines group, one team of 3 SWEs in the Cog ni -
tive Walkthrough group, and 6 “reg u lar PC us ers” who were not fa mil iar with
UNIX in the user test ing group. The user test ing was con ducted by a hu man
fac tors ex pert (UIS) prac ticed in user test ing.

Jeffries et al.’s re search goals were to de ter mine (a) the in ter face prob lems
the UEMs best de tected, (b) the rel a tive costs and ben e fits of each UEM, and
(c) who (de vel op ers or UI spe cial ists) could use the UEMs more ef fec tively, all
in a real-world set ting. Based on the out comes of the study, they drew in fer -
ences about each of these is sues. How ever, a num ber of threats to va lid ity limit 
the strength of their claims.

Statistical Conclusion Validity

Sam ple Size. With 3 to 6 par tic i pants per group, this study suf fered
from low sta tis ti cal power and its con com i tant prob lem of ran dom het er o -
ge ne ity of par tic i pants—that is, just the sort of sit u a tion in which the Wild -
card ef fect is likely to have oc curred. With so few peo ple per group, small
vari a tions in in di vid ual per for mance could have had a large in flu ence on
the sta bil ity of mea sures of group dif fer ences, mak ing us un able to draw
valid in fer ences about one UEM ver sus an other.

There is a sec ond and more sub tle prob lem here as well. Par tic i pants in
some groups worked as teams, mak ing teams the unit rather than in di vid ual
par tic i pants. Hence, Fig ure 2, which shows 4–3–3–6(UT) user test ing par tic i -
pants per group, ac tu ally pro vides a le nient count for sam ple size. A more ac -
cu rate count would re flect the num ber of teams in a group, 4–1–1–1. The
Heu ris tic Eval u a tion group had four teams (with 1 par tic i pant each) be cause
each par tic i pant con ducted his or her Heu ris tic Eval u a tion in de pend ently.
Par tic i pants in the guide lines and Cog ni tive Walkthrough groups worked as
teams, pro vid ing a sam ple size of one for each those groups. It also ap pears
that we should think of the user test ing con di tion as com posed of one team be -
cause a sin gle UIS con ducted the user tests.

Sta tis tics Used. No sta tis ti cal anal y ses were per formed, and the vari -
abil ity of in di vid ual per for mance was not ac counted for. For ex am ple, the
claim that “the [H]euristic [E]val u a tion tech nique as ap plied here pro duced
the best re sults. It found the most prob lems, in clud ing more of the most se ri -
ous ones, than did any other tech nique, and at the low est cost” (p. 123) was
based on a com par i son of the to tal num ber of prob lems found by each
group. Like this claim, all of Jeffries et al.’s claims were based on in for mal
com par i sons of to tals, per cent ages, and means for very small sam ple sizes.
In ad di tion, the large num ber of com par i sons (see Fig ure 2) seems likely to
have cap i tal ized on chance fac tors.
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Internal Validity

Se lec tion. Groups dif fered in the type of par tic i pant as signed to them,
cre at ing in ter nal va lid ity prob lems with se lec tion. A gen eral se lec tion prob -
lem (see Sec tion 4.1, In ter nal Va lid ity) ex isted be cause UISs com posed the
Heu ris tic Eval u a tion group, whereas the Cog ni tive Walkthrough and guide -
lines groups con sisted of SWEs. In ad di tion, a spe cific se lec tion prob lem ex -
isted in that 2 of the 3 SWEs in the guide lines group had ex ten sive
ex pe ri ence (40 and 20 hr) with the ap pli ca tion (HP-VUE™) be ing eval u -
ated, but par tic i pants in the other groups did not. We have no way of know -
ing whether the find ing that “the guide lines eval u a tion was the best of the
four tech niques at find ing re cur ring and gen eral prob lems” (p. 123) was due
to the guide lines UEM or due to the ex pe ri ence with HP-VUE that mem -
bers of the guide lines group had that was, ap par ently, not pos sessed by any
mem ber of any other group. These gen eral and spe cific se lec tion threats
make it im pos si ble to sep a rate the in flu ence of par tic i pant back ground from 
the util ity of the tech nique.

Set ting. Ran dom ir rel e van cies in ex per i men tal set ting pre sented an
ad di tional threat to in ter nal va lid ity. The Heu ris tic Eval u a tion group as -
sessed HP-VUE at their own pace over a 2-week pe riod and, pre sum ably, at
their own ma chines. The user test ing group was given 3 hr of HP-VUE train -
ing fol lowed by 2 hr of test ing. Al though the text is not clear, it ap pears that
the guide line and Cog ni tive Walkthrough groups also com pleted eval u a -
tions in one sit ting. Such ex treme vari a tions in set ting might have af fected
group per for mance.

In stru men ta tion. To rate prob lem se ver ity, Jeffries et al. (1991) pro -
vided their rat ers with the de scrip tion of us abil ity prob lems ex actly as they
had been writ ten by the par tic i pants. No at tempt was made to dis guise the
UEM group from which the prob lem state ments came. In fact, the au thors
told us that prob lems iden ti fied by user test ing were rated as more se vere
than other prob lems and that these rat ings “may re flect a bias on the part of
the rat ers” be cause “it was easy to tell which prob lems came from the us abil -
ity test” (p. 122). If se ver ity had to be judged by rat ings (as op posed to a
more ob jec tive method), then the rat ers should not have known (i.e., been
blind to) which UEM group found what prob lem.

Construct Validity

Causal. Be cause the mean ing of the term heu ris tic eval u a tion has
changed sub stan tially since Jeffries et al. (1991) wrote their re port, re search -
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ers have mis in ter preted what this study has to say about UEMs. Heu ris tic
eval u a tion has gone from be ing a pri mar ily de scrip tive term to re fer ring to a 
well-defined tech nique for eval u at ing us abil ity. This prob lem was noted by
Virzi, Sorce, and Her bert (1993) and was con firmed by Jeffries in an e-mail
ex change (R. Jeffries, per sonal com mu ni ca tion, May 18, 1995). Jeffries et
al.’s use of this term is fault less; in deed, it is ex em plary as their de scrip tion
of their meth ods was such that a care ful reader, such as Virzi, could map
Jeffries et al.’s meth ods onto the chang ing UEM la bels. How ever, as a
reader, Virzi’s dil i gence is the ex cep tion, not the rule. For ex am ple, a clear
mis read ing is Niel sen’s (1994b) ci ta tion of this study as show ing that “in de -
pend ent re search has in deed con firmed that Heu ris tic Eval u a tion is a very
ef fi cient us abil ity en gi neer ing method” (p. 32). Such misreadings have lead
to miscommunications and false con clu sions by re search ers and prac ti tio -
ners alike.

Ef fect: How Prob lems Were Counted. Us abi l  i ty  prob lems were
counted for each UEM as they were found by par tic i pants in that UEM con -
di tion. There was no at tempt to clas sify sim i lar prob lems across UEMs.7

There fore, we do not know how much, if any, over lap there was in the prob -
lems or types of prob lems found by the dif fer ent UEMs. Thus, if we do not
know whether the prob lems found us ing Cog ni tive Walkthrough and guide -
lines were ac tu ally the same kinds of prob lems, the con clu sion that “the
[C]ognitive [W]alkthrough tech nique was roughly com pa ra ble to guide -
lines” (pp. 123–124) may be mis lead ing. Like wise, if we do not know the ex -
tent to which prob lems found us ing the dif fer ent UEMs were unique, the
con clu sion that “the [H]euristic [E]val u a tion tech nique as ap plied here pro -
duced the best re sults” (p. 123) is not as in for ma tive as it might oth er wise be.

External Validity

A very par tic u lar com bi na tion of set tings, eval u a tors, and UEMs was used
in this study. This com bi na tion would make it im pos si ble to gen er al ize the re -
sults to other per sons, places, or vari a tions on UEM op er a tions.

Conclusion Validity

As dis cussed in our over view of Jeffries et al., these au thors cite as one of
their goals the de ter mi na tion of how ex per tise af fects per for mance. They fol -
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of prob lems found by one con di tion to prob lems found by an other.



low up on this in their con clu sions, stat ing that Heu ris tic Eval u a tion is de pend -
ent on “hav ing ac cess to sev eral peo ple with the knowl edge and ex pe ri ence
nec es sary to ap ply the tech nique” (p. 123). How ever, the study was not de -
signed to ex am ine ei ther the num ber of peo ple nec es sary for an Heu ris tic
Eval u a tion or the knowl edge and ex pe ri ence re quired for con duct ing the eval -
u a tion. Thus, this con clu sion goes be yond the data.

Summary of the Review of Jeffries et al. (1991)

If Jeffries et al. (1991) had been cast as a case study (and ap pro pri ate
changes made through out), the pa per would have pro vided a snap shot of the
trade-offs fac ing Hewlett Packard in de cid ing how to do us abil ity anal y ses in
the late 1980s. Un for tu nately, the work was pre sented as an ex per i men tal
com par i son of four UEMs, and sev eral mis lead ing con clu sions were drawn.
Those re gard ing one UEM ver sus an other were weak be cause of low power
and lack of sta tis tics, as well as un con trolled dif fer ences (i.e., set ting and se lec -
tion) among groups. Claims made about the types of prob lems found by each
UEM are prob lem atic for the same rea sons. In ad di tion, there are con struct
va lid ity is sues with how prob lems were counted. Finally, con clu sions re gard -
ing the strengths of dif fer ent types of eval u a tors went be yond the scope of the
study. Over all, the de sign and scope of the study did not sup port the in fer -
ences made re gard ing cause and ef fect or gen er al ity of the re sults. (See Fig ure
A-1 for a de tailed list of claims and the va lid ity prob lems that weaken them.)

5.2. Karat, Campbell, and Fiegel (1992)

Overview

Karat et al. (1992) com pared user test ing with a walkthrough tech nique that
com bined sce nar ios with guide lines (heu ris tic walkthrough by our def i ni tion).
Forty-eight par tic i pants were drawn from a par tic i pant pool con sist ing of us -
ers, de vel op ers, and UISs. They were as signed ran domly to three con di tions:
user test ing (two groups of 6 in di vid u als), in di vid ual walkthrough (two groups
of 6 in di vid u als), and team walkthrough (two groups with six teams of 2 in di -
vid u als per team). One group in each con di tion eval u ated one in te grated of -
fice sys tem (text, spread sheet, and graph ics), whereas the sec ond group
eval u ated a sec ond in te grated of fice sys tem. (See Fig ure 4.) Dur ing a 3-hr ses -
sion, par tic i pants used the tech nique to which they had been as signed to learn
about the sys tem, freely ex plore the sys tem, work through nine sce nar ios, and
com plete a ques tion naire.

Karat et al. used the out comes of this study (a) to com pare the num ber of
prob lems found, prob lem se ver ity, and re sources re quired by each UEM; (b)
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to de ter mine if dif fer ences be tween UEMs gen er al ized across sys tems; and (c)
to ex am ine how the char ac ter is tics of walkthroughs in flu enced ef fec tive ness
(e.g., the ef fec tive ness of in di vid ual ver sus team eval u a tions, the ef fect of eval -
u a tor ex per tise, the value of sce nar ios). Al though the study’s de sign was fairly
strong, a few va lid ity prob lems un der mined the sound ness of some of the au -
thors’ con clu sions.

Statistical Conclusion Validity

Sam ple Size. Rec og nizing that, in their team walkthrough con di tion,
the team was the unit of anal y sis and not the num ber of in di vid u als per
team, Karat et al. went to some lengths to en sure that each group had 6 par -
tic i pants (6 teams or 6 in di vid u als; see Fig ure 4). Al though 6 par tic i pants
per con di tion was not a large num ber, 12 par tic i pants for each UEM con di -
tion and 18 per sys tem (see Fig ure 4) may have pro vided enough power to
guard against the Wild card ef fect. How ever, as we dis cuss in the next sec -
tion, the au thors’ anal y ses failed to take ad van tage of this strength in the
study’s de sign.

Data Anal y sis. The ma jor ity of the com par i sons re ported fol lowed
from the de sign of the study and clearly were not op por tu nis tic ef forts to
cap i tal ize on chance fac tors (see Sec tion 4.1). How ever, the com par i sons
made and con clu sions drawn rested on sim ple de scrip tive sta tis tics (e.g., av -
er ages and per cent ages) or χ2 anal y ses that did not take into ac count the
vari abil ity of par tic i pants. With 18 par tic i pants per sys tem (see Fig ure 4),
tests that con sid ered par tic i pant vari abil ity should have been per formed.
With out the sup port of sta tis tics to com pare group dif fer ences against par -
tic i pant (sub ject) vari abil ity, we should not in fer that dif fer ences in group
per for mance were due to treat ment rather than par tic i pants; that is, the
Wild card ef fect has not been ruled out.
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System
User

Testing
Individual

Walkthrough
Team

Walkthrough
Total Per
System

System A 6 6 6 teams of 2 18
System B 6 6 6 teams of 2 18
Total per UEM 12 12 12 teams of 2

Note. UEM = usability evaluation method.

Fig ure 4. Par tic i pants per group in Karat et al. (1992).



Internal Validity

A pos si ble gen eral se lec tion prob lem ex ists. Two UISs ad min is tered user
tests; in con trast, a com bi na tion of us ers, UISs, and SWEs com pleted the
walkthroughs. This dif fer ence may have con trib uted to the find ing that user
test ing was better than walkthroughs.

Construct Validity

Deal ing With Mono-Operation and Mono-Method Bias. Karat et al.
di rectly com pared two ways (or sets of op er a tions) of con duct ing
walkthroughs: in di vid ual ver sus team. This com par i son was a note wor thy
at tempt to move from sim plis tic state ments (“UEM-A is good”) and of fer
more use ful guid ance (“If you have 3 UISs, have them use UEM-A as a
team”). The use of two dif fer ent busi ness soft ware pack ages in the same ex -
per i ment was also note wor thy. This prac tice prob a bly re duced
mono-method bias and fa cil i tated the generalizability of their find ings.
How ever, their ma nip u la tion would have been more use ful if the au thors
had been able to char ac ter ize the na ture of the dif fer ences be tween the two
sys tems with out giv ing away pro pri etary in for ma tion. As is, read ers are
pro vided with no guid ance in map ping from the par tic u lar sys tems used by
Karat et al. to char ac ter is tics of sys tems that they might wish to eval u ate.

Con founding. Karat et al. claimed that “all walkthrough groups fa -
vored the use of sce nar ios over self-guided ex plo ra tion in iden ti fy ing us abil -
ity prob lems. This ev i dence sup ports the use of a set of rich sce nar ios
de vel oped in con sul ta tion with end us ers” (p. 403). With out care ful qual i fi -
ca tion, the de sign of the study does not per mit us to con clude any thing
about the value of sce nar ios. First, all par tic i pants com pleted self-guided ex -
plo ra tion first and sce nar ios sec ond. Hence, ex pe ri ence gained dur ing the
self-guided phase was avail able to these groups dur ing the sce nario phase.
This un con trolled or der ef fect of self-guided ex plo ra tion on sce nar ios
threat ened the causal con struct va lid ity of their claim by con found ing the
treat ments. Sec ond, al though par tic i pants liked the sce nar ios, no ev i dence
was pre sented to sug gest that the sce nar ios helped them find more prob -
lems. Thus, this claim goes be yond the scope of the study.

Ef fect Con struct Va lid ity. To sup port their con clu sion that “team
walkthroughs achieved better re sults than in di vid ual walkthroughs in some
ar eas” (p. 403), Karat et al. pro vided a χ2 anal y sis of the num ber of prob lem
to kens found. This anal y sis showed a sta tis ti cally sig nif i cant dif fer ence fa vor -
ing team walkthrough over in di vid ual walkthrough. How ever, Karat et al.
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clas si fied prob lems in four ways: to kens, types, prob lem ar eas, and sig nif i -
cant prob lem ar eas; it ap pears that these other mea sures were not nec es sar ily
con sis tent with the au thors’ in ter pre ta tion. For ex am ple, for prob lem ar eas,
the means for the team and in di vid ual walkthrough groups were iden ti cal.
In terms of sig nif i cant prob lem ar eas, teams found more prob lems than in -
di vid u als for Sys tem 1 (mean of 3.83/team vs. 3.00/in di vid ual) but not for
Sys tem 2 (mean of 2.33/team vs. 2.83/in di vid ual). Hence, the con clu sion fa -
vor ing team walkthroughs over in di vid ual walkthroughs de pends on the us -
abil ity mea sure that was cho sen; that is, had the anal y sis been based on the
num ber of prob lem ar eas or sig nif i cant prob lem ar eas, it would have told a
dif fer ent story.

External Validity

The ex ter nal va lid ity of the find ings must be tem pered by two con sid er -
ations. First, the de vel op ment team mem bers (SWEs) used here were not
mem bers of the team that de vel oped the prod uct. Thus the find ing that “us ers
and de vel op ment team mem bers can com plete us abil ity walkthroughs with
rel a tive suc cess” (p. 403) may not gen er al ize to SWEs that are asked to eval u -
ate soft ware that they have de vel oped.

Sec ond, the au thors can gen er al ize to mixed teams of GUI us ers, UISs, and
SWEs; how ever, read ers should be care ful about gen er al iz ing these re sults
across the pop u la tion (see the dis cus sion of Ex ter nal Va lid ity in Sec tion 4.2) to
teams com posed of just graph i cal user in ter face (GUI) us ers, just de vel op ers,
or just UISs. For ex am ple, “rel a tive suc cess” may be due to the syn ergy of a
mixed team, solely due to the SWEs, or solely due to the GUI us ers.

Conclusion Validity

Un for tu nately, many of au thors’ con clu sions are ei ther be yond the scope of 
their study or con tra dicted by their own data. For ex am ple, the au thors
claimed that stud ies by Jeffries et al. (1991) and Desurvire et al. (1991), as well
as their own study, “pro vide strong sup port for the value of [user in ter face] ex -
per tise” (p. 403). This claim goes well be yond the data. User in ter face ex per -
tise was not var ied in Jeffries et al. (1991), and it was not var ied here.8 Be cause
user in ter face ex per tise was not ma nip u lated in this study, this con clu sion is
be yond the scope of the study. In a dis cus sion of the sig nif i cant prob lem ar eas
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8. In ad di tion to Jeffries et al., the au thors cited Desurvire, Law rence, and
Atwood (1991) as sup port. This work is a two-page SIGCHI Bul le tin re port of a con -
fer ence poster ses sion. It is im pos si ble for us to drawn con clu sions based on the de -
scrip tion given in this source.



iden ti fied across meth ods, Karat et al. claimed that “these meth ods [user test -
ing and walkthroughs] are com ple men tary and yield dif fer ent re sults; they act
as dif fer ent types of sieves in iden ti fy ing us abil ity prob lems” (p. 403). This is a
con tra dicted con clu sion. Based on the data pre sented in Karat et al.’s Ta ble 4,
the UEMs did not yield dif fer ent types of data. Across the two sys tems, the user 
test ing group iden ti fied 21 prob lems (called sig nif i cant prob lem ar eas by the
au thors) not found by the team or in di vid ual walkthrough groups. The two
walkthrough con di tions to gether found only 3 prob lems not found by the user
test ing group. Thus, walkthroughs did not catch many prob lems missed by
user test ing.

Summary of the Review of Karat et al. (1992)

This study han dled most of the threats to in ter nal va lid ity well and thereby
pro vides a model of how ex per i men tal re search can be con ducted within a
cor po rate en vi ron ment. The mixed na ture of the groups lim its the gen er al iza -
tion (ex ter nal va lid ity) of their find ings. Given the eval u a tion phi los o phy at
IBM when this re search was con ducted, this limit is both rea son able and fair;
how ever, the au thors might have stressed this limit in their Dis cus sion and
Con clu sion sec tions more than they did. There also are mi nor con struct va lid -
ity prob lems con cern ing sev eral is sues. These prob lems raise con cerns with
how the study was in ter preted, but none of the prob lems can be con sid ered a
fa tal flaw. The main fail ing of this study was with sta tis ti cal con clu sion va lid ity.
Few sta tis ti cal tests were re ported, and those that were re ported failed to con -
trol for the Wild card ef fect. Hence, al though the re sults re gard ing the su pe ri -
or ity of user test ing to walkthroughs may be in ter est ing and sug ges tive, they
may not be generalizable be yond this study’s test ing con di tions. In ad di tion,
some of the claims made about the study have prob lems with con clu sion va lid -
ity. Thus, sev eral of the find ings should be con sid ered with cau tion. (See Fig -
ure A-2 for a de tailed list of claims and va lid ity prob lems.)

5.3. Nielsen (1992)

Overview

In this pa per, Niel sen de scribed (a) a study in which he ex am ined whether
the prob a bil ity of find ing us abil ity prob lems in creased with us abil ity ex per tise 
as well as do main (voice re sponse sys tems) ex per tise and (b) a study in which
he clas si fied out comes for six Heu ris tic Eval u a tions of dif fer ent user in ter faces
along sev eral di men sions. In the ex per tise study, Niel sen had three groups
com plete a Heu ris tic Eval u a tion of a printed di a logue (as op posed to a run ning 
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sys tem). Groups con sisted of 31 com puter sci ence stu dents (nov ices) who had
com pleted their first pro gram ming course, 19 UISs (sin gle ex perts) who had
“grad u ate de grees and/or sev eral years of job ex pe ri ence in the us abil ity area”
but with no spe cial ex per tise in voice re sponse sys tems, and 14 dou ble ex perts
who “had ex per tise in user in ter face is sues as well as voice re sponse sys tems.”
Niel sen in ter preted the re sults of his study to pro vide ad vice re gard ing how
ex per tise af fects the types of prob lems found by Heu ris tic Eval u a tion.

Evaluation

In the clas si fi ca tion study, Niel sen char ac ter ized prob lems found in six dif -
fer ent Heu ris tic Eval u a tions along the fol low ing di men sions: se ver ity (two lev -
els), heu ris tic (nine heuristics), lo ca tion (four lo ca tions), and type of sys tem
(two types). The re sults of this clas si fi ca tion were pre sented in two forms: the
pro por tion of prob lems fall ing into a cat e gory per eval u a tor (mean pro por -
tion) and the to tal pro por tion of prob lems ag gre gated across eval u a tors. Using
these kinds of clas si fi ca tions, he at tempted to de scribe Heu ris tic Eval u a tion’s
strengths and weak nesses in fa cil i tat ing prob lem iden ti fi ca tion. How ever,
prob lems with as sump tions made about the ef fect con struct as well as the ap -
proach used to an a lyze the data se verely weak ened the va lid ity of these stud -
ies, as well as many of Neilsen’s claims.

Statistical Conclusion Validity

Sam ple Size. In the ex per tise study, the large num ber of par tic i pants
per group (31 vs. 19 vs. 14) should have mit i gated the Wild card ef fect and
should have war ranted sta tis ti cal tests. Un for tu nately, none were re ported.
Al though sta tis ti cal tests were not con ducted, pos si ble dif fer ences were
noted and dis cussed as if they were real. For ex am ple, the con clu sion that
“us abil ity spe cial ists with ex per tise in the spe cific kind of in ter face be ing
eval u ated [dou ble ex perts] did much better than reg u lar us abil ity spe cial ists 
with out such ex per tise [sin gle ex perts], es pe cially with re gard to cer tain us -
abil ity prob lems that were unique to that kind of in ter face” (p. 380) re lies on
a com par i son of group means.

Data Anal y sis. In his anal y sis of Heu ris tic Eval u a tions, threats to sta -
tis ti cal con clu sion va lid ity are even more se vere. Not only was the vari abil -
ity of the data un ac counted for when com par i sons were made, but the
com par i sons were se lected from a large body of po ten tial com par i sons, sub -
stan tially in creas ing the prob a bil ity that ap par ent dif fer ences were due to
chance. To il lus trate how this in val i dated con clu sions based on these data,
con sider the fol low ing claim: “Prob lems with the lack of clearly marked ex -
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its are harder to find than prob lems vi o lat ing other heuristics” (p. 380). If we 
iso late the heu ris tic com par i sons, 306 were pos si ble.9 Thus, this claim was
based on 1 seem ing dif fer ence among a pos si ble 306 dif fer ences.

Over all, Niel sen’s Ta ble 2 pro vided a pos si ble 3,546 com par i sons by sys -
tem and an other 374 if the data were ag gre gated by type of pro to type.10

Picking a few par tic u larly at trac tive dif fer ences out of this sea of po ten tial com -
par i sons, as well as fail ing to con sider the sta bil ity of the data (their vari abil ity)
on which these dif fer ences were based, was likely to have cap i tal ized on
chance fac tors.

Internal Validity

Un for tu nately, the pa per does not pro vide the de tails nec es sary to as sess thor -
oughly ei ther study’s in ter nal va lid ity (e.g., gen eral or spe cific se lec tion threats).
For ex am ple, in the ex per tise study, we are not told how long each eval u a tor spent 
on the task or whether time on task was lim ited by the ex per i menter or up to each
eval u a tor. We are also not told whether the eval u a tion was com pleted in di vid u -
ally or in groups, or any thing else about the meth od ol ogy or con di tions of the
study. Nev er the less, an in stru men ta tion prob lem is ap par ent in both stud ies.

In stru men ta tion. In the ex per tise study, clas si fi ca tion of us abil ity prob -
lems into mi nor prob lems or ma jor prob lems rests on “a con sid ered judg ment” 
(p. 379). Whereas such an in for mal ba sis may suf fice for many sit u a tions, it
does not sup port a claim as com plex as “Ma jor us abil ity prob lems have a
higher prob a bil ity than mi nor prob lems of be ing found in a [H]euristic [E]val u -
a tion, but about twice as many mi nor prob lems are found in ab so lute num -
bers” (p. 380). A sim i lar prob lem was in her ent in the clas si fi ca tion study, as
clas si fi ca tions were made in much the same way. (Note that whereas what mea -
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9. To cal cu late the num ber of pos si ble com par i sons we use 
( )n n

y
⋅ −







 ⋅

1
2

, where n

is the num ber of cells and y is the num ber of DVs. There are nine heuristics and two
types of pro to types giv ing a to tal of 18 cells (n = 18). For the DVs, both mean and ag -
gre gate pro por tions are re ported (y = 2). There fore, 306 com par i sons are pos si ble.

10. Com par i sons made at the sys tem level are based on 12 cells for se ver ity, 54

cells for heu ris tic, 24 cells for lo ca tion, and two DVs. Using  
( )n n

y
⋅ −







 ⋅

1
2

, where n is 

the num ber of cells and y is the num ber of DVs, to cal cu late the num ber of com par i -
sons, we get a to tal of 3,546 pos si ble com par i sons. Com par i sons made by type of
pro to type are based on 4 cells for se ver ity, 18 cells for heu ris tic, and 8 cells for lo ca -
tion. With the two DVs, this makes a pos si ble 374 com par i sons.



sures were made is an ef fect con struct va lid ity is sue, how these mea sures were
made is an in ter nal va lid ity prob lem with in stru men ta tion.)

Construct Validity

In the ex per tise study, if we ig nore po ten tial prob lems with sta tis ti cal con -
clu sion va lid ity then we might con clude that nov ices named fewer po ten tial
prob lems than the sin gle ex perts, who, in turn, named fewer po ten tial prob -
lems than dou ble ex perts. Note that the phrase we use is “named fewer po ten -
tial prob lems” and not “found fewer ac tual prob lems.” The con struct va lid ity of
ef fect was a ma jor weak ness in this study. Heu ris tic Eval u a tion was not com -
pared to user test ing or to any other DV. Any thing that an eval u a tor named
was counted as an ac tual prob lem. There is no way to be sure that the named
prob lems (in trin sic fea tures) would have cor re sponded to real prob lems (pay -
off mea sures of per for mance).

Conclusion Validity

If po ten tial prob lems with sta tis ti cal con clu sion va lid ity are ig nored then a
mod est claim such as ex perts named more po ten tial prob lems than nonexperts would
have been sup ported by the data. How ever, the broader claim that “us abil ity
spe cial ists were much better than those with out us abil ity ex per tise at find ing us -
abil ity prob lems by heu ris tic eval u a tion” (p. 380) was not. There are two is sues
here. First, no at tempt was made in this study to de ter mine if the named prob lems
were ac tual prob lems. It seems likely that there was more than one false alarm
(call ing some thing a prob lem when it is not) or miss (not find ing a prob lem
when there is one). Sec ond, whereas the ef fect of ex per tise on an eval u a tor’s
abil ity to name prob lems was clear, the in cre ment con trib uted by Heu ris tic
Eval u a tion was not. How many of the named prob lems were found by ex pert
judg ment? How many more named prob lems did Heu ris tic Eval u a tion con -
trib ute? As these ques tions were not ad dressed in this study, con clu sions about
them can not be drawn. A sim i lar weak ness ex isted in the clas si fi ca tion study. It
was in tended to dem on strate the strengths and weak nesses of Heu ris tic Eval u a -
tion by cat e go riz ing prob lems found through that tech nique. How ever, it was
never es tab lished that the prob lems be ing cat e go rized were in fact real us abil ity 
prob lems—ones that af fected per for mance—and it was not es tab lished that
Heu ris tic Eval u a tion was re spon si ble for re veal ing those prob lems.

Summary of the Review of Nielsen (1992)

The au thor at tempted to tackle some crit i cal is sues and was cre ative in find -
ing ways to ad dress those is sues based on lim ited data. How ever, some of his
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an swers may be mis lead ing. As sump tions made about the ef fect con struct as
well as the ap proach used to an a lyze the data se verely weak ened the va lid ity of 
Niel sen’s con clu sions. His con clu sions as sumed that named prob lems were
ac tual prob lems and that dif fer ences found by op por tu nis tic com par i sons and
tested only by eye ball sta tis tics were real. There fore, we need to be care ful in
how we in ter pret his ad vice on ex per tise and the strengths and weak nesses of
Heu ris tic Eval u a tion. (See Fig ure A-3 for a de tailed list of claims and va lid ity
prob lems.)

5.4. Desurvire, Kondziela, and Atwood (1992)

Overview

Desurvire et al. (1992) com pared the ef fec tive ness of three types of eval u a -
tors (UISs [ex perts], SWEs, and nonexperts) on two an a lytic UEMs: Heu ris tic
Eval u a tion and Cog ni tive Walkthrough. In ad di tion, all UEM con di tions
were com pared with user test ing. The Heu ris tic Eval u a tion (heu ris tic
walkthrough in our ter mi nol ogy) and Cog ni tive Walkthrough groups used
“pa per flow-charts or ga nized by task” to com plete six tasks. The user test ing
group used a pro to type of the in ter face (H. Desurvire, per sonal com mu ni ca -
tion, Oc to ber 20, 1995).

The au thors’ re search goals were to de ter mine the value of ex per tise and to
as sess the rel a tive strengths and weak nesses of the an a lytic UEMs com pared
to user test ing. They drew a num ber of con clu sions re lat ing to each of these
goals. Un for tu nately, weak nesses in the study’s de sign and the anal y ses used
are cause for ques tion ing the va lid ity of all of these claims.

Statistical Conclusion Validity: Sample Size

The user test ing group had 18 par tic i pants; the six an a lytic UEM groups
had 3 par tic i pants each. These par tic i pants were dis trib uted as shown in Fig -
ure 5. The small num ber of par tic i pants and their dis tri bu tion among groups
raise con cerns with sta tis ti cal con clu sion va lid ity as well as in ter nal va lid ity.

Desurvire et al. (1992) at tempted to jus tify the use of 3 par tic i pants per
group by cit ing Niel sen and Molich (1990) and Niel sen (1992), who rec om -
mended us ing 3 eval u a tors when con duct ing a Heu ris tic Eval u a tion. Un for tu -
nately, as dis cussed in Sec tion 4.1 un der Sta tis ti cal Con clu sion Va lid ity, this
con fu sion of the stan dards ap pro pri ate for the us abil ity lab o ra tory with stan -
dards ap pro pri ate for ex per i men ta tion threat ened the sta tis ti cal con clu sion
va lid ity of the ex per i ment. The use of too few par tic i pants in an ex per i ment re -
sults in low power, un sta ble es ti mates of group per for mance, and a ten dency
for the Wild card ef fect. In ad di tion, the au thors were overly zeal ous in in ter -
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pret ing al most ev ery dif fer ence be tween two num bers as real (we count 57
such claims).

As an ex am ple, con sider Desurvire et al.’s (1992) claim that “[UISs] in the
Heu ris tic Eval u a tion con di tion named al most twice as many prob lems that
caused task fail ure or were of mi nor an noy ance in the lab o ra tory, than [UISs]
in the cog ni tive con di tion” (p. 99). Be cause this claim was based on a com par i -
son of to tals for 3 par tic i pants per group, this state ment is mis lead ing. Er rors
were clas si fied ac cord ing to prob lem se ver ity: mi nor an noy ance, caused er -
ror, and caused task fail ure (see Desurvire et al.’s Ta ble 2). The Heu ris tic Eval -
u a tion group found a grand to tal of four mi nor an noy ance prob lems, whereas
the Cog ni tive Walkthrough group found two. Like wise, for caused task fail ure
prob lems, the Heu ris tic Eval u a tion group found five prob lems and the Cog ni -
tive Walkthrough group found three (“al most twice as many”). These num bers
do not rep re sent the av er age num ber of er rors found per eval u a tor but the to tal num ber of
er rors found per group. Al though the arith me tic is in dis put able—four prob lems
is twice as many as two—the meaningfulness and re li abil ity of these claims are
ques tion able.

Internal Validity: Selection

A spe cific se lec tion threat ex ists in that the same 3 SWEs eval u ated the
same six tasks us ing both Heu ris tic Eval u a tion and Cog ni tive Walkthrough.
Hence, in one of these two con di tions (we are not told which con di tion the
SWEs com pleted first) the SWE group had more ex pe ri ence with the task than 
the UIS group did, mak ing any com par i sons among groups dif fi cult to in ter -
pret. The sec ond UEM per formed by the SWEs had to have been af fected by
their in creased fa mil iar ity with the sys tem, with the six tasks, as well as by their
mem ory of the prob lems found by the first UEM. Thus, it is hard to as sess the
va lid ity of the claim that “there were no dif fer ences be tween meth ods for the
[SWEs].”
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Fig ure 5. Par tic i pants per group in Desurvire et al. (1992).

Participant HE CW Total

UIS 3 3 6
Non-experts 3 3 6
SWE 3 3  3a

Note. HE = Heuristic Evaluation; CW = Cognitive Walkthrough; UIS = usability interface
specialists; SWE = software engineers.

aOnly 3 SWEs were used. The same 3 participated in both the Heuristic Evaluation and
Cognitive Walkthrough condition.



Construct Validity and External Validity

The afore men tioned prob lem with the in ter nal va lid ity of se lec tion also re -
sults in a con found ing of treat ment con di tions. This prob lem, com bined with
the pre vi ously noted prob lems with sta tis ti cal con clu sion va lid ity, un der mine
the pos si bil ity of any thing but a lim ited gen er al iza tion of these find ings.

Summary of the Review of Desurvire et al. (1992)

It is ev i dent that the au thors were ea ger to share their re search and were
care ful to iden tify many im por tant ques tions. Un for tu nately, they failed to rec -
og nize the lim i ta tions of their study and based many strongly worded con clu -
sions on scant data. The pre req ui sites for an ex per i men tal study—sta tis ti cal
con clu sion va lid ity and in ter nal va lid ity—were se verely lack ing. Due to this
lack of pre req ui sites, we do not of fer a de tailed eval u a tion of the study’s con -
struct or ex ter nal va lid ity. We be lieve that there is noth ing that can be safely
con cluded re gard ing UEMs or ex per tise based on this study (see Fig ure 2 and
Fig ure 3; see Fig ure A-4 for a de tailed list of claims and va lid ity prob lems).

5.5. Nielsen and Phillips (1993)

Overview

Niel sen and Phil lips (1993) com pared (a) per for mance time es ti mates and
(b) the costs of four an a lytic UEMs and user test ing. The four an a lytic UEMs
were Cold, Warm, and Hot heu ris tic es ti mates11; and key stroke level mod el -
ing GOMS12 (KLM). They asked par tic i pants in each of the four an a lytic UEM 
con di tions to use that UEM to es ti mate the time it would take us ers to per form
tasks us ing two in ter faces (Di a log Box vs. Pop-Up Menu) to the same da ta base. 
Each par tic i pant in the Cold and KLM groups in de pend ently eval u ated the
sys tems based on writ ten spec i fi ca tions only. The Warm group based es ti -
mates on a pro to type of the Di a log Box in ter face and writ ten spec i fi ca tions of
the Pop-Up Menu in ter face. The Hot group used run ning pro to types of both
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11. Note that un like Heu ris tic Eval u a tion, heu ris tic es ti mates do not in volve the
use of a set of guide lines or, as far as we can tell from the text, any other in struc tions
from the ex per i ment ers; thus, we con sider the Cold, Warm, and Hot heu ris tic es ti -
mates to be a type of ex pert re view (see Fig ure 1).

12. KLM is the quick est to do, least the o ret i cally mo ti vated, and least ac cu rate of
the GOMS fam ily of anal y sis tech niques. Al though Niel sen and Phil lips (1993) re -
ferred to this in their pa per as GOMS anal y sis we re fer to it here as KLM to avoid con -
fus ing this with other types of GOMS anal y ses (e.g., see John & Kieras, 1996a,
1996b).



sys tems when pro duc ing their es ti mates. Time es ti mates ob tained from the
four an a lytic UEM groups were com pared to ac tual times for a user test group.

Based on the out comes of this study, the au thors drew con clu sions about
the rel a tive ef fec tive ness and costs of the UEMs, as well as their re li abil ity.
They also made claims about each UEM’s abil ity to sup port eval u a tors in
mak ing ab so lute and rel a tive es ti mates of sys tem us abil ity. How ever, weak -
nesses in their meth od ol ogy and anal y ses threat ened the va lid ity of many of
their claims.

Statistical Conclusion Validity

Sam ple Size. Groups ap pear to have been suf fi ciently large to avoid
the Wild card ef fect. There were 12 Cold, 10 Warm, 15 Hot, and 19 KLM
eval u a tors, and 20 par tic i pants in the user test.

Ap pro pri ate ness of Sta tis tics. For mal sta tis ti cal tests were not used;
that is, con clu sions in this study were based on an in spec tion of the means,
with out con sid er ing vari abil ity. In fact, the data were highly vari able and
the au thors’ own es ti mates (see their Ta ble 2) show that they would have
needed many more par tic i pants to es tab lish re li able mea sures of group per -
for mance. For ex am ple, the claim that “heu ris tic es ti mates were better in
the hot con di tion where es ti ma tors had ac cess to run ning ver sions of the
two in ter faces, than in the cold con di tion based on spec i fi ca tions only” (p.
221) is based an in spec tion of means with very high vari abil ity.

In de pend ence of Mea sures. The au thors as sessed the cost of each
UEM by com par ing the av er age time to com plete eval u a tions. Un for tu -
nately, as dis cussed in the fol low ing, the Warm group had prior ex pe ri ence
with the sys tem. Rec og nizing that this prior ex pe ri ence would have dis -
torted the es ti mates of how long it took the Warm group to per form the task,
the au thors used the av er age of the Cold and Hot group eval u a tion com ple -
tion times to as sign a com ple tion time to the Warm group. This as sign ment
of time to the Warm group vi o lated the sta tis ti cal con clu sion va lid ity as -
sump tion of in de pend ence of mea sures.

Internal Validity

Se lec tion. A gen eral se lec tion prob lem ex isted in that the ex per tise and
back ground of the KLM and the heu ris tic es ti ma tion groups were not
equiv a lent. “For all three heu ris tic es ti ma tion con di tions, the eval u a tors
were us abil ity spe cial ists with an av er age of nine years of us abil ity ex pe ri -
ence” (p. 217). For the KLM con di tion the eval u a tors were un der grad u ates
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do ing their sec ond KLM as sign ment at Lewis & Clark Col lege. Far from ex -
perts, half were psy chol ogy ma jors and the rest were Eng lish, art, phys ics,
and his tory ma jors (E. Nilsen, per sonal com mu ni ca tion, April 18, 1995).
(Note that some of these ob ser va tions have been made by John, 1994.)
Thus, any com par i sons be tween the KLM and heu ris tic es ti ma tions (e.g.,
“GOMS and heu ris tic es ti mates were about equal …, ” p. 221) are ques tion -
able.

In ad di tion, a spe cific se lec tion threat arose from dif fer ences be tween the heu -
ris tic es ti ma tion groups in prior ex pe ri ence with the sys tem be ing eval u ated.
Warm group UISs had com pleted a Heu ris tic Eval u a tion, rated se ver ity prob -
lems, and heard a com plete ex pla na tion of the full sys tem prior to par tic i pat -
ing in this study. All in all, they spent about 2½ hr on such ac tiv i ties. The other
groups had no prior ex po sure to the sys tem. The ef fect of this prior ex pe ri ence
on heu ris tic es ti ma tion is un known and makes any com par i son in volv ing the
Warm group sus pect.

Set tings. Dif fer ences in set ting were also likely threats to va lid ity. Con -
ducting eval u a tions in the Bellcore work place ver sus in a Lewis & Clark
Col lege dorm room must have been very dif fer ent ex pe ri ences that may
have af fected the find ings in in de ter min able ways. Again, this would have
af fected the va lid ity of com par i sons in volv ing the KLM group.

In stru men ta tion. The col lege stu dents in the KLM group were not
con sis tent in how they es ti mated the time it took them to do the eval u a tion.
Some of the stu dents in cluded time spent to “write a memo to their fic tional
man ager ex plain ing the ap proach and their rec om men da tions for the new
ap pli ca tion” and some did not (E. Nilsen, per sonal com mu ni ca tion, April
18, 1995). This is an in stru men ta tion prob lem that threat ens in ter nal va lid -
ity.

Construct Validity and External Validity

The prob lems noted pre vi ously with in ter nal va lid ity un der mine the pos si -
bil ity of any thing but a lim ited gen er al iza tion of these find ings.

Conclusion Validity

Niel sen and Phil lips (1993) claimed that “per for mance es ti mates from both
heu ris tic es ti ma tion and GOMS anal y ses are highly vari able” (p. 221). This
claim does not ap pear to be sup ported by their data. Al though out comes for
heu ris tic es ti ma tion do ap pear to be highly vari able, out comes for KLM anal y -
ses do not. If the au thors had in mind an im plicit com par i son with user test ing,
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then the vari abil ity of KLM es ti mates (with nov ice, KLM an a lysts) com pared
well with the vari abil ity of user test ing. From their Ta ble 1, we see that the
“Stan dard De vi a tions as % of Means” for the cold, warm, and hot heu ris tic es ti -
mate con di tions were 108%, 75%, 52%. In con trast, for KLM (shown in the ta -
ble as “GOMS”) and user test ing the ra tios were 19% and 17% (see John, 1994,
for a rep li ca tion of the KLM re sults). Al though it is clear that the heu ris tic es ti -
ma tions of ex perts in all three con di tions were highly vari able, the es ti mates
from KLM nov ices were not. Hence, the part of this claim that ap plies to the
KLM es ti mates is con tra dicted by the data.

Summary of the Review of Nielsen and Phillips (1993)

The au thors used enough par tic i pants to es ti mate vari abil ity and pro vided
es ti mates of this vari abil ity in their pre sen ta tion of the data. In fact, these vari -
abil ity es ti mates strongly sup port a point we have been try ing to make: Studies 
of HCI can not ig nore the Wild card ef fect. Nor mal, ran dom vari abil ity among
par tic i pants can re sult in highly vari able out comes, mak ing the com par i son of
tech niques dif fi cult.

Un for tu nately, the au thors failed to ac knowl edge the lim its that their highly 
vari able re sults placed on sta tis ti cal con clu sion va lid ity. Sev eral com par i sons
were made de spite un re li able es ti mates of group per for mance. In ad di tion, the 
au thors ap peared to rec og nize prob lems with se lec tion (both gen eral and spe -
cific) but failed to qual ify their state ments in the con clu sion sec tion. Con se -
quently, if time-pressed prac ti tio ners were to skip the body of this study and
sim ply read the con clu sions, they would be mis led.

We find the con clu sion that an a lytic UEMs are best used to make rel a tive
rather than ab so lute com par i sons to be con vinc ing. How ever, we dis agree
with the au thors re gard ing other claims. First, we be lieve that the Warm group
must be ig nored for rea sons dis cussed pre vi ously. Sec ond, the claim that there
are dif fer ences in the per for mance of the Cold ver sus the Hot heu ris tic es ti ma -
tion groups is not well sup ported—es pe cially if one were to con sider rel a tive
es ti mates rather than ab so lute es ti mates. Third, with the key fac tors of train ing
and ex per tise stacked against them, the KLM group did amaz ingly well.

5.6. Summary of the Reviews

Our dis heart en ing con clu sion is that each of these five in flu en tial stud ies
had prob lems in dem on strat ing cause-and-effect and gen er al ity—the rai son
d’être for us ing the ex per i men tal method (see Sec tion 3). All suf fered from im -
por tant prob lems with sta tis ti cal con clu sion va lid ity. Low power (too few par -
tic i pants), fail ure to con trol for the Wild card ef fect (by us ing the ap pro pri ate
sta tis ti cal tests), and the ten dency to yield to the al lure of re port ing nu mer ous
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“par tic u larly at trac tive dif fer ences” af flicted each of them to vary ing de grees.
How ever, even if we as sume that the dif fer ences re ported were real, our con fi -
dence in the in ter nal va lid ity of these stud ies is low. With the ex cep tion of
Karat et al., prob lems with set ting, in stru men ta tion, or se lec tion pro vide ex -
pla na tions of the re sults that ri val those pro posed by the re search ers.

Con clu sions re gard ing the gen er al ity of the find ings are not much brighter.
On the pos i tive side, we find lit tle to fault in how in di vid ual13 ex per i ment ers
han dled causal con struct va lid ity and one case, Karat et al., in which the is sues
of mono-operation and mono-method bias were di rectly ad dressed. In con -
trast, ef fect con struct va lid ity was much more prob lem atic; it is not clear that
what was be ing com pared across UEMs was their abil ity to as sess us abil ity (we 
have more to say about this in the next sec tion). How ever, if, de spite all of this,
we could ac cept the re ported re sults at their face value, we would not be able to 
gen er al ize be yond the spe cific per sons, set tings, and times used by the ex per i -
ment ers. The ex cep tion, again, is Karat et al., in which we would be will ing to
gen er al ize to other teams com posed of a mix ture of UISs, SWEs, and us ers.

To vary ing de grees, the re search ers en gaged in the prac tice of of fer ing ex -
pe ri ence-based ad vice in their sum mary and con clu sions sec tions. Un for tu -
nately, they did not take the care needed to dis tin guish such ex pe ri ence-based
ad vice from ex per i ment-based claims.

6. OBSERVATIONS AND RECOMMENDATIONS

Here we first dis cuss the most im por tant is sue fac ing us abil ity re search ers
and prac ti tio ners alike: the con struct of us abil ity it self. We then take a fi nal
look at the four types of va lid ity and the ten dency to draw con clu sions that are
ei ther be yond the scope of the study or con tra dicted by the data. For each
prob lem type we of fer rec om men da tions for avoid ing the prob lem and pro -
vide ex am ples drawn from lesser cited UEM stud ies in which such prob lems
have been avoided.

6.1. Predicting and Measuring Usability: Effect Construct
Validity

An a lytic UEMs ex am ine the in trin sic fea tures of an in ter face in an at tempt
to iden tify those that will af fect us abil ity (the pay off) in some way: er rors,
speed of use, dif fi culty of learn ing, and so forth. The de sired map ping for an a -
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13. As stated ear lier, we be lieve that most is sues of causal con struct va lid ity are
is sues that must be ad dressed by the field as a whole but not, nec es sar ily, within the
con text of a sin gle ex per i ment.



lytic UEMs is from fea tures-to-problems. Em pir i cal UEMs typ i cally be gin
with pay off mea sures and at tempt to re late these mea sures to in trin sic fea tures
of the in ter face that can be changed to elim i nate the pay off prob lem. The de -
sired map ping for em pir i cal UEMs is from prob lems-to-features. Al though it
has been shown that per for mance (pay offs) can be linked to de sign (or in trin -
sic) fea tures (see, e.g., Franzke, 1995; Gray et al., 1993), this cor re spon dence
can not be as sumed and the links must be care fully forged.

Hits, False Alarms, Misses, and Correct Rejections

It is a sure bet that no UEM is per fect; any UEM will de tect some prob lems
and miss oth ers. Fig ure 6 shows a de tec tion ta ble for a hy po thet i cal UEM. If
the UEM claims that A and B are prob lems, and they are: These are hits. If it
claims that they are prob lems, and they are not: These are false alarms. Like -
wise, if it claims that C and D are not prob lems, but in truth they are: These are
misses. Finally, if it claims they are not prob lems, and they are not: These are
cor rect re jec tions.

All four cells are im por tant. When our UEM claims that some thing is a
prob lem, how con fi dent are we that this claim is a hit rather than a false alarm?
Are we con fi dent enough to rec om mend (or in sist) that re sources be de voted
to fix ing this prob lem? Like wise, when our UEM says that C and D are not
prob lems, but, for ex am ple, some one else in the team (e.g., boss, mar keter,
SWE, etc.) thinks that they are, how con fi dent are we in say ing these are not
prob lems? The is sue fac ing the prac ti tio ner un der these cir cum stances is far
from ac a demic.

Un for tu nately, the prob lem-counting ap proach (used in all of the pre vi -
ously men tioned stud ies ex cept Niel sen and Phil lips) con flates the nam ing of
po ten tial prob lems with suc cess. This con fla tion is equiv a lent to sum ming hits
plus false alarms (the mid dle row in Fig ure 6), while ig nor ing misses and cor -
rect re jec tions (the bot tom row of Fig ure 6). For a UEM to be con sid ered re li -
able and valid, we need es ti mates of how it would fill in all cells in Fig ure 6.
This will not be an easy task.

Fig ure 6 is mis lead ing in that it im plies that we have ac cess to truth as the fi -
nal ar bi ter of us abil ity prob lems. Re al ity is more mud dled. Ideally, dif fer ent
UEMs would con verge in iden ti fy ing the same set of prob lems; in re al ity the
prob lem sets iden ti fied by two dif fer ent UEMs are only par tially over lap ping.
If UEM-A iden ti fies a prob lem not found by UEM-B, does this rep re sent a
false alarm for UEM-A or a miss for UEM-B? For ex am ple, Niel sen (1992)
stated that “heu ris tic eval u a tion picks up mi nor us abil ity prob lems that are of -
ten not even seen in ac tual user test ing” (p. 378). In his 1994 chap ter (Niel sen,
1994b), he claimed that “sev en teen of the 40 core us abil ity prob lems that had
been found by [H]euristic [E]val u a tion were con firmed by user test” (p. 45).
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He ar gued that prob lems not found were not false alarms for Heu ris tic Eval u a -
tion but were due to the char ac ter is tics of the us ers who were in volved in user
test ing. “It would there fore be im pos si ble to find these us abil ity prob lems by
user test ing with these us ers, but they are still us abil ity prob lems” (p. 46).

We have some sym pa thy for Niel sen’s ar gu ment, be cause we be lieve that
em pir i cal UEMs (i.e., most types of user test ing) have map ping prob lems of
their own. How ever, the only re search that we are aware of that has at tempted
to link spe cific in trin sic fea tures as iden ti fied by Heu ris tic Eval u a tion to spe -
cific pay offs was done by R. W. Bailey and as so ci ates. It yielded neg a tive con -
clu sions.

In two in de pend ent ex per i ments, R. W. Bailey and as so ci ates (R. W.
Bailey, Allan, & Raiello, 1992) per formed us abil ity tests on vari a tions of the
MANTEL sys tem that was orig i nally de vised by Molich and Niel sen (1990).
They con ducted user tests for five in ter faces. Five us ers par tic i pated in each of
the tests, mak ing five groups of 5 us ers. The first group used the orig i nal MAN -
TEL-prime sys tem (as built from the pub lished spec i fi ca tions); the fifth group
used the sys tem as re de signed by Molich and Niel sen to fix all 29 prob lems
iden ti fied by Heu ris tic Eval u a tion (again built from pub lished spec i fi ca tions;
MAN TEL-ideal).

Based on their ob ser va tions of the MAN TEL-prime group, the ex per i ment -
ers iden ti fied and fixed two us abil ity prob lems to cre ate MANTEL-2. Group 2
used MANTEL-2 and ob ser va tions of this group were used to iden tify and fix
two more prob lems, cre at ing MANTEL-3. Group 3 used MANTEL-3, re sult -
ing in the iden ti fi ca tion and fix of one more prob lem. MANTEL-4 was used by 
Group 4.

Ex per i ment 2 was sim i lar to Ex per i ment 1. A GUI MAN TEL-prime was
built and sub jected to Heu ris tic Eval u a tion. The 43 prob lems named by Heu -
ris tic Eval u a tion were used to build MAN TEL-ideal. MANTEL-2 in cor po -
rated two changes sug gested by user test ing of MAN TEL-prime. MANTEL-3
im proved on MANTEL-2 by fix ing 2 prob lems iden ti fied by user test ing and,
sim i larly, MANTEL-4 fixed 2 prob lems iden ti fied by MANTEL-3. Both stud -
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UEM Claims That . . . Real Problem Exists No Problem Exists

A & B are problems Hit False alarm
C & D are NOT problems Miss Correct rejection

Note. UEM = usability evaluation method.



ies found an im prove ment from MAN TEL-prime to MANTEL-2 and no im -
prove ment be tween MANTEL-2 and any other pro to type, in clud ing
MAN TEL-ideal. (A strength of this re port is that Ex per i ment 2 es sen tially rep -
li cates the Ex per i ment 1 find ings us ing a dif fer ent style of in ter face. This rep li -
ca tion greatly in creases the gen er al ity and con struct va lid ity of the find ings.)
Our big gest con cern with R. W. Bailey et al.’s (1992) study is their use of to tal
task time as the sole mea sure of per for mance. There may well be us abil ity
prob lems that Heu ris tic Eval u a tion is pick ing up but that are not re flected by
such a gross mea sure as to tal task time. How ever, this study stands alone as an
em pir i cal at tempt to val i date the rec om men da tions of Heu ris tic Eval u a tion.
As such, its pre dom i nately neg a tive con clu sions sug gests that Heu ris tic Eval u -
a tion may name many more false alarms than hits.

Tokens, Types, and Categories of Usability Problems

The is sue of map ping in trin sic fea tures to pay offs and pay offs to in trin sic
fea tures is not the only one that threat ens the va lid ity of the us abil ity ef fect con -
struct. An other is sue arises from the at tempt to clas sify large num bers of in di -
vid ual prob lem to kens (e.g., an er ror caused by a user se lect ing the wrong
menu item) into a small num ber of prob lem cat e go ries or types (e.g., “Be con -
sis tent”).

To the na ive ob server it might seem ob vi ous that the field of HCI would
have a set of com mon cat e go ries with which to dis cuss one of its most ba sic
con cepts: us abil ity. We do not. In stead we have a hodge podge col lec tion of
do-it-yourself cat e go ries and var i ous col lec tions of rules-of-thumb. Our sur vey of
re cent UEM-comparison stud ies re veals three types of prob lem cat e go ries:
those cre ated in the course of the study by the re search ers to ac count for the
data they had col lected (Jeffries et al., 1991; Karat et al., 1992; Smilowitz,
Darnell, & Benson, 1993; Virzi, 1992), es tab lished lists of guide lines or
heuristics that ex ist in the open lit er a ture (Desurvire et al., 1992; Desurvire &
Thomas, 1993; Niel sen, 1992), and one based on the ory (Cuomo & Bowen,
1994).

De veloping a com mon cat e go ri za tion scheme, pref er a bly one grounded in
the ory, would al low us to com pare types of us abil ity prob lems across dif fer ent
types of soft ware and in ter faces. How ever, al though such cat e go ries may be a
boon to the re searcher, they may be of lim ited util ity to the prac ti tio ner. For ex -
am ple, John and Mashyna (1997) ar gued that at tempts to cat e go rize us abil ity
prob lems have lead us to over es ti mate the suc cess of UEMs. In a care fully an a -
lyzed case study, John com pared the prob lems found by a Cog ni tive
Walkthrough with those iden ti fied by user test ing. Cog ni tive Walkthrough
found 18 prob lems that could have been found by user test ing. In con trast, user
test ing found 37 prob lems that could have been found by Cog ni tive
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Walkthrough. Out of this set of po ten tial prob lems, only 2 were the same. There 
were 16 prob lems iden ti fied by Cog ni tive Walkthrough that were not ob served 
in user test ing and 35 prob lems ob served in user test ing that were not pre dicted
by Cog ni tive Walkthrough. John ar gued that the prac tice of re duc ing prob lem
to kens to prob lem types or cat e go ries may mis lead us into be liev ing that dif fer -
ent UEMs have a higher level of agree ment than they ac tu ally do. She fur ther
ar gued that know ing what prob lem types an in ter face has is not re ally use ful for
de vel op ers. De vel opers need to know the spe cific prob lem (e.g., a prob lem
with an item in a par tic u lar menu) and not the gen eral one (e.g., “there are menu
prob lems” or “speak the us ers’ lan guage”). John’s ar gu ments high light yet an -
other threat to the con struct va lid ity of com mon mea sures of us abil ity.

Convergent Measures

At tempts to de rive a clear and crisp def i ni tion of us abil ity can be aptly com -
pared to at tempts to nail a blob of Jell-O to the wall. Rather than at tempt ing to
find the one best mea sure, we ad vo cate ap proaches that at tempt to get at us -
abil ity by mul ti ple con verg ing mea sures. Of the re search with which we are fa -
mil iar, two ef forts stand out. The first, by G. D. Bailey (1992, 1993), used six
DVs to mea sure the over all us abil ity of var i ous in ter face de signs. The sec ond,
by Virzi and as so ci ates (Virzi et al., 1993), com pared Heu ris tic Eval u a tion
done by dou ble ex perts,14 think-aloud user test ing, and per for mance-based
user test ing in an at tempt to iden tify in di vid ual us abil ity prob lems.

The tech niques used in Virzi’s per for mance-based con di tion were those ad -
vo cated by Landauer (1988). Users were asked to com plete each task as
quickly and ac cu rately as they could, with out talk ing aloud. The ac tual times
taken by these par tic i pants were com pared with ideal times (the time needed
to com plete tasks with out er ror). To iden tify prob lems the re search ers “looked 
for tasks and subtask times with high vari abil ity and for those that took lon ger
than the ‘ideal lis tener’ times” (Virzi et al., 1993, p. 311). As shown by Franzke
(1994, 1995) this tech nique seems es pe cially well suited to trans form time
from a rough, over all mea sure of per for mance to a tool that fo cuses at ten tion
on the most prob lem atic as pects of an in ter face. Such microanalyses of pay off,
when used in con junc tion with an a lytic UEMs, should fa cil i tate the at tempt to
map prob lems-to-features as well as fea tures-to-problems.

Effect Construct Validity: Recommendations

The is sues sur round ing the con struct va lid ity of ef fect are vi tally im por tant
to the suc cess of the UEM en ter prise. Elu ci dating these is sues should be a top
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pri or ity of HCI the o rists, and de riv ing re li able and valid means of de tect ing
and clas si fy ing us abil ity prob lems should be a ma jor con cern of the HCI re -
search com mu nity. Re searchers con cerned with the ef fec tive ness of an a lytic
UEMs must seek to re late in trin sic at trib utes to us abil ity pay offs. In val i dat ing
these re la tions, we should seek the con ver gence of mul ti ple per for mance mea -
sures. Be cause we have no easy way of know ing truth, these mea sures must be
care fully and pains tak ingly an a lyzed for ev i dence that var i ous an a lytic and
em pir i cal UEMs do in deed con verge on the same set of us abil ity prob lems.
Ex am ples of the types of anal y ses that we be lieve will be fruit ful in this en -
deavor are pro vided by Virzi et al. (1993) and Franzke (1994, 1995). Such re -
search is not quick or easy to do. How ever, if the HCI re search com mu nity is
to pro vide HCI prac ti tio ners with UEMs that are re li able and valid, as well as
quick and easy, then these are costs that we must be pre pared to ac cept.

6.2. Recommendations for Addressing
the Four Types of Validity

Statistical Conclusion Validity

The rec om men da tions in this sec tion are sim ple to state: Most prob lems
with sta tis ti cal con clu sion va lid ity could be avoided by us ing a larger sam ple
size or us ing mul ti ple mea sures from each UIS (or SWE) col lected over sev eral 
ses sions.15 The un der ly ing is sue is how to make the most of a lim ited ac cess to
soft ware de vel op ers, pro gram mers, and hu man fac tors ex perts at most sites.
The stud ies that had the most prob lems with sta tis ti cal con clu sion va lid ity
tried to test too many con di tions at once; how ever, al ter na tives ex ist. Nar -
rowing the scope of the study by re duc ing the num ber of UEMs tested is the
quick est way to in crease sam ple size and de crease prob lems with sta tis ti cal
con clu sion va lid ity. An ex am ple of a well-conducted study with a small sam -
ple size is pro vided by G. D. Bailey (1993). G. D. Bailey’s fo cused study
brought mul ti ple mea sures of us abil ity (as dis cussed in Sec tion 6.1) to bear on
ex am in ing one ques tion: Does the us abil ity of in ter faces that were de signed by 
pro gram mers dif fer from those de signed by hu man fac tors spe cial ists? To an -
swer this ques tion, he col lected data from 4 UISs and 4 SWEs over sev eral ses -
sions. Each par tic i pant in de pend ently built pro to types of the same sys tem.
Af ter each de clared his or her pro to type ready, it was tested with three us ers.
The vid eo tape of each us abil ity test ses sion was pro vided to the de signer with -
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out com ment and with out in ter pre ta tion. Each de signer then re de signed and
re tested the pro to type. This cy cle con tin ued un til each de signer called it quits.
Be tween three and five de signs were de vel oped by each de signer and tested
with 3 new user test par tic i pants on each it er a tion. This study yielded com par i -
sons that were sta tis ti cally re li able and valid with only 4 par tic i pants per each
of the two con di tions (UIS or SWE).

An other so lu tion to the prob lem of lim ited ac cess to soft ware de vel op ers,
pro gram mers, and hu man fac tors ex perts is to use a small num ber of par tic i -
pants in each ex per i ment but to rep li cate that ex per i ment with dif fer ent par tic -
i pants and, per haps, dif fer ent soft ware sys tems. This last strat egy has the
con com i tant ef fect of in creas ing our con fi dence in in ter nal va lid ity, con struct
va lid ity, and ex ter nal va lid ity. (Vari a tions of this strat egy were im ple mented
by R. W. Bailey et al., 1992, as well as by Karat et al., 1992.)

Ideally, nar row ing the scope of the study would re sult in more fo cused
ques tions. Rather than broadly ask ing whether UEM-A is better than UEM-B,
the ques tion might be come, Does UEM-A find more feed back prob lems in
walk-up and use in ter faces than UEM-B? A ben e fi cial out come of such a fo cus
might be the use of mul ti ple de pend ent mea sures (more than one way of mea -
sur ing the ef fect con struct) and the avoid ance of op por tu nis tic un planned
com par i sons that cap i tal ize on chance fac tors. In any event, re search ers and
prac ti tio ners should keep in mind that, if an ef fect is too un sta ble for sta tis tics
to show a sig nif i cant dif fer ence, then it is too un sta ble to be re lied on as guid -
ance when se lect ing UEMs.

Internal Validity

With a large enough sam ple of par tic i pants, se lec tion prob lems can be
avoided by en sur ing that par tic i pants from the same par tic i pant pool are ran -
domly as signed to con di tions. In stud ies in which dif fer ences among par tic i -
pants is the in de pend ent vari able (e.g., ex per tise), care must be taken to en sure 
that all else (e.g., train ing on the UEM, ex pe ri ence with the soft ware or sys tem
be ing eval u ated, etc.) is equiv a lent.

In stru men ta tion prob lems can be avoided by treat ing the iden ti fi ca tion, cat e -
go ri za tion, and se ver ity rat ing of us abil ity prob lems with the same ex per i men -
tal rigor called for in other parts of the de sign. One way to re duce
in stru men ta tion prob lems is to have mul ti ple blind rat ers (peo ple other than
the ex per i ment ers) cat e go rize and rate prob lems. In the ideal case, the rat ers
would not have knowl edge of ei ther the con di tions or par tic i pants. In ad di -
tion, the or der in which prob lems are rated should be ran dom ized or care fully
coun ter bal anced across rat ers. Mea sures of interrater re li abil ity, such as Co -
hen’s Kappa, also should be com puted and re ported.
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Prob lems with set ting can be avoided sim ply by en sur ing that all par tic i -
pants in each UEM con di tion per form the ex per i ment un der the same con di -
tions and in the same lo ca tion. If cir cum stances do not per mit hold ing
con di tions and lo ca tion con stant, then care must be taken to en sure that each
UEM is tested equally of ten in each con di tion–lo ca tion com bi na tion. For ex -
am ple, in an at tempt to test 10 UISs on each of two UEMs, we could imag ine
re cruit ing 8 UISs from one com pany, 8 from an other, and 4 from a third, with
each UEM be ing tested on-site. How ever, be cause the con di tion–lo ca tion var -
ies be tween com pa nies, to be in ter nally valid we would want to use an equal
num ber of UISs from each com pany in each UEM group.

Causal Construct Validity

Di rectly com par ing dif fer ent ways of us ing a sin gle UEM (mono-operation
bias) or the ef fec tive ness of a UEM with dif fer ent types of soft ware
(mono-method bias) is more of a con cern for the field as a whole than for in di -
vid ual re search ers. (How ever, see R. W. Bailey et al., 1992, and Karat et al.,
1992, for ex am ples of how to ad dress these con cerns in a sin gle study.) The
prime re spon si bil ity of in di vid ual re search ers on these is sues is to pro vide ex -
plicit in for ma tion about the ex act op er a tions and meth ods used.

If only one vari ant of a UEM is used (e.g., Heu ris tic Eval u a tion done by a
small group of SWEs), the in di vid ual re search ers must be ex plicit about the
ex act pro ce dures used. Readers must be aware that ter mi nol ogy changes over
time. They must care fully check the study’s method sec tion to make sure that
the way in which the UEM was instantiated and ap plied ac cords with their un -
der stand ing of the UEM.

If only one soft ware pack age is used, the re search ers should try to char ac -
ter ize it in terms of its use-characteristics. Ideally, this in for ma tion would be suf fi -
cient to al low other re search ers and prac ti tio ners to com pare their soft ware to
that used in the re port. For ex am ple, know ing that the UEM has been tested
us ing a nonvisual, au di tory menu to a voice mail sys tem may cause the re -
searcher or prac ti tio ner to be cau tious about ap ply ing the UEM to a real-time,
safety-critical, dis play-based com mand and con trol sys tem. At tempts such as
Olson and Moran’s (1996) to char ac ter ize when, why, and how to use UEMs
are a start. How ever, we need a more thor ough clas si fi ca tion of
use-characteristics. We might model our ef forts af ter Green’s (1989), who at -
tempted to dis cern the un der ly ing cog ni tive di men sions on which soft ware
use may vary. The is sue of the cog ni tive di men sions of soft ware use is a con -
struct va lid ity is sue and one in which HCI the o rists can serve both HCI re -
search ers and prac ti tio ners.

The prob lem of con found ing, or the in ter ac tion of dif fer ent treat ments, de -
serves sep a rate men tion. The most highly rec om mended cure is to use in de -
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pend ent groups of par tic i pants so that each group is ex posed to just one
treat ment (or UEM). If the same par tic i pants are ex posed to more than one
treat ment, then the stan dard op er at ing pro ce dure of ex per i men tal de sign is to
coun ter bal ance. In coun ter bal anc ing, each treat ment is equally likely to oc cur
first, sec ond, or third and ex plicit sta tis ti cal tests can be con ducted to de ter -
mine if treat ment type in ter acts with treat ment or der (though see, Poulton,
1982, for a dis cus sion of cases in which coun ter bal anc ing does not pre vent in -
ter ac tions among treat ments).

External Validity

Ex ter nal va lid ity is an other threat that is more of a con cern for the
field-as-a-whole than for in di vid ual re search ers. The stan dard so lu tion to con -
cerns with ex ter nal va lid ity is rep li ca tion. If a find ing can be rep li cated, ei ther
by the orig i nal ex per i ment ers or by a dif fer ent set of ex per i ment ers, then its
ex ter nal va lid ity is bol stered. How ever, un til rep li ca tion has in creased our
con fi dence about the range of eval u a tors, set tings, and con di tions to which the
re sults gen er al ize, the re spon si bil ity of in di vid ual re search ers is to ex plic itly
note the pos si ble re stric tions to the scope of their find ings.

Some might ar gue that, to af fect prac tice, con clu sions must be strongly
stated: Oth er wise prac ti tio ners will in ter pret the qual i fi ca tions as doubt and ig -
nore some very fruit ful tech niques. We ar gue that if a study leads a prac ti tio ner 
to make a false gen er al iza tion, and if this gen er al iza tion has neg a tive con se -
quences, then the cred i bil ity of the re search en ter prise (and the rec om mended 
UEM) are dam aged se verely.

Conclusion Validity

Many of the stud ies re viewed showed a ten dency to go be yond their data in
of fer ing ad vice about how to do us abil ity stud ies. In deed, this prac tice was
stoutly de fended by a re viewer of an ear lier ver sion of this ar ti cle. Al though we 
can think of no de fense for in tro duc ing con tra dicted con clu sions (con clu sions not
sup ported by the re sults of the study) into a pa per, we do be lieve that the in ten -
tions of those who went be yond their data (mak ing claims not in ves ti gated in the
study) to of fer ad vice are good. Their added ad vice rep re sents at tempts to
share nonexperimentally ac quired ex pe ri ence and ex per tise with prac ti tio -
ners. Un for tu nately, most of the re search ers who have done this have not
clearly and ex plic itly sep a rated their ex per i ment-based claims from their ex -
pe ri ence-based ad vice. A no ta ble ex cep tion to this ten dency is pro vided by
Virzi et al. (1993). Al though they do not hes i tate to of fer ad vice, their dis cus -
sion of the is sues care fully sep a rates ex pe ri ence-based ad vice from ex per i -
ment-based claims. We can only re it er ate our ear lier state ment: Un less such
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care is taken, the ad vice may be un der stood as re search find ings rather than the
re searcher opin ion that it is.

6.3. Summary of Observations and Recommendations

Studies of UEMs suf fer from all four types of Cook and Camp bell (1979) va -
lid ity. The good news is that none of the prob lems we found are unique to HCI
and all can be over come, or at least mit i gated, by fol low ing stan dard, be hav -
ioral sci ence con ven tions for ex per i men tal de sign and anal y sis.

Prob lems with the two types of cause–ef fect va lid ity (sta tis ti cal con clu sion
va lid ity and in ter nal va lid ity) can be re solved by in di vid ual re search ers pay -
ing more at ten tion to meth od olog i cal and sta tis ti cal con cerns. Like wise, many
con cerns with gen er al iza tion (con struct va lid ity and ex ter nal va lid ity) as well
as the ten dency to go be yond the data in re port ing con clu sions can be han dled
by fol low ing well-known ex per i men tal de sign con sid er ations and re port ing
con ven tions.

We dwelt on prob lems with the con struct va lid ity of ef fect—that is, ways of
mea sur ing us abil ity. The stud ies we re viewed em pha sized the prob lem-count
ap proach to us abil ity with the goal (im plicit or ex plicit) of pro vid ing fo cused
feed back to soft ware de sign ers on spe cific prob lems that if fixed would in -
crease us abil ity. Un for tu nately, by ig nor ing threats to the ef fect con struct, the
mes sage that these stud ies con vey is an er ro ne ous one—namely, the UEM
that names the most po ten tial prob lems is the most ef fec tive. If prac ti tio ners
are to use such quick and easy mea sures with con fi dence, then links be tween
in ter face fea tures and per for mance out comes must be care fully forged.

7. CONCLUSIONS

The mul ti tude of em pir i cal meth od ol o gies is a strength of the HCI re search
com mu nity, and one of our most po tent meth od ol o gies is the ex per i men tal
method. With Cook and Camp bell (1979) we be lieve that “the unique pur pose 
of ex per i ments is to pro vide stron ger tests of causal hy poth e ses than is per mit -
ted by other forms of re search” (p. 83). Our re view has un earthed no in her ent
ob sta cle to ap ply ing the ex per i men tal method to HCI top ics. We draw two
broad con clu sions from our re view.

Our first con clu sion con cerns the two forms of cause–ef fect va lid ity: sta tis ti -
cal con clu sion va lid ity and in ter nal va lid ity. The pa pers we re viewed have
adopted meth ods and sta tis ti cal tests that are in ad e quate to dem on strate cause
and ef fect. Some might ar gue that this dem on strates the dif fi culty of do ing
well-controlled re search in an ap plied set ting. Al though such re search might
be dif fi cult to con duct, sev eral less in flu en tial stud ies (e.g., G. D. Bailey, 1993;
R. W. Bailey et al., 1992; Smilowitz et al., 1993; Virzi et al., 1993) avoid such
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fail ings, dem on strat ing that it is not im pos si ble. The scope of these less in flu en -
tial stud ies seems to be smaller than the scope of the five stud ies we re viewed;
un for tu nately, the broader scope may be the ba sis for the ap peal of the lat ter.

It has been sug gested to us that hav ing some in for ma tion is pref er a ble to
hav ing no in for ma tion even when that in for ma tion is bad. This is an ar gu ment
that we sim ply do not un der stand. If ei ther of us were still prac ti tio ners and
were still re spon si ble for con vinc ing oth ers what changes to make and what
things to leave alone, we are con vinced that we would rather rely on our own
ex pert judg ment than to base de ci sions on in for ma tion that we knew to be bad.

Our sec ond con clu sion is a two fold one con cern ing gen er al ity, pri mar ily the
con struct va lid ity of ef fect. First, in most of the stud ies we re viewed, us abil ity
was treated as a mono lithic, atheoretical con struct. How ever, us abil ity pays off 
by in creas ing per for mance on one or more out comes of in ter est. These out comes
of in ter est vary de pend ing on the peo ple and the task. For ex am ple, the out -
comes of in ter est for safety-critical sys tems are very dif fer ent than those for
ATMs or video games. Sec ond, the name of the game for an a lytic UEMs is to
pre dict us abil ity pay offs (e.g., time on task) from an ex am i na tion of in trin sic
fea tures (e.g., menu or ga ni za tion). How ever, there is not a one-to-one cor re -
spon dence be tween the two. In deed, cor re spon dence can not be as sumed but
is a the o ret i cal ques tion to be re solved by em pir i cal meth ods.

An in ter est in the de sign of in ter faces has been a per sis tent HCI topic; an in -
ter est in the de sign of ex per i ments has not. In this re view, we have at tempted
to show the im por tance of ex per i men tal de sign for the HCI com mu nity. Small 
prob lems in how an ex per i ment was de signed and con ducted have been
shown to have large ef fects on what we could le git i mately con clude from its
out comes. If the out comes of these ex per i ments were triv ial, then such small
prob lems could be safely ig nored. We be lieve that these out comes are im por -
tant; it is im por tant to know the re la tion be tween in trin sic fea tures and per for -
mance pay offs; it is im por tant to know about a UEM’s ten dency to name hits
ver sus false alarms, to de clare that a fea ture does not pres ent a prob lem (cor -
rect re jec tion) ver sus miss ing fea tures that do pres ent prob lems; and it is im -
por tant to know what types of UEMs work best in eval u at ing which types of
soft ware sys tems. The ex per i men tal method is a po tent ve hi cle that can be
brought to bear to ad dress these and other core HCI is sues. How ever, to ob -
tain these de sired pay offs, we must pay close at ten tion to in trin sic fea tures of
ex per i men tal de sign.
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