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The present paper addresses the problems of whether recognition failure of recallable words is a
function of both recognition and recall, and whether recognition failure is restricted to a small and
specifiable subset of study items. A meta-analysis of the Nilsson-Gardiner database (Nilsson & Gar-
diner, 1993) showed that recognition given recall was positively correlated with recognition and nega-
tively correlated with recall. Two new experiments are reported, the first one using 48 word pairs for
which recognition failure was found in previous studies. An item analysis of the data demonstrated that
recognition failure occurred primarily with noun-adjective pairs. The second experiment compared
Norwegian-American and American-Norwegian name pairs. Wide deviation from the Tulving-Wiseman
function (Tulving & Wiseman, 1975 was observed for the latter condition. In both conditions, recog-
nition failure occurred with only the ite ms for which the beginnings of names shared three or more let-
ters. [t is concluded that recognition failure occurs when there exists a relationship between the mem-
bers of an A-B paur that is independent of their pairing in the study context. The Tulving-Wiseman

function is the result of collapsing across items i the anadvsis of previous studies.
A p

Both remembering and forgetting are imperfect phe-
nomena. A list item that is forgotten on one occasion may
be remembered on a later occasion, Tulving and his col-
feagues (Tulvira, 1983) have contributed many studies
ot such fluctuations in retrieval that make use of a common
experimental paradigm. a procedure that has been called
the recognition-failure paradigm. 1w this paradigm, sub-
jects study a list of paired. A B. items te.g.. cahbuge
round). After a certain retention interval, they are given
arecognition test for the B words (e.g.. round) in the ab-
sence of the A words. This is followed by a cued recall test
in which they are given A (e.g.. cabbuge) and asked *o re-
trieve B. Tulving found that a certain proportion of th.c 8
words that were not recognized when used as targets an
the recognition test were nevertheless recalled in re-
sponse to their corresponding A word in the cued recall
test. This tinding i1s commonly referred to as recognition
railure of recailable words, or just recognition failure.
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Tulving (1983) orgamized the results of experiments
using the recognition-farbure paradigm 2 ¢ 2 conun-
geney tables categonzed according 1o success and failure
mrecogmition (RN)Y and success and failure in recalt (RO)H.
Such tables give 4 unconditional and & conditional prob-
abilitics. The relation betwecn recognition and recall 1s
generally expressed by the conditional probability of rec-
ognttion given recall, P(RN - RC). This measure. which is
also called recognition success. is of course the comple-
ment of 2(nRN|RC) (i.c.. recognition failure of recall-
able words). Tulving and Wiseman (1975) reported that
recognition suceess was related to the unconditional prob-
ability of recognition, P(RN). On the basis of a meta-
analysis of the results of 40 conditions from 12 experi-
ments using the recognition-failure paradigm, Tulving
and Wiseman described the relationship by the follow-
ing equation:

P(RN(RC) = P(RN)+ 5[P(RN) — P(RN)]. (1)

Subsequent research expanded the database for this
function to aver 300 studies (Nilsson & Gardiner, 1993).
When data in the Nilsson~Gardiner (N-G) database were
plotted in thie Tulving-Wiseman (TW) graph space (i.e.,
with recognition success as the y-ordinate and probability
of recognition as the x-abscissa), 92% of the data points
conformed to the function. Therefore, some researchers
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{Cohen, 1985; Jones, 1984; Nilsson, Law, & Tulving,
1088) have treated the TW function as an empirical taw.
Many other researchers (e.g., Arlemalm, 1996; Flexser
& Tulving, 1978; Gardiner & Nilsson, 1993: Tulving,
1983) relied on the meta-analysis of either the TW or the
N-G database to claim that recognition is the sole deter-
minant of recognition success. In other words, the assump-
tion is that recognition success is not significantly cor-
related with the probability of recall.

Before proceeding to a meta-analysis of the N-G
database, we will comment on Nilsson and Gardiner’s
(1993} criterton of agreement with the TW function. To
distinguish between natural variations of recognition
success and “deviations that can be regarded as abnor-
mally large and falling outside the normal range”
{p. 398), they proposed a critical ratio (CR) measure.
which is the ratio of a single difference score (i.c.. letting
RS = recognition success, DevTW = observed RS ~
predicted RS) and the standard deviation for all these
scores in the database. For a confidence interval of 90,
the CR is 1.64. which 1s reached by a DevTW ot 1312,
Atotal 0f 92% of the DevTWs in the N-G databasc were
betow this value and, hence, were said to agree with the
TW function.

1f we use a more conservative method, which creates
narrower confidence intervals, then of course more data
points are outside of their bounds. For example, Muter
(1978), by way of a normal approximation to the bino-
mial distribution, defined the significance of a differ-
ence scoreasz = DevTW/ {[predicted RS {1 — predicted
RS)}N 12, where N is the number of items recalled (see
also Neely & Payne, 1983). According to this definition
onlv 67% of the conditions in the N-G database yielded
DevTWs within a 90% confidence interval.

However, any test of the TW function that merely de-
termines whether the observed data points fall within the
confidence intervals of the points predicted by the func-
non is ultimately less stringent than a test of the amount
of vanance that the TW function accounts for in the ob-
served data points. A test of the fit of the TW function to
the data points by itself is less interesting than a compar-
1son of the amount of variance explained by the TW func-
tion with the amount explained by other plausible func-
nons. Here. we will be most concerned with whether the
TW function accounts for more varniance than other func-
nons that include recall.

The claim that the TW function is an accurate descrip-
tion of the relationship between recognition success and
recognition has not escaped controversy. Hintzman (1992)
and Riefer and Batchelder (1995) have argued that the
TW function does not adequately describe the data at low
levels of recall. Partly in response to this type of criticism,
Gardiner and Nilsson (1990, 1993) have acknowledged
that there are two categories of exceptions to the law
encoding exceptions and retrieval exceptions  which
occur at low and high levels of recall. respectively. I'n-
coding exceptions occur whenever the A terms are so

weakly encoded as to make the cued recall test function-
ally like one of free recall. Retrieval exceptions occur
when the cued recall test, due to informational overlap
between the A and B terms, has turned into one of “cued
recognition” (Gardiner, 1994).

Hintzman’s (1987, 1992) more recent specific objec-
tions were initially made more generally in Hintzman
(1980). Hintzman (1980) showed that a contingent rela-
tion such as that shown by the TW function (i.e., that
recognition success is a function of recognition), could
appear in a subjectwise analysis of a data set even if it
were true for a few or none of the individual items in the
data set. Nevertheless. despite his more recent objections.
Hintzman has not shown that the TW function holds for
only some of the items 1n the typical recognition-failure
experiment. which has allowed Hayman and Tulving (1989)
1o characterize these objections as merely theoretical,

The purpose of the present siudy was to further broaden
both the sophistication of the data analysis and the data-
base on which an understanding of recognition faifure is
based in order to determine its generality across items.
To this end, we performed a new meta-analysis of the N G
database. as well as two new experiments. Experiment |
used the same word pairs for which recognition failure
has been previously demonstrated. In contrast, Experi-
ment 2 used names simtlar to those for which recognition
failure has not been found.

META-ANALYSIS OF THE
NILSSON-GARDINER DATABASE

Consider the list of candidate variables for predictors
of P(RN|RC). The most obvious candidates are P(RN)
and P(RC). An analysis of 300 cases in the N-G database
(excluding cases 103 and 133, as suggested by Nilsson &
Gardiner, {993) shows that P(RN|RC) correlates » = .90,
confidence interval (Cl) 95% = (.88, .92) with P(RN),
whereas the correlation between P(RN|RC)and P(RC) s
a negligible r = .06, C1 95% = (—.05, .17). However,
since P(RN) was so strongly correlated with /(RN {RC),
1t had the potential to act as a suppressor variable for a
negative correlation between recall and recognition suc-
cess. In fact, when we removed the correlation between
P(RNiRC) and P(RN). there was a significant parnal
correlation between P(RN RC)yand P(RCYofr = —.50,
(1 95% = (4%, .58). Furthermore. since Gardiner and
Nilsson (1990, 1993) have argued that cases in which
P(RC)Y 18 Tow are actually encoding exceptions to the TW
function. we performed an additional analysis in which
cases of P(RC) < .10 were excluded. In this analysis. the
partial correlation between P(RC) and P(RNIRC) was
r = —.56,CI95% = (.48, .63). P(RN)and P(RC) wcre
used to predict P(RN RC) in a stepwise multiple re-
gresston analysis. A significance level of p < .05 was set
for betas in this and the tollowing regression analysis. In
this analysis. P(RN) and P(RC) entered the equation
with significant betas of .98 and - .26, respectively. When



P(RC) entered the equation in Step 2. it added 6% to the
cxplained variance, The final analysis yielded Equa-
ton 2 below, which accounted for 87% of the variance.

P(RN{RC) = 28 + 98P(RN) — .26 P(RC). (2

Since the above analysis shows that both P/(RN) and
P(RCY are predictor variables of recogmuon success. esu-
mated curves for data points refating A(RN{RC) to P(RN)
will have different parameters depending on level of recall.
We. therefore, made separate plots of P(RNRC) versus
P(RN) for two ranges of recall in the N-G database (again
excluding cases 103 and 133). Figure [ A shows P(RN{RC)
plotted as a function of P(RN) for P(RC) £ .40. This graph
1s based on 77 conditions in the database. A total of 33, or
42.8%. of these cases yielded a Neely and Payne (1983) z
above 1.65. Figure 1B shows the same function for P(RC) >
40. This graph is based on 223 conditions. A total of 29, or
13%. of them yielded a z above 1.65. In both graphs, we
have estimated curves according to a linear and a quadratic
model. Figure 1C shows the two sets of curves for P(RC) £
40 and P(RC) > .40 combined. The two sets of curves do
not coincide. The same difference between the curve sets
appears when cut-off points are chosen | standard devia-

A: Recall score <=.40
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tion (SD) below and | SD above the mean recall score. No-
tice that the tinear curve tor P(RC) £ .40 has a higher in-
tercept with the ordinate than does the corresponding
curve for P(RC) > 30, indicaning a higher dependence be-
tween recognition and recall for the lower range of recall.
Itappears from the Figures 1A and 1B that when the effect
ol PIRC ) 1s accounted for, a hnear tunction may fit the data
cqually well. In fact. the correlation between the values pre-
dicted by Equation 2 and the observed recognition success
was » = .93, C195% = (.91, .94), whereas the correlation
between the values according to the TW function predicted
by Equation | and the observed values was r = .90, Cl
95% = (.87, .92).

Another way of examining the data is by plotting the
absolute deviation from the TW function (DevTW) as a
function of P(RC). That is. the v-axis contains the differ-
ence between the value of P(RN | RC) predicted from the
TW function, Equation 1 above, and the obtained value.
This plot is shown in Figure 2, which also includes an
estimated curve relating the two variables. If recall does
not affect the degree of conformity with the TW function,
the curve would run parallel with the x-axis, and, granted
perfect validity of the TW function, the curve would have

B: Recall score >.40
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Figure 1. ARN|RC) as a function of P(RN) for two levels of recall in the Nilsson—Gardiner
database (Nilsson & Gardiner, 1993). Curves are estimated according to a linear and a qua-

dratic model.
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Dev. from TW function

Figure 2. Linear curve estimation of deviation from the Tulving—
Wiseman function plotted against P(RC).

an intercept of 0. However, the plot shows that low levels
of recall are associated with positive deviations from the
TW function, whereas high levels of recall may be asso-
ciated with negative deviations from this function, reflect-
mg the tailure of the TW function to take the negative cor-
relation between P(RC) and A(RN|RC) into account.
However. before we are ready to reject the TW function
as an adequate description of the data, we must acknow |-
edge that the argument we have presented with respect to
the role of P(RC) in recognition-failure experiments is
merely based on meta-analysis of the N-G database. It is
constrained by the logic of interexperiment comparisons.
So let us next examine the relationships among P(RN i RC),
P(RN). and P(RC) for data collected in a single experiment.

EXPERIMENT 1

The objective of Experiment | was to replicate a typ-
ical recognition-failure study in order to obtain data for
our analysis. We, therefore, made use of the two lists of
word pairs included in Tulving and Thomson's (1973)
study and again in Watkins and Tulving's (1975) study.
Both lists consisted of 24 weakly associated A-B terms.
The 48 word pairs were translated into Norwegian with
some minor adaptations to maintain a pattern of weak as-
sociations throughout the extended list.

Method

Subjects. Thirty-six students from the University of Oslo vol-
unteered for participation in the experiment. The mean age of the
<ubjects was 28 vears (range = 20-30 vears). Al subjects were na-
tive speakers of Norwegian.

Materials and Procedure. Two study lists were created by ran-
domizing the 48 pairs of words twice. Preexperimentallv, S0 other
subjects rated the degree of association between the words of a pair
on a d-point scale. with | forweakhyv asvociared . 2 Yor somewhiar as-
woctated, and X or soronglv axsocrared The English and Nomwegian
versions of the 48 word patrs and the mean association rating for
cach of these pairs arc presented in Appendix A.

In each of the study lists, the A terms were written 1n lowercase
and the B terms in uppercase letters. In the study task. the pairs were
presented in equally sized columns on two pages. A test of recog-

nition was provided by mixing the B terms with 96 new words.
Thus, 144 items were presented in 48 rows of 3. Each row contained
one randomly positioned target word. The two distractors of each
row (see Appendix A) were scmantically related to the target. By
randomly sequencing the rows twice, we created two versions of
the recognition test.

Also. two versions of a cued recall test were created by arrang-
ing two random sequences of the A terms from the study list. Be-
side each A term was provided a space for the writing of the target
word. The list of A terms was presented on two pages. The subjects
were randomly assigned one of the two versions of the study list
and the retrieval tests. They were given 8 min for the study task.
Each subject was told that he/she would be tested later on his’her
memory of the second member of ‘each pair, the word written in
uppercase letters. However, each subject was also told it was im-
portant to pay attention to the first member, since this word would
help the subject 1o remember the last word of the pair. A retention
intersal of about 24 h was provided between the study task and
tests. The next day. the subjects were first given the recognition test.
They were told that each row contained one and only one target
word from the study list. Hence. they were told to circle one word
in cach row and were asked to respond to every row of the test this
way The subjeets were also told to rate therr degree of contidence
by wrniting 2 tor cestain. L tor mavhe, or O Tor guesseng beside the
cocircted word AlEsubrects had to work at feast T mun on the test,
and thes were encouraged to fomish the testwithin 13 nmn. Atfter an
mtersal of 203 pun “sociab-tath T subects were given the cued re-
call test They were told that the test included all A termis from the
study st and that their task was to wnite beside cach of these terms
the one word that they thought appeared as the target in the study
list. Again, they were told to rute their degree of confidence by writ-
ing 2 tor certain, | for mavhe, or O for guessing beside therr writ-
ten response. The same time imn that applied to the recognition
test was also impaosed on the cued recall test,

Results and Discussion

There were no significant differences between the two
versions of the tests; therefore, the data from the two ver-
sions were analyzed together. Table | shows the mean
scores for recognition, recall, and mean observed and pre-
dicted recognition success, together with the mean dif-
ference between the latter two scores. The data were tab-
ulated both subjectwise (each data point represented the
score of a single subject) and itemwise (in which each data
point represented the score of a single item), so the $SDs
are listed separately for the subjectwise (SDgy, ) and item-
wise (SDy) tabulations.

The subjectwise tabulation of the data yielded a cor-
relation of r = .55, C195% = (.27, .74) between P(RN)
and P(RN|RC). P(RC), however, had a nonsignificant
correlation with P(RNIRCY of r = .27, C1 95%, = (.06,
.55). A stepwise regression analysis based on subjectwise
tabulation of the data was undertaken, with P(RN - RC)

Table |
Retrieval Scores in Experiment |
\ariable v S, SO
PRNY "3 13 12
MRC) iR} 2 17
PRN RC) . R4 12 14
PIRNIRC) ry R3 AR 09
DevTW 0l Al .l_l_,_



as the dependent variable and with P(RN) and P(RC) as
the independent variables. Onlv A(RN) entered the equa-
nonwith a signiticant beta of .55, Equation 3 (below) ¢x-
plaimed 30% of the subject varance. Also, the values pre-
dicted by Equations 1 and 2 were used in another stepwise
muluple regression analysis to predict /(RN {RC).! Only
Equation 2 entered the regression equation with a sig-
nificant beta of .53, and this variable alone explained
28%0 of the subject variance.

P(RNIRC) = 47 + .55 P(RN). (3

For each subject. the median confidence rating score
was used to characterize his’her response criterion. The
median rating scores for recognition and recall corretated
[r = .54, C195% = (.25, .74)}. Only the former score
correlated with P(RN{RC) [r = .37,C195% = (.05, .62)].
However, it did not enter the equation following P(RN) in
a stepwise regression analysis where P(RN|RC) was the
dependent variable.

The itemwise analysis was done by coding responses
to each of the 48 items with reference to a contingency
table for success or failure in recognition and success or
failure in recall. Each cell was filled with the number of
subjects who showed that contingent relationship be-
tween recognition and recall for that item. The results for
cach item are shown in Appendix B. This appendix
shows that [tem 16 (SOVN, SLEEP) is highly atypical, since
none of the subjects was able to recall this target item. Be-
cause a recall score of 0 prevents an assessment of rec-
ognition success. this item was removed. The following
analvsis. therefore. 1s based on the remaining 47 items.

The itemwise tabulation of the data yielded a correla-
non of » = .60. C1 95% = (.35..75) between P(RN) and
PIRN RCY. P(RCYcorrelated with P(RNIRCY [+ = =30,
C193% = (~.68. —.24)] and with DevTW [r = — .61,
C193% = (—.76..—139)]. In a stepwise regression analy-
st with P(RN RC) as the dependent variable. both
PRN) and P(RC) entered the equation with signiticant
betas of (38 and — .49, respectively. Equation 4. which
accounts for 59% of the vanance, summarizes the results
ot this analysis.

P(RN-RC) = 50 + .58 P(RN) — .49 P(RC).

When the predicted values of Equations 1 and 2 were
uscd as independent variables to predict P(RN{RC). the
result confirmed the corresponding regression analysis
of the data set tabulated subjectwise (i.e.. only the pre-
dicted value of Equation 2 entered the regression equa-
tion). This variable had a significant beta of .74 in an
equation that explained 54% of the item variance.

The itemwise analysis confirms the relationship be-
tween recognition success and recall that first appeared
i our meta-analysis of the N-G database. Furthermore,
the itemwise tabulation explained twice as much of the
variance as the subjectwise tabulation. However, the sub-
jectwise analysis replicated the result commonly found
with subjectwise analysis: Only recognition was signifi-
cantly correlated with recognition success.

()
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Why do subjectwise analysis and itemwise analysis
vield different results? One explanation is that, in the
subjectwise analysis. the correlation between PZ(RN | RC)
and P(RC s atenuated by a positive correlation between
PIRNYand ARCY[r = .539,C195% = (.32..77)]. which
dags not exist for the itemwise tabulation {r = —.03, C!
95% = ( -.31,.26)]. Obviously. the more highly correlated
P(RN) and P(RC) are. the less variance in P(RNjRC)
will be accounted for by P(RC) independently of P(RN).
Onc way of testing this explanation is to use Flexser's
(1981) method of homogenizing 2 X 2 contingency ta-
bles to estimate subject and item.covariance in the pres-
ent data set. The former vielded a covanance estimate of
.254, and the latter yielded a covariance estimate of 017,
Therefore, according to Flexser, subject covariance in-
flated the dependency between P(RN) and P(RC), thus
obscuring the relationship berween /(RN | RC) and P(RC).
At the same time, item covariance did not contribute to the
dependency between P(RN|{RC) and P(RN) and P(RC)
in the itemwise tabulation (see also Metcalfe, 1991). So
the subject covariance revealed by Flexser’s method ex-
aggerates the fit of the TW function to the data by obscur-
ing the effect of P(RC), thus leaving only the correlation
between P(RN | RC) and P(RN). This is exactly the kind
of problem that Hintzman (1980) warned about.

Appendix B shows P(RN), P(RC), and P(RN|RC) for
each item in the experiment. In addition, the probability
that an item will be recalled but not recognized [i.e.,
P(nRNMRC)], is included, because recognition failure
rests on the occurrence of this joint event. Most surpris-
ingly. 19 of the 47 items that arc analyzed in the present
cxpertment showed a P(nRN~RC) of .00. Therefore, the
probability that each of these items will be recognized
given that they are recalled 1s 1.0. In other words, these
items do not contribute to recognition failure. Notice
also that 10 other items had a negligible P(NRRNARC) of
N3 (e only 1 of 36 subjects recalled but failed to cec-
ognize the item). Averaging the probabilities of these
29 qtems, we found (RN = 78 P(RC) = 28 and
PIRNRCY = 97 (the TW funcuon predicted (87). These
items, therefore, contributed practically nothing to the
recognition-failure phenomenon. The close agreement
with the TW function indicated by Table | was therefore
the sole responsibility of the use of the remaining 18 items.

What characterizes items that cantribute strongly to
the recognition-failure phenomenon? Look at the 14 items
in Appendix A shown in bold. These are the word pairs in
the list for which the A term is a noun and the B term is
an adjective. In fact, 12 of the 18 items that exhibited non-
negligible recognition failure are in this noun-adjective
subset. To put it another way. the correlation between
P(RNRC) and P(RN) for these 14 noun-adjective items
was » = .83, C195% = (.53, .94). For the remaining 33
items. the correlation was r = 47, C1 95% = (.15, .70).

The results for the noun-adjective pairs were not un-
expected. Two earlier recognition-failure studies com-
puted P(RN|RC) for the subset of items that were noun~
adjective pairs. Bartling and Thompson (1977) computed
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observed and predicted values of .64 and .73, respectively,
for a deviation of —.09. Bartling (1992) computed ob-
served and predicted values of .52 and .64, respectively,
for a deviation of —.12. Here, the observed and predicted
values were .75 and .80. respectively, for a deviation of
—.05. So noun-adjective pairs consistently produce more
recognition failure of recallable words than is predicted
by the TW function. These results are undoubtedly re-
lated to the earlier finding that, in the recognition-failure
paradigm, noun-adjective pairs produced both lower lev-
els of recognition and higher levels of recall than for ei-
ther verb—noun or noun—noun pairs (Olson, 1974). In fact,
Olson found that the level of cued recall for the adjective
was higher than the level of recognition, thus guarantee-
ing a nonzero level of recognition failure. DeVito (1975)
found that the difference between cued recall and recog-
nition for noun—adjective pairs was a function of the con-
creteness of the pair. By DeVito’s criterion, all the pairs
used here were concrete. So there was no reason to believe
that associative strength between the noun and the ad-
jective, or between members of other pairs, would pre-
dict the degree of recognition failure. In fact, associative
strength did not predict recognition success {r = — 08,
C193% = (—.36,.22)]. This leaves the question of why
concrete noun-adjective pairs produce higher levels of

cucd recall than recognition. An extensive discussion of

thisassue. which is beyond the scope of this report, may
be found in studies examining the role of imagery in paired
associate learning of noun-adjective pairs. including the
study by Yuille, Paivio. and Lambert (1969). Briefly. it may
be that high-imagery nouns are “conceptual pegs™ from
which related adjectives hang as “features.” So the pre-
existing relations between nouns and adjectives make the
noun an effective cue for the noun-adjective pair.

So Hintzman's (1980. 1987. 1992) objection to the
TW function is no longer completely theoretical. In fact.
when some of the word pairs for which recognition fail-
ure was originally established are examined in detail. rec-
ognition failure is obtained for only a quarter of the pairs,
which differ systematically from the three quarters for
which recognition failure was not obtained. That is, recog-
nition failure was obtained for noun-adjective pairs in
which the adjective was a weak associate of the noun.
The TW function was obtained when the different results
for different types of word pairs were combined in a sin-
gle subjectwise tabulation. Of course, this finding does
not preclude the possibility that other types of items that
arc not noun-adjective pairs may also exhibit recognition
tarlure. In fact, six pairs that were not noun--adjective pairs
also exhibited nonnegligible recognition failure, and ths
was sufficient for the entire item set of 33 items to show
a significant correlation for P(RN|RC) with P(RN) [+ =
49, C195% = (.17..71)]. It demonstrates that preexisting
relationships between items. rather than their contextual
association in the study list, may provide a better expla-
nation for how recognition failure occurs.

EXPERIMENT 2

The reexamination of the core data on which the TW
function was originally based revealed that the function
does not describe the data well enough to be considered
a general law of memory. A more complete meta-analysis
of the N-G database revealed that, in fact, recognition
success is a function of both recognition and recall. This
was also the case in the itemwise tabulation of the data
in Experiment 1.

However, the most severe problem for the TW func-
tion was that most of the word pairs in Experiment | did
not exhibit recognition failure. Instead, recognition fail-
ure was a characteristic of a subtype of word pairs (i.e.,
noun-adjective pairs). The TW function appeared to be
an artifact of the ratio of the different subtypes of items
in this particular item set. These findings support Hintz-
man’s {1980) objection to contingency analysis in the
recognition-failure paradigm. Furthermore, Rabinowitz,
Mandler. and Barsalou (1977) and Bartling (1992) tound
that ttem-specific retricval failure replicated across a se-
ries of experiments.

However, retrieval fatlure has been found with items
other than noun-adjective pairs. Tulving and his col-
leagues might argue that the TW function has been repli-
cated a great many times with many different kinds ot
malterials and that it s incredible to imagine that all these
experiments just happened to have the right mix of items
that do and do not exhibit recognttion failure in order to
produce the TW function. In reply. we might point out
that the impressive contormity of these many studies to
the TW function may simply be the result of (1) a very
large number of studies using familiar, weakly associated
words as study materials, (2) a ubiquitous positive cor-
relation between recognition and recall in the subject-
wise tabulation, or (3) a lenient criterion for assessing
the fit of the function to the data. Nevertheless, such a reply
clearly falls in the realm of speculation. So more data are
needed.

One problem with using words as study items in the
recognition-failure paradigm is that they exhibit a host of
preexisting associations that can be used to provide spe-
cific, noncontextual explanations of recognition failure.
Therefore, in Experiment 2, pairs of familiar-foreign
names were used because they had fewer preexisting
associations.

If recognition failure is a function of the properties of
specific items, then what properties of items are likely to
contribute to recognition failure? Begg (1979) compared
recognition failure for more recognizable but less recall-
able B terms with recognition failure for otherwise sim-
ilar but less recognizable and more recallable B terms.
He found more recognition failure for the less recogniz-
able but more recallable B terms. We know that recalla-
bility 1s positively correlated with familiarity, but recog-
mizability is negatively correlated with familiarity (e.g..



Neely & Payne, 1983). Hence, increasing the familiarity
of the B term should decrease P(RN) and increase P(RC).
lcading to a reduction in recognition faifure. Comversely.
decreasing the familiarity of the B term should increase
PIRNY and decrease P(RC). leading to a reduction in rec-
ognition fatlure.

The items used in Experiment 2 were American
Norwegian and Norwegian-Amcrican name pairs, and
the subjects were American college students. The names
in each pair always shared the same first letter to increase
the effectiveness of the A term as a cue for the B term.
This was done ta ensure a high enough level of recall so that
the results could not be discounted because of poor per-
tormance in the cued recall task. It was assumed that the
Norwegian names were less familiar to the subjects than
were the American names. In the American-Norwegian
conditton. in which the less familiar Norwegian names
served as the B terms, there should have been less recog-
nition failure than in the Norwegian-American condi-
tion. in which the more famitiar American names served
as the B terms. Also, on the basis of the results of Neely
and Payne (1983), it was expected that the American-
Norwegian pairs would produce significantly less recog-
nition failure than predicted by the TW function. When
Neely and Payne used the first and last names of non-
famous names (e.g., Martin CONWAY) In a recognition-
tatlure task. they found that the observed level of recog-
nition fatlure was less than predicted by the TW function.
The American-Norwegian pairs (e.g., Mark MaTs) were
quite similar. consisting of a familiar American first name
as the A term and a less familiar name as the B term, ex-
cept that the B terms in Experiment 2 were less familiar
than the B terms in Neely and Payne's study.

Another issuc addressed by Expertment 2 was the num-
ber and Kinds of name pairs for which recognition falure
would occur. We suggested that recognition fatlure oc-
curred in Experiment | tor word pairs tfor which the
A terms could be used to generate the B term through
some preexisting semantic association. For American
Norwegian name pairs, such preexisting associations are
fess Likely. But this does not rule out the possibility that
the A term could be used to generate the B term on the
basis ot a perceptual similanty. To assess this possibility,
hath a subjective and an objective measure of the simt-
larity between the terms were made. First. the subjeets
were asked to rate the similanity between the names. Sec-
ond. we measured the overlap between the first four let-
ters of the A term and the first four letters of the B term.
Note that the amount of overlap had to be at least one let-
ter because the names always shared the same first letter,

Method

Subjects and Materials. One hundred fifty subjects in an n-
rroductory course in psychology at Rutgers University participated
i the experiment 1o satisfy a course requirement. These were
tnglish-speaking students between 18 and 30 years, who either
were born inthe U.S. or had lived in the U.S. since early childhood.
None of the subjects had any knowledge of Norwegian or any other
scandinavian language.
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The subjects were randomly assigned to one of two equally sized
groups. In one group, the subjects studied Norwegian-American
namues The study hist for this group s presented in Appendix C The
other group studied the very same names wath the members of a pair
inreversed order (1e. Amenican Norwegian names ). The study hst
tar bath groups contned 60 pairs ot names. The American names
were all famihar to the student population at Rutgers. The length of
any of these names did not exceed erght letters. The same restric-
ton of length was imposed onthe Nonvegian names. none of which
inctuded a Scandinavian vowel mussing in the Fnaghsh alphabet. The
two names of a pair alwayvs shared the initial letter. The pairs of
names were printed on two columns on a single page. A recognition
test was constructed by randomly mixing target names with 60 new
names of the same “nationaliny ™ The new names for the recognition
test were selected aceording o the same principles that applied to
the selection of target names. The 120 names in the recognition test
were printed in three columns of 20 on two successive pages. The
target names were randomly dispersed among the distractor names.
The 60 names used as cues 1o the recall test were primied in two
columns of 15 on two successive pages.

Pracedure. To prevent floor cffects in the cued recall test, the A
members were presented in the same sequence as they had appeared
in the study list, and the subjects were told 1o write next to each A
word the corresponding B word. However, to avoid any primacy ef-
fects. we truncated the beginning S items before an analysis of the
daia (1.e., these items served as buffer items in the encoding epi-
sade). Recency effects were negligible since the subjects were given
a retention interval of | week.

All subjects in both groups were given the following instructions:

You are participating in a memory experiment. Study the following
pairs in preparation for a test which will be administered next week.
You will eventually be asked to recognize and recall the second mern-
ber of every pair. Also. study the first member of each pair since this
name will help you to remember the second member. Piease rate the
following pairs for similarities (2 = very sumilar. | = similar, 0 = not
wt all somilar .y

The subjects were given 13 min to perform the study task, and,
during this episode. they were trec to look back to previously stud-
ied parrs of names. Afier | week, they returned to be tested on
recognition and recall. Inthe recngmition test, the subjects were told
w cirele 1)) the names they thought appeared i the study st No
umie fimit was imposed on either the recognition test or the recall
test. However, the subjeets were encouraged to finish cach of the
tests within 15 mun. The subjects were tested sndividuafly or an
sarald groups of 2 or 3 subjecis ara tme

Results and Discussion

The data were tubulated by subjects and by items.
Table 2 xhows the mean and 50 for cach ol the mamn van-
ahles for cach group. Since we used a free version of the
recogmtion test, ¢ was computed for cach subject. This

Table 2
Retrieval Scores for the Norwegian—American and
American—Norwegian GGroups in Experiment 2

Norwegian-American American-Norwegian

Variable M SsD, SD., M SD, SD,
PCRN) 63 17 12 19 13
PIRCY 34 24 20 16 "
P(RNIRClobs .76 1% A2 90 s i
PRN'RCTW 75 16 10 o 13
DevTW o1 N4 a8 07 16
& 122 .78 13775
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measure, therefore, is included in the subjectwise de-
scriptives of Table 2.

There was a negligible difference in the recognition
score. and there was a nonsignificant difference in d’ be-
tween the groups (r = = 1.57, p = .118). In contrast,
t tests for independent samples revealed significant dif-
ferences between the groups, both itemwise and subject-
wise, for P(RC) and P(RN|RC) (p < .001).

The data of the Norwegian-American group were
clearly in agreement with the TW function, producing a
negligible positive deviation of .0!. In contrast, as pre-
dicted, the American-Norwegian group showed a re-
markable positive deviation from this function. The
DevTW of .18 for this group was clearly a significant
deviation, with reference to both the critical ratio crite-
rion used by Nilsson and Gardiner (1993) and the z used
by Muter (1978) and Neely and Payne (1983), which. in
this case, equaled 11.54. When the data were tabulated
subjectwise, P(RN) correlated with P(RN|RC) for the
Norwegian-American group [r = .81, Cl 95% = (.71,
.87)] and for the American-Norwegian group [r = .45,
C195% = (.24, .61)]. P(RC) correlated with P(RN ' RC)
for the Norwegian—American group [r = 44, C195% =
(.23..60)] and American-Norwegian group {» = .13, (]
95% = (—.10,.34)].

The most remarkable correlations, however, were those
between d” and the other variables, which are shown in
Table 3. One might expect the correlations between o
and P(RN). since P(RN) 1s the hit rate. which s used in
the computation of d”. However, the correlations between
d” and P(RC) were even higher.

Also. the predicted values according to Equations 1 and
2 served as independent variables in a regression analy-
s1s with the observed P(RN|RC) as the dependent vari-
able. For the Norwegian-American group, only Equa-
tion 2 entered the regression equation with a significant
beta of .81. and the equation explained 66% of the vari-
ance. Also, for the American-Norwegian group, Equation 2
entered the equation, this ttme with a significant beta of
47. and the equation explained 22% of the variance.

When the data were tabulated itemwise, P(RN) corre-
lated with P(RN |RC) for the Norwegian-American group
{r =.22,C195% = (—.04, .45)] and for the American-
Norwegian group [r = .09, C195% = (—.18,.34)].2 P(RC)
correlated with P(RN | RC) for the Norwegian—American
aroup [ = —.14, C1 95% = (—.39, .13)] and for the
American-Norwegian group [r = —.12,C195% = (—.37.
13)]. When the data from both groups were combined
1o a single data set. the correlation between P(RN) and
PIRN RC)ywas » = .06, ClI95% = (~.12..24). and the

Table 3
Correlations Between 4’ and Otber Variables in Experiment 2
Norwegian American

Varable d’ ClLas, o’ Crosn,
PtRN) 71 (S8, 81 70 (6, X
P(RC) N (73 8K) bl ¢ 7hRN)
P(RNIRC),,, .60 (43,73 2R (06, 48

Table 4
Correlations Between Rated Similarity Between
_ VWords of a Pair and Other Variables in Experiment 2

Norweglan- Amernican  American--Norwegtan

~Vanable SIM gl‘?*_”n o SIM Cl195%
P(RN) 47 (.23, .65) 41 (.16, .61)
P(RC) 81 (.69, .88) .76 (.62, .85)
P(RN:RC)obs —.10 (—.36,.17) -.24 (—.47,.03)

correlation between P(RC)and P(RN|RC)wasr = —.29
CI95% = (—-.45, —.10). )

The itemwise analysis also included rated similarity
(SIM; see Appendixes D and E) between the names of a
pair as one of its variables. Table 4 shows the correlations
between rated similarity (SIM) and P(RN), P(RC), and
P(RN|RC). Next, the independent variables P(RN),
P(RC), and SIM were used to predict P(RN|RC) for
the Norwegian—-American group and the American-
Norwegian group. For the Norwegian-American group,
all variables entered the regression equation with signif-
icant betas of .43 and — .40 for P(RN) and P(RC). respec-
tively, and a nonsignificant beta of .08 for SIM. Equa-
tion 3, which summarizes the results for the Norwegian -
American group, accounted for 1 5% of the variance. The
analysis for the American-Norwegian group showed that
onlv P(RN)and SIM entered the regression equation, the
former variable with a nonxigniticant beta of .23 and the
fatter wath a significant beta of —.33. Equation 6, which
summarizes the results for this group when P(RN) was
forced in first, accounted for only 10% of the variance.

P(RN|RC) = .57 ~ 43P(RN)
— 40P(RC) + .08SIM. (5)

’

P(RN{RC) = .89 + .23P(RN) — .33SIM. (6)

Also, for the itemwise tabulation of the data, we per-
formed a stepwise regression analysis with the predicted
values of Equations 1 and 2 as the independent variables.
For the Norwegian—-American group, only the predicted
value of Equation 2 entered the equation, with a signifi-
cant beta of .36, explaining 13% of the variance. For the
American—-Norwegian group, neither of the variables en-
tered the regression equation.

We now turn to the issue of the number of name pairs
for which recognition fatlure occurred and whether the
amount of recognition failure was a function of the degrec
of name-pair similarity. The 12 name pairs in bold in Ap-
pendix C are the pairs for which the first four letters of the
Norwegian name and the first four letters of the Ameri-
can name share at least three letters in common. We shall
refer to these 12 pairs as the high-similariry subset and the
remaining 43 pairs as the /ow-similarity subset. In the
Norweglan-American condition, for the high-similarity
subset, PAMRNARC) = 16, and DevTW = —.04; for the
low-similarity subset. P(NRNARC) = .06 and DevTW =
07. The correlation between P(RN|RC)and P(RN) was
r = 84, C195% = (.51..95). for the high-similarity sub-



set.and it was r = .18, C195% = (—.12, .45), for the low-
similarity subset. In the American—-Norwegian condition,
P(nRNARC) = .03, and DevTW = .13, for the high-
similarity subset. and P(nRNARC) = .01, and DevTW =
.25, for the low-similarity subset. The correlation between
P(RN.RC)and P(RN)was r = .54, C195% = (~.05, 85,
tor the high-similarity subset, and it was r = — 01,
Cl935% = (—.31,.29). for the low-similarity subset.

Again, in Experiment 2, recognition failure occurred
tor only a small number of items. The shape of the func-
tion that retated P(RN|[RC) to P(RN) in the subjectwise
analysis was the result of collapsing across a large num-
ber of items that did not exhibit recognition faiture and
a small number that did.

GENERAL DISCUSSION

In the light of the results of the analysis presented here,
fet us consider again various claims made for the valid-
ity of the TW function, beginning with the strongest and
proceeding systematically to the weakest. First, the TW
function does not appear to be a universal law of mem-
ory. The majority of the word pairs in Experiment | and
name pairs in Experiment 2 significantly deviated from
the function. Even if the TW function is restricted to the
subjectwise tabulations, it is not the best description of
the N-G database for which it was originally conceived,
and it fails to describe the results of the American-
Norwegian condition of Experiment 2. Nor can the func-
tion be saved by restricting the range of recall and/or
recognition values to which it is applied. Figure 2 clearly
demonstrates that recall influences the TW function
throughout the entire range of recall values.

Nor is it likely that the function can be saved by re-
stnieting the kinds of study materials to which it is ap-
phed. The results of both Expertment | and Expertment 2,
for which different kinds of study materials werc ap-
plied. indicate that as long as we select paired associates
such that the B term cannot be generated from the A term.
there will be a significant positive deviation from the TW
function. regardless of the fevels of recognition and recall.

FEvenifthe specific TW function is abandoned and the
more general claim that recognition success is solely a
function of recognition: the same objections apply. So
the function can not be saved merely by trying out other
parameter values. The problem is that, contrary to the
underlying assumption of the TW function, recognition
fatlure is not the norm in the recognition-failure para-
digm: rather, it is the exception. Generally, if the subject
can recall a B term, then he/she can recognize that item
as well. Notice that. in Experiment 2, the correlation be-
tween d” and recall was even higher than the correlation
berween recognition (i.e., the hitrate) and d’. So there is
a strong contingent relationship between the recognition
of a B term and its cued recall.

Of course, recognition failure unden:ably does occur
some of the time for some of the items. Let us consider
how recognition failure occurs in the recognition-failure
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paradigm. In fact, this paradigm is well named because
it 1s peculiarly designed in order to produce recognition
failure. To see why this is so, consider a paradigm in
which subjects first studied A-B pairs, were then given
a recognition test for the B words. and, finally, were
given a rccognition test for the A- B pairs. Obviously, we
would expect recognition for the entire A~B pair to be
superior to that for its part. the B term.’ Actually, this
finding has been reported by Gardiner (1994). So. 1n the
retricval-failure paradigm. when a subject succeeds in
generating the B term in response to the A term, the sub-
ject has succeeded in transforming the cued recall task
into a recognition task for the entire A~B pair that is at
least as easy as for the B term alone. So the amount of re-
trieval failure should be a measure of how much easier
the A-B-recognition task is than the B-recognition task.

Remarkably, for most items there appears to be no dif-
ference in the discriminability of the B term versus the
discriminability of the entire A~B pair in their respective
retrieval tasks. The A~B pair appears to be more discrim-
inable only when there exists between its members a re-
lationship that exists independently of the pairing of the
items in the study trial. In Experiment 1, this was a noun—
adjective relationship; in Experiment 2, this was the num-
ber of letters the names had in common.

Originally, Tulving (1983) introduced the recognition-
failure paradigm to demonstrate the validity of the
encoding-specificity principle. He argued that recogni-
tion failure occurred because the items’ contexts were the
same during study and recall but were different during
recognition. However, the results of the paradigm demon-
strates the exact opposite. Consistent with Godden and
Baddeley's (1975) well-replicated finding, the change in
the context of the B term from isolation to a pairing with
the A term usually has no effect on its recognizability. In
fact. when recognition failure occurs, it is not because B
has been studied in the presence of A: rather it is because
there exists some relationship between A and B that
exists independently of the fact that they have been seen
together. So, when recognition failure occurs, it is not
the result of a context-specific encoding but a context-
independent association or relationship that subject can use
1o recognize the pair independently of whatever context-
specific encoding occurred during the study trial.

Finally. the posinve deviation of the American-
Norwegian condition from the TW function points to
what s passibly a critical design ctement in studies in
which the TW function describes the results. This is the
common use of item pairs that consist of familiar B terms
and somewhat related or associated A terms. In fact, the
fit of the TW function declines with the familiarity and
relatedness of the study pairs. For example, Gardiner and
Tulving (1980), Begg (1979), and Neely and Payne (1983)
found that recognition failure for unrelated words was
less than predicted by the TW function.

To restate these results another way, as the familiarity
of the B term and its relatedness to the A term decrease,
the amount of retrieval failure, and, hence, the probabil-
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ity of a significant deviation from the TW function, in-
creases. When the B term is sufficiently unfamiliar so that
it 15 essentially a novel item, almost any encoding task
sufficiently strong to produce cued recall for the item
will produce recognition for the item as well, which is in-
consistent with encoding specificity but is completely con-
sistent with what 1s known about recognition and recall.

Other elements of the research process probably also
contribute to the TW function. Good methodology in-
volves the use of a sufficient number of items to establish
generality over items. In practice, this has often meant
the use of more than 20 items in a study list. However, when
an effect is produced by only some of the items in a class,
the use of a large number of items from the class all but
guarantees that some of these items will be included.

It is therefore incumbent on the experimenter to demon-
strate that pooled results generalize not only across sub-
jects but across items as well, and that they are not the
effect of a few specific items (Clark. 1973). Despite the
warnings of Clark (1973), Hintzman (1980}, and others,
memory researchers have not taken care to do this. Other
explanations have been offered for what have been inter-
preted as item-specific effects here. First. with equiva-
lent study time. unfamiliar and unrelated items are less
likely to be recalled than are more familiar and related
items. As mentioned above. Gardiner and Nilsson (1990,
1993) have ruled out studies with low recall scores as en-
coding exceptions to the TW function. However, the re-
sults of the meta-analysis shown in Figure 2 demonstrate
that the TW function is continuously related to recall
throughout its full range. So there is no motivated reason
tor excluding studies on the basis of level of recall. Fur-
thermore. significant deviations from the TW function
have been found with recall ratios ranging trom .20
{ American-Norwegian condition of Experiment 2) to
.23 {Begg. 1979) to .19-.29 (Gardiner & Tulving, 1980)
10 .33- 48 (Neely & Payne, 1983). If the TW function 1s
descriptive only for recall levels above .20 or an c¢ven
higher value, this begins to limit its generality.

There is another explanation for item-specific eftects:
that subjects use encoding strategies for unfamiliar or
unrelated pairs differentfrom the encoding strategies they
use for familiar and related ones. Begg (1979) and Gar-
diner and Tulving (1980) suggested that retrieval failure
occurs when subjects integrate the pair members during
encoding. Thus, a lower level of retrieval failure for un-
familiar and unrelated items could be attributed to a lesser
tendency for subjects to integrate them: According to this
hypothests, during the co-occurrence of the A and B terins
on the study trial. the subject attempts to discover or con-
struct an association that links the A and B terms. If such
an association 1s created or found. then there will be some
nonzero probability of gencrating the B term from the
A term during the cued recall test. In fact. Gardiner and
Tulving had some modest success in increasing retrieval
failure by encouraging subjects to make linking sen-
tences for otherwise unrelated pairs. However. if retrieval
farlure 1s determined by the tendency of subjects to en-

gage in item integration, then the TW function ultimately
reflects the average tendency of subjects to engage in
item integration for familiar weakly associated words
under nonintegrative intentional learning conditions. Pre-
sumably, then, any change in the study task (e.g., a change
in materials, instructions, or duration) that affects the ten-
dency to engage in integration should affect the TW func-
tion. However, if this is the case, then the “exceptional
conditions™ are more extensive than the conditions under
which the TW function may be observed. Furthermore, in
order for the item-integration explanation to be different
from the one advanced here, at a minimum, it must be
shown that the linking association provided by integra-
tion must be noticed at encoding and that this linking as-
sociation is not effective if first noticed at retrieval. Fur-
thermore, the results of the classic study of Gardiner,
Craik, and Birtwhistle (1972) demonstrate that this latter
hypothesis is almost certainly false.

To summarize, when the restrictions on the kind of
items for which the TW function has been found are taken
into account, the conditions under which results consis-
tent with the TW funcuion has been observed are actually
quite limited. Furthermore. Hintzman and Hartry (1990)
have made criticisms of experiments conditionalizing
rccognition on fragment completion that complement the
criticisms made here of experiments conditionalizing
recognition on cued recall. So item analysis arc applicable
to studies of memory other than those into the role of
context in recognition and recall.
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NOTES

i. Equation 2, due to an intersection of .28 with the v-ax1s, may have so-
lutions above 1.0. However, since we only consider data points within the
unit graph space, predicted scores that exceeded 1.0 were set equal to ) ).

2. Why were the itemwise correlations between P(RN) and P(RNRC)
so much lower in Experiment 2 than in Expeniment 1?2 One possibility
1s that many more items were hardly ever recalled in Experiment 2 than
i Experiment . In Experiment 1, 4 of 48 items were recalled by less
than 14% of the subjects (see Appendix B): however.in the Norwegian-
American condition of Experiment 2, 10 of $5 items were recalled by
less than 14% of the subjects (sce Appendix E1. Atlaw levels of AARCY,
P(RNRCYis necessarily based on very few ohservations and. hence. i«
mostly error variance. thus reducing the reliability of the correlations
When items recalied by less than [4% ot the subjects were excluded, the
magnitude and reliability of the correlatians were similar to the levels
in Expeniment {.

3. Equally obviously, we could design materials in which the A terms
would camouflage otherwise distinct B terms, and. thus, recogmition of the
whole would be less than for its part. However, this is obviously not the
case for the materials that have been ubiquitously used in the recognition-
failure paradigm.
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APPENDIX A

Item No. English Norwegian
} plant-BUG plante riuFE
2 wish-WASH sOl-VASKE
3 hope—HIGH hipe-Hov
4 stem-SHORT stamme-KORT
5 whisky-WATER whisky-vany
6 moth-FOOD munn-MAT
7 cabbage-ROuUND kél-runD
8 glass—HARD glass—HARD
9 country-OPEN land-APEN
10 tool-HAND redskap-HAND
1 Memory-sLow hukommelse-TREG
12 covering—COAT dekke-FRAKK
13 barn-pIRTY 1dve~SKITTEN
14 spider—BiRD edderkopp-FUGL
15 Crust—CAKE SKOTpe—KAKE
16 deep—SLEEP dyp—-S@vN
17 train—BLACK tog—SORT
18 mountain-~TREE fjell-TRE
19 cottage—LOVE hytte—FRIHET
20 art-GIRL kunst-JENTE
21 adult-woRK voksen—ARBEIDE
22 brave-weak modig—S§vak
23 door-rep pOrt-RoD
24 roll-RUG rull-TEPPE
25 think—sTUPID tenke-DUM
26 €XiSt-BEING eksistere—MENNESKE
27 home-SWEET hjem-BRA
28 grasp—BABY gripe—BARY
29 butter-sMOOTH SmMer-GLATT
30 drink~SMOKE drikk-ROYK
3 beat—PAINE S14~SMERTE
32 cloth—SHEEP kler-sau
33 swift—Go rask-GA
34 lady-QUEEN kvinne-DRONNING
35 blade—cut egg- SKILRE
36 ground-coLp jord-KaLp
37 head-LIGHT hode 1vs
38 bath—NEED bade-RBEHOV
3% cheese~GREEN 0St—GRONN
40 stomach—LARGE mage-STOR
41 sun--DAY sol- DaG
42" pretty—BLUE pen—BLA
43 cave-wEeT grotte~y AT
44 whistle-8aLL Neyte-rAti
45 noise-wIND StBY~VIND
46 glue—CHAIR klister-stoL
47 command—MAaN - kommando—ManN
48 fruit—FLOWER frukt-BLOMST

English and Norwegian Word Pairs
Presented in the Study List of Experiment 1

Association

___Rating

1.72
2.56
1.08
1.12
2.36
2.90
2.48
2.08
1.52
2.26
2.14
1.66
1.42
1.38
2.00
2.58
1.32
1.78
2.14
1.42
2.46
1.56
1.52
2.32
1.86
2.62
1.98
1.84
2.16
2.04
2,94
222
2.00
2.70
1.50
1.84
1.58
1.58
1.60
2.26
2.58
1.36
.14
1.82
1.88
1.02
2.02
2.34

Distractors

WANP WORM

RINSE DRY

SKY DESIRE

SMALL HEAVY
RIVER STREAM
MEAL SOUP

SHAPE RECTANGLE
SILENT SOFT
LOCKED CLOSED
NAIL TOUCH

QUICK START

FUR CLOAK

SHINE POLISH
SIGN FISH

BREAD BISCUIT
PILLOW HAMMOCK
CLOI'D NIGHT
FALL LEAF
DEMAND PHONE
FRIEND STUDENT
LEADER BIRTH
IMPORTANT POWERFUL
ORANGE VIOLET
RAG CURTAIN
QUIET DEAF
PERSON CREATURE
GOOD NICE

K1D BROTHER
STRONG CAUTIOUS
TASTE SMELL
FEELING EVIL

GOAT DEER

STOP BEGIN

PRINCE MINISTER
STAD SPLIT

WARM CHILLY
DARKNESS DIMNESS
HELP REQUIREMENT
YELLOW BROWN
WIDE ENORMOUS
WEIK MONTH

GRTY PURPLE

FOG MIST

RACKET NET
STORM TORNADO
BENCH STOOL

BOY GUY

BLOSSOM GRAIN

Note—Word pairs which are noun-adjective pairs in Norwegian are printed in bold. Distractors are new
words that were presented together with B (the target word) in the recognition test.

(Continued on next page)
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APPENDIX B i
Retrieval Probabilities for Items In Experiment 1

[tem No. P(RN) P(RC) P(nRNARC) P(RN|RC)ps P(RNIRC) 1y DevTW

} .83 11 .00 1.00 .90 10
2 .58 .22 .00 1.00 .70 30
3 .67 a1 .00 1.00 78 22
4 75 36 1 .69 .85 -.16
5 .67 .92 .28 .70 .79 -.09
6 .64 33 A1 .67 75 -.09
7 67 12 19 a3 78 -.05
8 .50 72 .36 .50 .63 -.13
9 .67 .25 .03 .89 .78 A1
10 81 .39 .03 92 .88 ) .04
11 .75 31 .06 .80 .85 —.05
12 .67 33 .00 1.00 .78 22
13 .86 42 .06 .87 .92 -.05
14 .61 44 14 .63 .73 -.10
15 56 36 .08 .79 .69 10
16 .78 .00 .00 - 87 - -
17 72 58 .14 .76 .82 -.06
18 .81 33 .00 1.00 .89 Ny
19 .82 31 .00 1.00 .90 10
20 97 .39 .00 1.00 .99 .01
21 72 .28 .00 1.00 .82 18
22 75 19 .03 86 .85 .01
23 .83 .50 .03 .94 .90 .04
24 61 .50 .08 83 .73 A0
25 .86 17 .00 1.00 .92 .08
26 .86 42 .00 1.00 .92 .08
27 .39 A7 .08 .50 51 -.01
28 .69 .28 .03 .90 .80 10
29 .56 42 14 .67 69 -.02
30 .69 A1 .00 1.00 .80 20
31 .69 .22 .00 1.00 .80 .20
32 .81 19 .00 1.00 .89 a1
33 .67 14 .00 1.00 78 22
34 1.00 .61 .00 1.00 1.00 .00
35 .78 19 .00 1.00 .86 14
36 81 .39 .06 .86 .89 -.03
37 .89 19 .00 1.00 .94 .06
38 .61 A7 .00 1.00 73 .27
39 81 42 .08 .80 .89 -.09
40 .69 44 17 63 .80 —-.18
4] .81 31 .03 91 .89 .02
42 .81 .28 .03 .90 .89 .01
43 81 .53 .08 .84 .89 -.05
44 81 25 .03 .89 .89 .00
45 .81 .14 .00 1.00 .89 g1
46 .67 22 .03 .88 .78 10
47 .72 .58 .08 86 .82 .03
48 .75 28 .03 .90 .84 .06

Note—Item numbers are consistent with item numbers in Appendix A.
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APPENDIX C

Norwegian—American Name Pairs
Presented in the Study List of Experiment 2

ftem No. Name Pair Item No. Name Pair
l Oda~Oprah 31 Gaute-Gary
2 Petra—Patty 32 Hedvik-Helen
3 Jostein-Justin 33 Espen-Eva
4 Asle-Alfred 34 Aina-Ann
S Tordis-Toby 3s Trine-Tina
6 Frode—Fred 36 Laila-Lauren
7 Jesper—Jessica 37 Kaja-Kathleen
8 Agnar-Arthur RE Anders-Alex
9 Vivi-Vivian 39 Bente-Benjamin
10 Metie-Michael 40 Stian-Stan
R Dag-Doug 41 Gunnar-Glen
12 Dorte-Dorothy 42 Einar-Ellen
13 Gudveig-George 43 Mons—Martha
14 Arne-Arnold 44 Ingvil-Irene
15 Marit-Marie 45 Gunval-Gwen
16 Arnt-Arlene 46 Synne-Sarah
17 Kjetil-Keith 47 Bernt-Bob
18 Maren-Mary 48 Guro-Gregory
19 Dagfinn-Donald 49 Mats-Mark
20 Signe—Susan 50 Enok-Elaine
21 Oddvar—-Oscar 51 Magnus—-Matthew
22 Jorunn-Justine 52 Tonje~Thomas
23 Vidar-Victor 53 Stine-Stacy
24 Venche—-Victoria 54 Pelle-Pamela
25 Line-Lynne 55 Erling-Edward
26 Solveig-Sheila 56 Unni-Ursula
27 Jens-John 57 Turid-Ted
28 Lene-Lenny 58 Aksel-Andrew
29 Runar-Raymond 59 Anja—Angela
30 Stig-Steven 60 Trude-Tamara

Note—The pairs in bold are those in which the A and B terms

share at least three of the first four letters.

(Continued on next page)
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APPENDIX D
Retrieval Probabilities for the Norwegian-American Group in Experiment 2

ltemNo. SIM  P(RN) P(RC) P(MRNARC) P(RN|RC),, P(RN.RC)ry DevTW
6 20 72 95 28 Bl 82 -2
7 12 65 34 08 77 77 00
8 09 .68 25 04 84 79 05
9 24 91 95 09 90 95 - .04
10 06 .63 17 04 77 75 02
1 18 .80 88 14 84 88 -.05
12 20 62 86 33 62 74 -.12
13 06 .63 33 11 68 75 -.07
14 20 .65 63 20 69 77 - .08
15 18 .68 53 11 80 79 01
16 10 .63 17 04 77 75 02
17 07 67 55 13 76 78 -.02
18 1.6 .74 46 07 86 83 02
19 0.6 .45 21 04 81 57 24
20 06 47 14 01 91 60 31
21 13 .80 62 09 85 88 -.03
22 08 84 21 03 88 91 ~.03
23 14 .70 63 14 77 80 -.03
24 06 63 33 07 80 75 05
25 22 71 74 17 77 81 -.05
26 0.6 47 07 01 80 60 20
27 1.0 57 40 14 63 69 ~.06
28 23 63 70 25 64 73 - .08
29 0.6 .59 20 08 60 71 -1l
30 09 .6l 18 07 64 73 - .08
3 0.9 .55 25 08 68 68 00
32 08 .50 32 17 46 63 -17
33 06 .80 18 04 79 8 - 10
34 18 68 34 05 85 79 05
35 16 .70 50 13 74 80 -.07
36 1.0 .58 25 00 1.00 70 30
37 0.7 .53 30 05 83 65 17
38 06 .55 07 00 1.00 68 32
39 37 59 09 84 8l 03
40 22 6l 66 21 68 73 -.05
41 07 .6l 20 03 87 73 14
42 08 .58 18 03 86 70 16
43 06 42 12 03 78 54 24
44 06 .57 18 07 64 69 -.05
45 08 .67 18 03 86 78 .07
46 0.7 .55 18 03 86 68 18
47 06 .36 12 01 89 47 42
48 09 .71 07 01 80 81 -.01
49 09 .49 21 .05 75 61 14
50 0.6 .68 A1 03 75 79 -.04
51 09 .65 12 .00 1.00 77 23
52 1.0 49 11 01 88 61 26
53 1.0 46 20 .05 73 59 15
54 .1 54 20 07 67 66 00
55 0.7 37 13 07 50 48 02
56 08 .65 59 13 78 77 01
57 11 47 12 03 78 60 18
58 07 .65 14 05 64 77 -.13
59 22 74 46 11 77 84 -.07
60 06 .68 18 00 1.00 79 21

Note—SIM = rated similarity. Iltem numbers are consistent with the item numbers in Appen-
dix C. The beginning five items (ltems | 5) were truncated: therefore, the analysis was under-
taken for ltems 6--60,
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APPENDIX E
Retrieval Probabilities for the American—-Norwegian Group in Experiment 2
ltemNo. SIM P(RN) PRC) P(RNNRC) P(RN[RC)y,, P(RN|RC) .y DevTW

6 1.9 16 AR 04 92 7 A5

7 1.4 .80 33 03 93 88 .05

8 1.0 .79 .0¢ .00 1.00 88 12

9 23 91 .85 .04 .96 95 .00
10 0.7 76 .20 .00 1.00 .85 15
tl 2.0 T3 .65 06 90 83 .07
12 2.1 71 .56 .07 .87 82 .05
13 0.7 .70 14 .00 1.00 81 19
14 1.9 .84 A48 .02 .95 9l .04
15 1.9 .66 24 02 89 a8 11
16 1.3 .65 21 04 82 76 06
17 0.7 .60 16 .00 1.00 T2 28
18 1.8 44 16 06 62 .56 .05
19 0.6 66 13 02 .90 78 A2
20 0.7 .66 .09 00 1.00 T8 .22
21 1.9 73 .30 02 92 R3 .09
22 0.7 34 .04 .00 1.00 45 55
23 1.5 .70 14 02 91 81 10
24 0.6 .59 43 .02 .80 71 .09
25 2.1 .56 53 13 76 69 07
26 0.6 65 .05 .00 1.00 76 24
27 1.2 65 21 .01 94 .76 18
28 2.3 .65 31 .05 .84 .76 .08
29 0.8 .39 A3 .02 .80 46 34
30 1.0 54 14 .00 1.00 67 33
3 1.2 .53 .09 .00 1.00 66 34
32 038 .54 .10 .03 .63 67 -.04
33 0.7 S5 .10 01 .88 .68 .20
34 1.9 .59 .23 .00 1.00 71 .29
35 1.5 75 35 .00 1.00 .84 16
36 0.9 .57 19 .00 1.00 .70 30
37 0.8 .59 .24 .02 .89 71 18
38 1.0 57 21 01 .94 .70 .24
39 .3 .53 21 0t .94 .66 .28
40 2.1 44 .19 .03 87 .56 30
41 0.9 .69 A1 01 .89 .80 .09
42 1.0 .39 .05 00 1.00 46 54
43 0.7 .49 .04 .00 .00 .61 .39
44 0.7 .64 .04 .00 1.00 75 25
45 0.8 .39 .04 .00 1.00 46 .54
46 0.9 A3 .08 00 1.00 55 45
47 0.8 48 .08 02 67 .60 07
48 0.9 35 .06 00 1.00 46 54
49 i1 63 14 00 1.00 .74 26
50 0.6 .60 .05 00 1.00 72 28
51 1.1 57 06 00 1.00 70 .30
52 1.0 .59 .09 00 1.00 71 29
53 1.2 .56 .06 00 1.00 .69 3
54 .1 53 - .14 03 82 63 A7
55 1.0 35 DS .00 1.00 46 .54
56 0.9 53 .24 01 .95 .65 .30
57 1.2 48 .06 02 .60 60 .00
58 0.7 33 .05 00 1.00 43 .57
59 2.0 .76 .30 03 .88 .85 02
60 0.7 51 .09 .00 1.00 .64 36

Note—SIM = rated similarity. [tem numbers are consistent with item numbers in Appendix C.
but the order of names is reversed. The beginning five items (ltems | §) were truncated: there-
fore, the analysis was undertaken for ftems 6 60,
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