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ABSTRACT
We report three experiments designed to reveal the mechanisms that underlie subjective
experiences of recognition by examining effects of how those experiences are measured.
Prior research has explored the potential influences of collecting metacognitive measures on
memory performance. Building on this work, here we systematically evaluated whether
cross-measure contamination occurs when remember-know (RK) and/or confidence (C)
judgments are made after old/new recognition decisions. In Experiment 1, making either RK
or C judgments did not significantly influence recognition relative to a standard no-
judgment condition. In Experiment 2, making RK judgments in addition to C judgments did
not significantly affect recognition or confidence. In Experiment 3, making C judgments in
addition to RK judgments did not significantly affect recognition or patterns of RK responses.
Cross-contamination was not apparent regardless of whether items were studied using a
shallow or deep levels-of-processing task – a manipulation that yielded robust effects on
recognition, RK judgments, and C. Our results indicate that under some conditions,
participants can independently evaluate their recognition, subjective recognition experience,
and confidence. Though contamination across measures of metamemory and memory is
always possible, it may not be inevitable. This has implications for the mechanisms that
underlie subjective experiences that accompany recognition judgments.
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The remember-know (RK) task is commonly used to gauge
the subjective experiences associated with recognition
decisions (Tulving, 1985; Yonelinas, 2002). In a typical RK
experiment, after studying a set of items participants com-
plete a recognition test. In the common two-step pro-
cedure, they first decide whether a test item is “old”
(studied) or “new” (not studied). For each item deemed
old, they then further categorise their recognition experi-
ence as remember or know. Remembering is the experi-
ence of recollecting some details about the item’s
presentation during the study phase (e.g., thoughts,
images, perceptual features). Knowing is often defined as
recognition that is accompanied by a feeling of familiarity
but unaccompanied by recollection of any details about
the study experience. A third option, guess, is sometimes
provided as well, to avoid know judgments being used
for low-familiarity or strategic responding (Gardiner et al.,
1996; Mäntylä, 1993).

Another approach to measuring how recognition is
experienced is to ask for confidence judgments or
ratings. The similarities between RK and confidence

judgments have been widely debated (cf., Gardiner &
Java, 1990; Haaf et al., 2021; Ingram et al., 2012; McCabe
et al., 2009; Parks et al., 2011; Parks & Yonelinas, 2007;
Smith et al., 2011; Wixted, 2007; Wixted & Mickes, 2010).
Our study does not focus on whether RK and confidence
judgments capture the same underlying processes.
Rather, we sought to answer two straightforward meth-
odological questions. The first was: Does asking partici-
pants to assess their subjective experience either
through RK or confidence judgments affect recognition?
To tackle this question, Experiment 1 compared old/new
recognition across three groups: the standard group
made no post-recognition judgments, the RK group
made a remember/know/guess judgment for every item
judged old, and the C group made a confidence judgment
for each item judged old.

Why might the mere inclusion of a RK or confidence
judgment influence recognition? We reasoned that
asking people to assess their subjective experience or
confidence might encourage them to consider their old/
new recognition decisions more thoroughly, perhaps
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affecting their accuracy and/or response bias. The idea that
task performance can be changed by inclusion of a self-
report measure is referred to as “reactivity,” and this has
often been studied in the metacognitive domain (e.g.,
Double & Birney, 2017, 2018; Fox et al., 2011; Mitchum
et al., 2016). Self-reported metacognitive judgments can
be influenced by both information-based processes
based on beliefs about one’s own abilities and competen-
cies, and experience-based processes such as cues result-
ing from subjective feelings that occur during a
cognitive experience (Koriat et al., 2008). If confidence
judgments or RK judgments direct a participant’s attention
toward cues that are more diagnostic of prior study, meta-
cognitive monitoring should be enhanced (see Bodner &
Lindsay, 2003). Consistent with this possibility, Double
and Birney (2017, 2018) reported evidence that partici-
pants who made confidence ratings after providing their
solution to problem-solving or reasoning tasks outper-
formed control participants who did not. They suggested
that reactivity to the word “confidence” throughout the
task facilitated metacognitive monitoring and thereby
enhanced performance (Double & Birney, 2019).

Two studies that set out to gauge the effect of making
RK judgments on recognition performance across one-step
and two-step procedures have yielded different findings.
Hicks and Marsh (1999) compared standard old/new rec-
ognition against both a two-step RK recognition task
(“O/N then RK”, where an old/new judgment is followed
by a RK judgment for all “old” items) and a one-step RK rec-
ognition task (where a single-step remember/know/new
judgment is made). The one-step task resulted in higher
hits and higher false alarms (i.e., liberal response bias) com-
pared to the standard old/new or two-step (O/N then RK)
recognition conditions (for which bias was comparable
and slightly conservative). In contrast, Mulligan et al.
(2010) found that, compared to standard old/new recog-
nition, inclusion of an RK or source judgment at test
resulted in enhanced recognition for items shown in the
same modality at study and test, but this occurred
whether a one-step or two-step procedure was used.

Different outcomes have also been reported in two
studies that examined the effect of making RK judgments
on recognition in other tasks. Using theDRMparadigm (Roe-
diger &McDermott, 1995), Smith et al. (2008) found that false
recognition of critical items was reduced after visual presen-
tation compared to auditory presentation in a one-step
remember/know/guess/new task but was similar across
presentation modalities in a standard old/new recognition
task; correct recognition did not differ across task variants.
However, in their one-step condition, Smith et al. did not
count guesses as “old” responses when calculating hit and
false alarm rates; had they done so, the difference in false
alarms across tasks would have been modest at best.
Naveh-Benjamin and Kilb (2012) asked younger and older
participant groups to complete item (single word) and
associative (paired words) recognition tests either with or
without RK judgments. Typically, older adults display an

associative deficit in comparison to younger adults. Inclusion
of RK judgments eliminated this deficit. That is, associative
task accuracy was boosted for older adults but not for
younger adults when RK judgments were made.

In related work, Rotello et al. (2005) and Geraci et al.
(2009) reported that differences in how RK response
options are defined can also affect recognition. Rotello
et al. (2005) defined remembering in a standard versus
conservative way across groups and found that conserva-
tive instructions resulted in fewer hits being classified as
remembered. Although differences for hits (.73 vs. .80)
and false alarms (.39 vs. .48) across these conditions were
not reliable, given their sample size of N = 24 per condition
these differences would yield medium effect sizes, d = .57,
95% CI Mdiff [-.14, .003] and d = .56, 95% CI Mdiff [-.19,
.006], based on Lakens (2013). Hence, their study may
have been underpowered for detecting these effects.
Thus, it remains possible that conservative remember
instructions also led participants to be more conservative
in their recognition decisions. Geraci et al. (2009) found a
higher hit rate in a confidence judgment condition (sure
vs. unsure) compared to an RK condition. However, they
did not include a standard recognition task, thus it
remains unclear whether the presence of RK judgments
impaired recognition and/or whether the presence of
confidence judgments improved recognition (cf. the
problem-solving studies of Double & Birney, 2017, 2018,
2019). In addition, retrieval condition was varied within-
subjects, with the RK testing session taking place one
week before the confidence judgment session. Therefore
it is also unclear whether the obtained pattern was due
to practice with the experimental procedures and/or the
inclusion of confidence judgments. We have also found
that asking people to assess subjective experience can
reduce hits and false alarms (Williams & Lindsay, 2016,
2022). However, these findings involved cross-experiment
comparisons; inclusion of RK judgments was not the focus.
Nonetheless, the patterns observed in these studies
prompted us to revisit this issue in the present work.

In Experiment 1, we aimed to resolve the question of
whether post-recognition judgments influence recog-
nition. To this end, we compared old/new recognition
across three groups: the standard groupmade no post-rec-
ognition judgments, the RK group made a remember/
know/guess judgment for every item judged old, and
the C group made a confidence judgment for each item
judged old.

Our second research question was whether there is
“cross contamination” in situations where both RK and
confidence judgments are collected. This possibility has
been noted by several researchers; for example: “…
asking multiple orthogonal questions in sequence is
likely to cause confusion and allow participants to blur
the questions together so that decisions on confidence
and RK are not independent” (Migo et al., 2012, p. 1442;
see also Bruno & Rutherford, 2010; Holmes et al., 1998;
Humphreys et al., 2003; Yonelinas, 2001). Researchers
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have employed specific designs to ensure that the two
judgment types could not influence one another. For
example, comparing subjective experience and confidence
across separate groups of participants, separate exper-
iments, or with a week delay between judgment con-
ditions (e.g., Gardiner & Java, 1990; Rajaram, 1993;
Rajaram et al., 2002; Yonelinas, 2001). However, one exper-
iment has examined the influence of RK and confidence
judgments on each other. Sommer et al. (2021) compared
recognition and subjective experiences across five
response conditions: Confidence (C; 1 “very sure new” to
6 “very sure old”), RK-1-step (RKN), RK-2-step (O/N then
RK), C + RK, and RK + C. False alarms were higher when
RK judgments preceded confidence ratings, due to more
liberal responding for items given know judgments in
that condition compared to the others. However, in both
combined-judgment conditions (RK + C and C + RK), the
initial judgment was a 1-step judgment that combined
the RK judgment or confidence rating with the recognition
decision; thus their design did not include a “pure” com-
parison of how RK and confidence judgments influence
each other when made following a recognition decision.

When might cross-contamination of RK and confidence
ratings occur? One possibility is that RK judgments may be
influenced by the presence of confidence ratings, but not
the converse. This pattern might arise if confidence judg-
ment instructions are better understood or adhered to
than RK instructions (Geraci et al., 2009). Another possibility
is that confidence ratingsmaybe influencedby the presence
of RK judgments, but not the converse. This pattern might
arise given that participants are more conservative in
making remember responses compared to high/strong/
sure confidence responses (Dunn, 2004; Gardiner & Java,
1990; Geraci et al., 2009; Haaf et al., 2021). Thus, the presence
of RK instructions might lead participants to adjust their
confidence to bring it in line with their reported subjective
experience. This possibility follows from Gardiner’s (2001)
claim that “it is surely the subjective state of awareness
that gives rise to confidence in memory, not confidence
that gives rise to the state of awareness” (p. 1356). We
explored these two possibilities in Experiments 2 and 3. In
Experiment 2, we compared confidence judgments across
a C group (as per Experiment 1) and an RK + C group who
made a remember/know judgment and a confidence judg-
ment for each recognised item. The design of Experiment 3
was the reverse of Experiment 2; here we compared remem-
ber/know judgments across an RK group (as per Experiment
1) and an RK + C group (as per Experiment 2).

In all three experiments we also manipulated levels of
processing (LOP) at encoding; LOP was varied within-par-
ticipants in Experiment 1 and between-participants in
Experiments 2 and 3. LOP instructions were primarily
included at encoding so that participants had to make a
judgment for each target item and therefore pay attention
to the experiment. We did not have any strong theoretical
predictions for how LOP might affect the impact of
measurement variants on recognition but some previous

research suggests that it could do. The deeper the LOP
at encoding, the more semantic and contextual infor-
mation is likely available for retrieved items at test (e.g.,
Gardiner, 1988). Indeed, deeper LOP increases both
overall recognition and rate of remember responses (e.g.,
Gardiner, 1988; Gardiner et al., 1996; Perfect et al., 1995;
Rajaram, 1993). Research suggests that LOP can affect
how strict or lenient a participant is when assigning
remember judgments to recognised items (Bodner &
Lindsay, 2003; Tousignant et al., 2015; Tousignant &
Bodner, 2012; Williams & Lindsay, 2019). If test-list
context influences how participants define the subjective
experience response options for themselves during the
task (Bodner & Lindsay, 2003), then the mere presence of
judgments in the task context might also influence partici-
pants’ recognition decisions, and perhaps differentially for
deep versus shallow LOP items. On the one hand, making
post-recognition judgments could enhance recognition of
deeply encoded items preferentially because participants
would know what kinds of cues they should access from
memory to support a remember response. On the other
hand, making post-recognition judgments could improve
recognition of shallowly encoded items by inducing par-
ticipants them to consider aspects of each item that are
not otherwise considered for shallowly encoded items
(e.g., thoughts arising during encoding).

Experiment 1: Does making RK or C judgments
affect recognition?

Experiment 1 tested our first research question: Does asking
participants to assess their metacognitive recognition
experience either through RK or C judgments affect recog-
nition? We compared old/new recognition across three
groups: The standard groupmade no post-recognition judg-
ments, the RK group made a remember/know/guess judg-
ment for every item judged old, and the C group made a
confidence judgment for each item judged old. Half the
items were studied under shallow encoding instructions
and half under deep encoding instructions; deep and
shallow items were intermixed with new items at test.

Method

Design and participants
A mixed design was used, with encoding condition
(shallow vs. deep) as the within-subjects factor and test
group (standard vs. RK vs. C) as the between-subjects
factor. Table 2 provides the Ns for each condition. Partici-
pants were excluded if their hit or false alarm rate
suggested they misunderstood the instructions or were
guessing (z-scores of >±3; criteria set prior to data collec-
tion; n = 7). This left 151 participants for analysis (72
female; mean age = 25.51 years, SD = 9.86). This sample
gave us a priori power of .92 to detect a medium effect
of test group (Cohen’s f = .25; G*Power 3.1.5; Faul et al.,
2007).
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learning
phase.
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follow
ing

deep
than

shallow
encoding,F(1,148)=

309.01,
M
SE

=
0.020,p

<
.001,

η
2
=
.68.In

contrast,the
hit

rate
did

not
diff

er
significantly

across
test

group
s,

F(2,
148)=

0.053,
M
SE

=
0.041,

p
=
.95,

η
2
=
.001,

and
the

interaction
w
ith

encoding
condition

w
as

not
significant,

F(2,
148)=

0.40,
M
SE

=
0.020,

p
=
.67,

η
2
=
.002.

A
one-w

ay
A
N
O
VA

indicated
thatthe

false
alarm

rate
also

did
notdiff

ersignifi-
cantly

test
group

s,F(2,148)=
0.68,M

SE
=
0.013,p

=
.51,η

2

=
.009.For

the
signal-detection

m
easures,analogous

one-
w
ay

A
N
O
VA

s
indicated

that
neither

discrim
ination

(d ′)nor
resp

onse
b
ias

(c)
diff

ered
significantly

across
group

s,F(2,
148)=

0.79,
M
SE

=
0.46,

p
=
.45,

η
2
=
.011,

and
F(2,

148)=
0.17,M

SE
=
0.15,p

=
.85,η

2
=
.002,resp

ectively.
Bayes

factors
(BFs)

w
ere

used
to

assess
the

strength
of

evidence
for

these
results.

For
hits,

a
Bayesian

A
N
O
VA

(using
JA
SP

version
0.11.1;

JA
SP

Team
,
2019)

com
p
ared

the
strength

of
evidence

for
m
odels

assum
ing

the
follow

-
ing

e
ff
ect(s)against

a
m
odelassum

ing
only

nulle
ff
ects:1)

encoding-only,
2)

test-only,
3)

encoding
+
test,

4)
encod-

ing
+
test+

interaction.
Each

m
odel

p
roduces

a
Bayes

factor,w
hich

quantifies
the

relative
strength

of
evidence

for
that

m
odel

in
com

p
arison

to
the

null
m
odel.

The
ratio

of
the

BFs
from

the
b
est-fitting

m
odel

vs.next-b
est

m
odel

allow
s
us

to
quantify

the
degree

of
sup

p
ort

for
the

b
est-fitting

m
odel.The

encoding-only
m
odelb

est
p
re-

dicted
the

data
(BF

1
0
=
4.73

×
10

3
9).

The
next

b
est

m
odel

w
as

the
encoding

+
test

m
odel

(BF
1
0
=
3.04

×
10

3
8).

H
ow

ever,
the

encoding-only
m
odel

w
as

p
referred

over
the

encoding
+
test

m
odelb

y
a
Bayes

factor
of

15.59,p
ro-

viding
strong

evidence
thathits

w
ere

in
fluenced

b
y
encod-

ing
condition

b
utnotb

y
testgroup

(classification
sp
ecified

b
y
W
agenm

akers
et

al.,2018).For
false

alarm
s,d ′,and

c,a
m
odel

assum
ing

an
e
ff
ect

of
test

group
w
as

com
p
ared

against
the

nullm
odel,and

there
w
as

strong
to

m
oderate

evidence
that

test
group

did
not

in
fluence

false
alarm

s
(BF

0
1
=
8.61),

d ′
(BF

0
1
=
7.79),

or
c
(BF

0
1
=
13.20).

In
sum

,
assessing

con
fidence

or
sub

jective
exp

erience
after

each
“old

”
recognition

decision
did

not
alter

recognition
for

item
s
studied

ateithera
shallow

ordeep
levelofencoding.

Exp
erim

en
t
2:D

o
es

m
akin

g
R
K
ju
d
g
m
en

ts
a
ff
ect

reco
g
n
itio

n
an

d
/o
r
C
ju
d
g
m
en

ts?

Exp
erim

ents
2
and

3
tested

our
second

research
question:

W
hen

b
oth

RK
and

C
judgm

ents
are

collected,
does

one
typ

e
of

judgm
ent

in
fluence

the
other?

Exp
erim

ent
2
com

-
p
ared

con
fidence

judgm
ents

across
a

C
group

(as
p
er

Exp
erim

ent
1)

and
an

RK
+
C
group

w
ho

m
ade

a
rem

em
-

b
er/know

judgm
ent

and
a
con

fidence
judgm

ent
for

each
recognised

item
.
This

design
enab

led
us

to
evaluate

w
hether

m
aking

b
oth

RK
and

C
judgm

ents
a
ff
ects

recognition
relative

to
w
hen

only
C
judgm

ents
are

m
ade,

and
also

w
hether

m
aking

RK
judgm

ents
in
fluences

C
judgm

ents.

M
ethod

D
esign

and
participants

D
iff
erent

from
Exp

erim
ent

1,
Exp

erim
ent

2
used

a
fully

b
etw

een-sub
jects

design
w
ith

encoding
condition

(shallow
vs.

deep
)
and

test
group

(RK
+
C

vs.
C
)
as

the
factors.U

niversity
of

Victoria
undergraduates

p
articip

ated
for

b
onus

credit.Particip
ants

w
ere

excluded
if
their

hit
or

false
alarm

rates
suggested

they
m
isunderstood

the
instructions

or
w
ere

guessing
(z-scores

of
>
±
3;

n
=
4).

This
left

195
p
articip

ants
for

analysis
(148

fem
ale;

m
ean

age
=
20.63

years,
SD

=
3.68,

range
=
18-40).

A
ssignm

ent
to

group
s
w
as

random
ised,

resulting
in

the
N
s
show

n
in

Tab
le

4.
This

sam
p
le

gave
us

a
p
riori

p
ow

er
of

.94
to

detect
a
m
edium

e
ff
ect

of
test

group
(C
ohen

’s
f=

.25;
G
*Pow

er
3.1.5;Faulet

al.,2007).

Stim
uli

Stim
uliw

ere
m
edium

-frequency
5–8

letter
w
ords

from
the

M
RC

Psycholinguistic
datab

ase
(m

ean
fam

iliarity
rating

of
424,range

=
350-480);56

w
ords

w
ere

random
ly

allocated
to

tw
o
lists.U

se
of

lists
as

target
or

lure
stim

uliw
as

coun-
terb

alanced
across

p
articip

ants.
Filler

item
s
b
u
ff
ered

the
study

lists,
as

p
er

Exp
erim

ent
1.

To
acquaint

p
articip

ants
w
ith

the
test

p
rocedure

the
4
studied

fillers
w
ere

inter-
m
ixed

w
ith

4
lure

fillers
at

the
start

of
the

recognition
test;

fillers
w
ere

not
analyzed.Stim

uliare
availab

le
online

(http
s://osf.io/hf38m

/)

Procedure
Exp

erim
ents

2
and

3
received

ethical
ap

p
roval

from
the

U
niversity

of
Victoria

H
um

an
Research

Ethics
O
ffi
ce

(Ref:12-503).
Particip

ants
w
ere

tested
individually,

and
the

exp
erim

ent
w
as

run
on

E-Prim
e
version

2.0.
Instruc-

tions
w
ere

p
rovided

on
screen

for
either

the
shallow

encoding
task

(“does
the

w
ord

contain
the

letter
‘a’?”;

resp
onse:

yes
or

no)
or

the
deep

encoding
task

(“is
the

w
ord

p
leasant?”;

resp
onse:

yes
or

no).
D
uring

the
study

p
hase,targetw

ords
w
ere

p
resented

individually,p
receded

b
y
a
fixation

cross
“+
”
for

750
m
s.Resp

onses
w
ere

m
ade

using
num

b
er

keys
(1
=
yes,2

=
no),

and
p
articip

ants
had

2
s
to

resp
ond.

Item
p
resentation

order
w
as

random
ised

for
each

p
articip

ant.
A
fter

the
study

p
hase,p

articip
ants

com
p
leted

tw
o
b
rief

distractor
tasks

(sp
eed

of
p
rocessing).The

old/new
recog-

nition
judgm

ent
instructions

w
ere

then
p
resented,as

p
er

Exp
erim

ent
1.Particip

ants
in

the
RK

+
C
group

w
ere

then

Table
2.M

eans
[betw

een-subjects
95%

CIs]
of

recognition
perform

ance
m
easures

by
test

group,Experim
ent

1.

Test
group

N
D
eep

proportion
hit

Shallow
proportion

hit
Proportion

false
alarm

s
D
iscrim

ination
(d ′)

Response
bias

(c)

Standard
51

.92
[.89,.95]

.61
[.55,.68]

.15
[.12,.18]

1.87
[1.68,2.05]

.14
[.03,.25]

C
46

.90
[.88,.93]

.63
[.57,.70]

.13
[.09,.16]

2.04
[1.84,2.23]

.18
[.07,.30]

RK
54

.91
[.88,.93]

.61
[.55,.68]

.14
[.11,.18]

1.91
[1.73,2.09]

.18
[.07,.28]
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instructed
to

m
ake

RK
and

con
fidence

judgm
ents

for
each

w
ord

deem
ed

“old
”.Forthe

RK
judgm

ent,they
w
ere

asked
‘W

hat
is
your

EX
PERIEN

C
E
of

recognizing
this

w
ord?’and

they
classified

their
exp

erience
as

R
(for

“rem
em

b
er”),

K
(for

“know
”),

F
(for

“fam
iliar”),

or
G

(for
“guess”)

as
describ

ed
in

Tab
le

3;
these

de
finitions

w
ere

p
rovided

on
p
ap

er
for

reference
during

the
test. 1

For
the

con
fidence

judgm
ent,they

w
ere

asked
to

rate
their

con
fidence

on
a

scale
of

1
“not

con
fident

at
all”

to
7

“extrem
ely

con
fident.”

Judgm
ent

order
w
as

counterb
alanced

across
item

s,
and

this
assignm

ent
w
as

counterb
alanced

across
p
articip

ants. 2
The

C
group

only
judged

con
fidence.

Each
test

trialb
egan

w
ith

a
fixation

cross
“+
”
for

750
m
s.

A
w
ord

w
as

then
p
resented

above
the

cues
“new

(press
“1”

key)”
and

“old
(press

“2”
key)”.A

fter
an

“old
”
resp

onse,p
ar-

ticipants
m
ade

their
RK

and/or
C
judgm

ents
b
y
clicking

a
response

box
on

the
screen

using
the

m
ouse.In

b
etw

een
responses,

b
rief

variable
blank

intervals
w
ere

inserted
to

vary
the

lag
betw

een
judgm

ents
(for

purp
oses

relevant
to

a
sep

arate
research

p
roject).

Participants
w
ere

instructed
to

respond
as

quickly
as

p
ossib

le
w
hile

rem
aining

accurate.

R
esults

and
discussion

W
e

w
ere

interested
in

w
hether

recognition
m
easures

diff
ered

across
group

s,and
m
ore

so
in

w
hether

assessing

one’s
recognition

exp
erience

alongside
con

fidence
judg-

m
ents

changes
con

fidence
ratings.

Follow
ing

W
illiam

s
et

al.
(2022),

w
e
excluded

judgm
ents

(old/new
,
RK,

or
C
)

m
ade

faster
than

300
m
s
or

slow
er

than
8
s
(>

0.5%
p
er

judgm
ent).

Recognition
A
nalyses

follow
ed

Exp
erim

ent
1
excep

t
w
here

noted.W
e

first
exam

ined
w
hether

m
aking

rem
em

b
er-know

judg-
m
ents

in
fluenced

recognition
in

term
s

of
hits,

false
alarm

s,
discrim

ination
(d ′),

and/or
resp

onse
b
ias

(c);
the

m
eans

are
show

n
in

Tab
le

4.
For

each
m
easure

w
e
con-

ducted
a
2
(encoding

condition:
shallow

vs.
deep

)
x
2

(test
group

:C
vs.RK

+
C
)
b
etw

een-sub
jects

A
N
O
VA

.
The

A
N
O
VA

s
yielded

rob
ust

m
ain

e
ff
ects

of
encoding

on
hits

and
d ′

(deep
>
shallow

),
false

alarm
s
(shallow

>
deep

),and
c
(m

ore
conservative

after
deep

than
shallow

encoding),resp
ectively:F(1,191)=

213.09,M
SE

=
0.016,p

<
.001,

η
2
=
.53;

F(1,
191)=

259.39,
M
SE

=
0.280,

p
<
.001,

η
2
=
.57;

F(1,
191)=

15.35,
M
SE

=
0.011,

p
<
.001,

η
2
=
.074;

and
F(1,191)=

27.58,M
SE

=
0.155,p

<
.001,η

2
=
.13.In

con-
trast,the

m
ain

e
ff
ect

of
test

group
w
as

not
significant

for
hits,

F(1,
191)=

0.35,
p
=
.56,

d ′,
F(1,

191)=
1.81,

p
=
.18,

false
alarm

s,
F(1,

191)=
0.59,

p
=
.45,

or
c,

F(1,
191)=

0.126,
p
=
.72.

Sim
ilarly,

test
group

did
not

interact
w
ith

encoding
for

hits,
F(1,

191)=
1.32,

p
=
.25,

d ′,
F(1,

191)=
0.22,

p
=
.64,

false
alarm

s,
F(1,

191)=
1.64,

p
=
.20,

or
c,

F
(1,

191)=
1.79;

p
=
.18.

The
corresp

onding
Bayesian

A
N
O
VA

m
odel

com
p
arisons

are
p
rovided

in
Tab

le
5.

These
analyses

p
rovided

m
oderate

sup
p
ort

for
the

con-
clusion

that
only

encoding
in
fluenced

these
recognition

m
easures.In

sum
,recognition

w
as

sim
ilar

w
hether

p
artici-

p
ants

m
ade

b
oth

rem
em

b
er-know

and
con

fidence
judg-

m
ents

or
only

con
fidence

judgm
ents

after
“old

”
decisions.

C
on

fidence
judgm

ents
W
e

next
exam

ined
w
hether

m
aking

RK
judgm

ents
in
fluenced

con
fidence

judgm
ents.

To
this

end,
w
e
con-

ducted
sep

arate
2
(encoding

condition:shallow
vs.deep

)
x
2
(test

group
:
C

vs.
RK+

C
)
b
etw

een-sub
jects

A
N
O
VA

s
on

m
ean

con
fidence

for
b
oth

hits
and

false
alarm

s
3;
the

m
eans

are
show

n
in

Figure
1.

C
on

fidence
judgm

ents
w
ere

m
ade

on
a
scale

of
1-7.

Forhits,there
w
as

a
significantm

ain
e
ff
ectofencoding,

re
flecting

higher
con

fidence
after

deep
than

shallow
encoding,

F(1,
191)=

178.14,
M
SE

=
0.523,

p
<
.001,

η
2

Table
4.M

eans
[betw

een-subjects
95%

CIs]
of

recognition
perform

ance
m
easures

by
encoding

and
test

groups,Experim
ents

2
and

3.

Experim
ent

Encoding
condition

Test
group

N
Proportion

hit
Proportion

false
alarm

s
D
iscrim

ination
(d ′)

Response
bias

(c)

Exp.2
Shallow

C
50

.57
[.53,.61]

.16
[.13,.19]

1.24
[1.10,1.39]

.43
[.32,.54]

RK
+
C

48
.61

[.57,.64]
.17

[.14,.20]
1.31

[1.16,1.46]
.38

[.27,.49]
D
eep

C
48

.86
[.82,.90]

.12
[.09,.15]

2.43
[2.28,2.60]

.06
[-.05,.17]

RK
+
C

49
.85

[.81,.89]
.09

[.06,.12]
2.57

[2.42,2.72]
.16

[.05,.27]
Exp.3

Shallow
RK

50
.63

[.60,.66]
.22

[.19,.25]
1.18

[1.06,1.31]
.25

[.15,.35]
RK

+
C

48
.61

[.57,.64]
.17

[.14,.20]
1.35

[1.22,1.48]
.39

[.29,.49]
D
eep

RK
48

.83
[.80,.87]

.10
[.07,.13]

2.37
[2.25,2.50]

.17
[.07,.27]

RK
+
C

47
.85

[.81,.88]
.10

[.07,.13]
2.37

[2.25,2.50]
.13

[.02,.23]

Table
3.

Response
options

and
de
finitions

in
the

RK
+
C

groups
in

Experim
ents

2
and

3.

Response
D
e
finition

R
You

have
an

experience
ofRem

em
bering

the
w
ord.This

could
include

seeing
the

w
ord

in
your

m
ind’s

eye,recollecting
som

ething
that

you
thought

or
pictured

w
hen

you
saw

the
w
ord

on
the

originallist,and/orhaving
a
sense

ofyourselfin
the

past.For
exam

ple,ifyou
see

som
eone

on
the

street
you

m
ay

think
“W

ho
is
that?

O
h
yes,it’s

the
person

Isaw
in
line

in
the

book
store,Irem

em
berthinking

w
hata

funny
hatthey

had
on

…
”

K
You

feelthatyou
justKnow

thatthe
w
ord

w
as

on
the

previous
list

w
ithout

any
ofthe

other
feelings

associated
w
ith

vividly
rem

em
bering

that
you

have
seen

the
w
ord

before.For
exam

ple,ifyou
see

som
eone

on
the

streetyou
m
ay

think
“W

ho
is
that?

O
h
yes,it’s

m
y
friend

Rob”.
F

You
have

a
feeling

ofFam
iliarity

w
ith

the
w
ord

and
because

of
that

you
think

that
the

w
ord

w
as

one
you

saw
on

the
study

list.For
exam

ple,if
you

see
som

eone
on

the
street

you
m
ay

think
“W

ho
isthat?

They
look

very
fam

iliar…
Idon’tknow

w
here

Iknow
them

from
but

they
are

de
finitely

fam
iliar…

”
G

You
had

no
feelings

of
fam

iliarity
or

any
other

m
em

ories
associated

w
ith

the
w
ord

and
sim

ply
G
uessed

thatthe
w
ord

had
been

on
the

previous
list.
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= .48. The main effect of test group was not significant, F(1,
191) = 0.15, p = .70, nor was the interaction, F(1, 191) =
0.08, p = .78. For false alarms, confidence did not differ sig-
nificantly across encoding conditions, F(1, 186) = 0.82,MSE
= 1.18, p = .37, η2 = .004, or test groups, F(1, 186) = 1.56, p
= .21, but here the interaction was significant, F(1, 186) =
4.42, p = .037, η2 = .023, see Figure 1. For the shallow

encoding condition, confidence ratings for false alarms
were equivalent across the C and RK + C groups, t(96) =
0.63, p = .53, but for the deep encoding condition, confi-
dence ratings for false alarm were higher in the C group
than in the RK + C group, t(90) = 2.28, p = .025, d = .48.
The corresponding Bayesian analyses produced moderate
evidence that only encoding influenced confidence for
hits, and moderate evidence that the null model was the
best fit for confidence in false alarms (see Table 5). In
sum, the effects of encoding were robust but effects of
test group were generally absent for both recognition
and confidence, and making RK judgments did not signifi-
cantly affect participants’ confidence.

Experiment 3: Does making C judgments affect
recognition and/or RK judgments?

In Experiment 2, RK judgments appeared not to influence
recognition or confidence. In Experiment 3 we tested the
converse, namely whether (1) making confidence judg-
ments influences RK judgments, and (2) whether making
both confidence and RK judgments affects recognition
relative to when only RK judgments are made. After each
“old” recognition response, participants either made
both RK and C judgments (RK + C group) or made only
RK judgments (RK group). Their recognition and patterns
of recognition experiences were compared. To establish
generality, we again varied LOP at encoding.

Method

Design and participants
As in Experiment 2, we used a between-subjects design
with encoding condition (shallow vs. deep) and test

Table 5. Results of 2 (encoding condition) x 2 (test group) Bayesian ANOVAs on each recognition measure in Experiment 2.

Measure Best model
BF10 = for best

model
Next best
model

BF10 = for next
best model

BF10 = for model
comparison Evidence classification

Hits Encoding-
only

4.47 × 1029 Encoding +
test

8.32 × 1028 5.38 Moderate evidence for encoding-only
model being the best model.

Encoding-only = extremely strong
support for H1

False alarms Encoding-
only

170.01 Encoding +
test

33.63 5.06 Moderate evidence for encoding-only
model being the best model.

Encoding-only = extremely strong
support for H1

d′ Encoding-
only

1.23 × 1034 Encoding +
test

4.41 × 1033 2.80 Anecdotal evidence for encoding-only
model being the best model.

Encoding-only = extremely strong
support for H1

c Encoding-
only

33,262.25 Encoding +
test

5,753.68 5.78 Moderate evidence for encoding-only
model being the best model.

Encoding-only = extremely strong
support for H1

Mean
confidence
Hits

Encoding-
only

1.04 × 1026 Encoding +
test

1.68 × 1025 6.20 Moderate evidence for encoding-only
model being the best model.

Encoding-only = extremely strong
support for H1

Mean
confidence
FAs

Test-only 0.300 Encoding-
only

0.238 1.26 Moderate evidence for null model

Note: Evidence classification specified by Wagenmakers et al. (2018).

Figure 1. Mean confidence for hits and false alarms by encoding condition
and test group in Experiment 2. Error bars show 95% confidence intervals.
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Remember-Know judgments
We next examined whether making confidence judg-
ments influenced RK judgments.4 First we compared
hits for each RK response using a 2 (encoding condition:
shallow vs. deep) x 2 (test group: RK vs. RK+C) between-
subjects ANOVA (see Figure 2). For R judgments, there
was a significant effect of encoding condition, F(1, 189)
= 27.64, MSE = 0.054, p < .001, η2 = .126, but no signifi-
cant effect of test group, F(1, 189) = 2.24, p = .14, or inter-
action, F(1, 189) = 1.08, p = .30. The same pattern
occurred for K judgments, respectively, encoding: F(1,
189) = 6.95, MSE = 0.045, p = .009, η2 = .035; test
group: F(1, 189) = 0.61, p = .44, and interaction: F(1,
189) = 0.25, p = .62. For F judgments there was a signifi-
cant reverse-LOP effect, with fewer F judgments after
deep than shallow encoding, F(1, 189) = 122.55, MSE =
0.016, p < .001, η2 = .39, but again the main effect of
test group and interaction were not significant, F(1, 189)
= 1.41, p = .24, and F(1, 189) = 0.46, p = .50, respectively.
The same pattern occurred for G judgments, respectively,
encoding condition showed significant reverse-LOP
effect: F(1, 189) = 21.26, MSE = 0.007, p < .001, η2 =
.101; no significant effect of test group: F(1, 189) = 0.12,
p = .73, and no significant interaction: F(1, 189) = 0.56,
p = .46. The corresponding Bayesian analyses produced
anecdotal to moderate support for the conclusion that
only encoding influenced recognition judgments for hits
(see Table 6).5

Equivalent ANOVAs were conducted for false alarms
and although a few of the effects of LOP were significant,
none of the effects of test group or their interaction were
significant, respectively; for R judgments, encoding F(1,
187) < 0.007, MSE = 0.034, p = .98, test group, F(1, 187) =
0.28, p = .60, and interaction, F(1, 187) = 0.16, p = .69; for
K judgments, encoding, F(1, 187) < 0.007, MSE = 0.030, p
= .98, test group, F(1, 187) = 0.81, p = .37, and interaction,
F(1, 187) = 0.20, p = .65; for F judgments, encoding, F(1,
187) = 4.05, MSE = 0.070, p = .046, η2 = .021, test group, F
(1, 187) = 0.13, MSE = 0.070, p = .72, and interaction, F(1,
187) = 0.76, MSE = 0.070, p = .39; for G judgments, encod-
ing, F(1, 187) = 4.53, MSE = 0.062, p = .035, η2 = .024, test
group, F(1, 187) = 0.37, p = .54, and interaction, F(1, 187)
= 0.098, p = .76. For R and K false alarms, the corresponding
Bayesian ANOVAs provided most support for the null
model; for F and G false alarms there was evidence that
LOP influenced participants’ use of these response
options, but this support was anecdotal and effect sizes
were small (see Table 6). In sum, effects of test group
were absent for both recognition and subjective recog-
nition judgments, and making C judgments did not
affect participants’ recognition judgments.

General discussion

Our first research question was whether asking partici-
pants to assess their subjective experience, either

Figure 2. Mean proportion of hits and false alarms assigned to subjective experience response options (remember, know, familiar, guess) by encoding
condition and test group in Experiment 3. Error bars show only lower 95% confidence intervals to avoid overlap.
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through RK or confidence judgments, affects old/new rec-
ognition for unrelated words. In Experiment 1, the addition
of RK or C judgments did not alter recognition relative to a
no-judgment condition in terms of hits, false alarms, or
signal-detection indices. The similarity of recognition
with or without RK judgments replicates Hicks and Marsh
(1999) – here we showed that this similarity holds
whether items were encoded in a deep or shallow LOP
task. The similarity of recognition with or without C judg-
ments, on the other hand, contradicts Geraci et al. (2009),
and suggests that their finding of an influence of C judg-
ments on recognition may have been an artefact of their
use of an RK-then-C testing order, which confounded rec-
ognition task practice with judgment order. Reassuringly
for memory researchers, asking participants to make RK
or C judgments alongside their old/new judgments
appeared not to affect how they experienced or output
their recognition responses.

Our findings raise the question of why making subjec-
tive judgments results in metacognitive reactivity in
some situations but not in others. In contrast to our null
findings, Mulligan et al. (2010) found including RK judg-
ments improved recognition, but only in their modality-
match condition. They reasoned that this influence arose
because retrieval of perceptual information was particu-
larly pertinent in that condition. Similarly, Naveh-Benjamin
and Kilb (2012) found that older adults’ associative
memory was improved by the presence of a remember-
know judgment, whereas younger adults’ associative
memory and item recognition were not affected. They
suggested that requiring RK judgments provides older
adults with a trigger to adopt associative strategies
during encoding and retrieval that they do not otherwise
employ. Moreover, Double and Birney (2017, 2018, 2019)
found that requiring a subjective judgment influenced
performance in another cognitive domain – problem
solving. In a problem-solving task such as a Latin Square
or Raven’s Matrix, how processing is metacognitively mon-
itored is self-initiated and intentional. In a recognition task,
in contrast, one’s processing is more stimulus-driven and
unfolds at least in part in an automatic manner (e.g.,
Eich, 1980). Perhaps reactivity to self-report measures is
more likely when a task prompts additional processing in
the primary task that otherwise would not be performed.
In our recognition task, the requirement to make RK or C
judgments may not have prompted extra processing,
suggesting that participants evaluated their recognition
decisions similarly regardless of whether they were also
asked to make RK or C judgments.

Turning to our second research question, Experiments 2
and 3 tested the common (but hitherto untested) assump-
tion that confidence and RK judgments influence each
other (Holmes et al., 1998; Humphreys et al., 2003; Migo
et al., 2012; Yonelinas, 2001). Reassuringly, we found no
evidence that making RK judgments influences C judg-
ments (Experiment 2), or that making C judgments influ-
ences RK judgments (Experiment 3). These null results

were unexpected. We had thought that being asked to
assess retrieval of contextual associated info (remember-
ing) might reduce participant’s use of the highest confi-
dence response. That expectation follows from the
finding that participants are typically more lenient in
making high confidence ratings than in making remember
judgments (e.g., Dunn, 2004; McCabe et al., 2011). Our
experiments replicated this pattern, 59-68% of deep LOP
items were assigned to the highest level of confidence
across our experiments, whereas only 43-51% were
assigned to remember. But, crucially, patterns of RK or C
judgments were not affected by the requirement to
make the other type of judgment.

Geraci et al. (2009) suggested that C judgment instruc-
tions may be more easily understood by participants than
RK instructions. Moreover, the wording of RK instructions,
and the response options participants are offered in RK
tasks, can impact how a given option is used (Geraci
et al., 2009; Rotello et al., 2005; Williams & Lindsay,
2019; see also Umanath & Coane, 2020, for evidence
and discussion of differences between how psychologists
and lay people differentiate remembering from knowing).
Based on such findings, Haaf et al. (2021) argued that C
judgments should be preferred over RK judgments.
However, as noted by Migo et al. (2012), use of C judg-
ments can also be problematic. For example, participants
may find it difficult to make fine discriminations between
highly confident memories (Mickes et al., 2011). In
addition, when given detailed confidence scales, partici-
pants tend to reduce the scale and respond in only
fixed increments (Mickes et al., 2007). Kantner and
Dobbins (2019) showed that confidence in recognition
can be influenced by individual differences even more
than by the accuracy of the recognition decision. And
McCabe et al. (2011), in an experiment employing think-
aloud protocols at both study and test, found that C judg-
ments showed weaker correspondence with levels of
contextual retrieval than did RK judgments. From these
findings, McCabe et al. noted that it is hard to know
what type of information participants use as the basis
for making their C judgments.

Regardless of which type of post-recognition judgment
is deemed “best,” our findings indicate that either RK or C
judgments can be used without contaminating basic rec-
ognition measures. We were unable to find compelling evi-
dence that the mere presence of RK or C judgments
influences recognition. Nor did we find that these two
different post-recognition judgments cross-contaminate
each other. Nonetheless, some caution is warranted
regarding the generalizability of our findings. No research
has so far examined whether there is reactivity in tests
using other materials (e.g., categorised words, pictures),
or for other types of recognition test (e.g., associative rec-
ognition, multiple-choice tests). Additionally, our partici-
pants made C judgments using a 1–7 scale, but
confidence has been measured many other ways across
studies. For example, perhaps calibration accuracy for
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confidence might be affected by the presence of RK judg-
ments when confidence is measured on a 0-100% scale.
Further research examining reactivity and the potential
for contamination with other materials, other confidence
scales, and other types of recognition test would therefore
be beneficial.

Typical confidence instructions provide participants
with limited or no guidance regarding the type of infor-
mation they should base their C ratings on. Therefore, C
judgments may provide less precise information regarding
the subjective experiences associated with retrieval than
do RK judgments (McCabe et al., 2011). As long as RK
definitions and instructions are published to enable fully-
informed comparisons across experiments (Migo et al.,
2012; Williams & Lindsay, 2019), we suggest that RK judg-
ments add value beyond that provided by C judgments.
But our findings suggest that there is no harm in collecting
both types of measures on each trial of an old/new word
recognition experiment.

Notes

1. In Experiment 1 participants used the response options R/K/G
while in Experiments 2 and 3 participants used the response
options R/K/F/G (cf. Table 1 and Table 3). This was due to
changes in lab protocols across the period in which these
experiments were conducted. The separation of non-recollec-
tion into Know and Familiar is discussed in Williams and
Lindsay (2019).

2. Order of judgments was only applicable to the RK+C group so
it could not be included as a factor in the main ANOVAs. Our
supplementary Analyses confirm that there were no effects of
the order of post-recognition judgments in Experiments 2 and
3 (see https://osf.io/hf38m/).

3. Our Supplementary Analyses (see https://osf.io/hf38m/)
provide the proportion of hits and false alarms by recognition
experience (RK+C group) and confidence level (C group). As in
Experiment 1, participants used the responses appropriately.

4. Our Supplementary Analyses (see https://osf.io/hf38m/)
provide mean confidence and the proportion of hits and
false alarms by confidence level (1-7).

5. In typical R/F/G or R/K/G tasks with three response options,
the proportion of K (or F) responses tends to be lower after
deep compared to shallow encoding, because of the increase
in R responses (cf. Supplementary Analyses Figure 1 for
Experiment 1 means: https://osf.io/hf38m/). The rather
unusual result of more know responses after deep encoding
is due to the separation of know and familiar responses. We
are exploring patterns of K and F responses in 4-option R/
K/F/G tasks in other work (Williams et al., 2022). Critically,
here there was no significant difference in patterns of subjec-
tive experience across test groups, suggesting that making
confidence judgments did not affect how participants used
the four response options.
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