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Source identification refers to memory for the origin of information. A consistent nomenclature is
introduced for empirical measures of source identification which are then mathematically analyzed
and evaluated. The ability of the measures to assess source identification independently of identifica
tion of an item as old or new depends on assumptions made about how inconsistencies between the
item and source components of a source-monitoring task may be resolved. In most circumstances, the
empirical measure that is used most often when source identification is measured by collapsing across
pairs of sources (sometimes called "the identification-of-originscore") confounds item identification
with source identification.Alternative empirical measures are identified that do not confound item and
source identification in specified circumstances. None of the empirical measures examined provides
a valid measure of source identification in all circumstances.

If a few days from now you remember reading an arti
cle about empirical measures of source identification and
then try to remember in which of the many journals on
your shelf you read it, you are facing a task that requires
source memory. Source memory, or source identification,
refers to memory for the origin ofinformation. Questions
regarding source identification have attracted increased
attention in many fields of psychology, following work
by Johnson and her colleagues, which has made use of
reality- and source-monitoring experimental paradigms
(see, e.g., Foley, Johnson, & Raye, 1983; Johnson, Kahan,
& Raye, 1984; Johnson & Raye, 1981; Johnson, Raye,
Foley, & Foley, 1981). This widespread interest in source
identification highlights the need for appropriate mea
sures of memory for the source of information. The ideal
measure of source identification would be sensitive to
differences in the ability to identify sources of informa
tion without being sensitive to differences in the ability
to remember the information itself. In this paper we will
sketch a computational-level theory (cf. Marr, 1982) of
the memory and decision processes involved in the per
formance of a source-monitoring task. This theory will
then be used to analyze several ofthe empirical measures
that have been used to assess source memory. Whether
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individual measures provide adequate measures ofsource
identification depends on assumptions made about how
inconsistencies produced by the item and source processes
involved in source monitoring are resolved. We will
show that most of the measures that are commonly used
confound memory for the source with memory for the
item in most circumstances. We will also identify a set of
assumptions under which two rarely used measures of
source memory are not affected by memory for the item.
Finally, we will identify a different set of assumptions
under which all of the analyzed measures confound item
memory and source memory. We begin with a brief sur
vey of the source-monitoring literature. A comprehen
sive review can be found in Johnson, Hashtroudi, and
Lindsay (1993).

Source memory is usually tested with a source
monitoring paradigm in which subjects are asked if items
of information have either been presented previously by
one of several sources or have not been presented before.
Three basic types of source-monitoring paradigm have
received attention (Johnson et al., 1993). In an external
source-monitoring paradigm, the task is to remember
which one ofseveral sources outside ofoneself(e.g., dif
ferent people or different journal articles) provided cer
tain information. Internal source monitoring refers to the
discrimination of different kinds of self-generated infor
mation (e.g., discrimination of thoughts and dreams). In
a reality-monitoring paradigm, one must determine
whether remembered information came from an external
source or was self-generated. The domains in which
these three types of source-monitoring paradigm have
been used are very diverse and include basic and applied
memory research; cognitive, developmental, social, and
personality psychology; neuropsychology; psychopathol-
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ogy; and psycholinguistics. Source memory paradigms
have been used to address questions regarding the rela
tionship between the source and the credibility of infor
mation (see, e.g., Begg, Anas, & Farinacci, 1992; Gruder
et al., 1978; Hannah & Sternthal, 1984), eyewitness tes
timony (Lindsay, 1990; Lindsay & Johnson, 1989; Zara
goza & Koshmider, 1989), cryptomnesia (Brown & Hal
liday, 1991; Marsh & Bower, 1993), and the relationship
between source-monitoring ability and certain personal
ity traits (Durso, Reardon, & Jolly, 1985). Source moni
toring has also been examined in different subject popu
lations, including children (Foley & Johnson, 1985;
Gopnik & Graf, 1988; Lindsay, Johnson, & Kwon, 1991),
older adults (Dywan & Jacoby, 1990; Ferguson, Hash
troudi, & Johnson, 1992; Hashtroudi, Johnson, & Chros
niak, 1990), and various clinical populations such as pa
tients with Alzheimer's disease (Mitchell, Hunt, & Schmitt,
1986), Parkinson's disease (Taylor, Saint-Cyr, & Lang,
1990), amnesia (Janowsky, Shimamura, & Squire, 1989;
Schacter, Harbluk, & McLachlan, 1984; Shimamura &
Squire, 1987), and schizophrenia (Harvey, 1985).

Source-monitoring experiments have also proven use
ful in the study ofmemory for attributes of information.
In this type of study, sources differ in attributes such as
input modality or language. At test, the subject is asked
to name the attribute that characterized the targets at the
time ofpresentation. Areas of interest have included mem
ory for modality (Kelley, Jacoby, & Hollingshead, 1989;
Light, LaVoie, Valencia-Laver, Albertson Owens, & Mead,
1992), memory for voice attributes (Palmeri, Goldinger,
& Pisoni, 1993), and psycholinguistic questions regarding
bilingual coding of information (for a review, see Gerard
& Scarborough, 1989).

In this paper our concern is with the empirical measures
that have traditionally been used in the investigation of
source memory. Empirical measures are calculated di
rectly from performance data without specification of a
formal model of either the underlying memory or deci
sion processes that give rise to performance in source
monitoring tasks. The field has recently witnessed the
development of multinomial models that specify under
lying decision models for source-monitoring tasks (Batch
elder, Hu, & Riefer, 1993; Batchelder & Riefer, 1990;
Bayen, Murnane, & Erdfelder, 1996). Multinomial mod
els have the distinct advantage of including separate and
independent parameters for measuring item identifica
tion, source identification, and several types of response
bias. However, as is often the case when a new class of
models is introduced into a field, controversy exists over
the adequacy of current models (Batchelder, Riefer, &
Hu, 1994; Bayen et al., 1996; Kinchla, 1994) and new
models are being introduced (Batchelder et al., 1994;
Bayen et al., 1996; Riefer, Hu, & Batchelder, 1994). We
discuss this interesting class ofmodels elsewhere (Bayen
et al., 1996).

In the section that follows we will sketch a computational
level theory of the memory and decision processes in
volved in source monitoring and show how these processes
are related to the data from a typical source-monitoring

task. In the third section of the paper we discuss the dif
ference between experimental designs in which source
memory is measured separately for each of two individ
ual sources and designs in which source memory is mea
sured by collapsing across pairs of sources. This is an im
portant distinction in considering which measure of
source memory to use. In the fourth section of the paper
we analyze several empirical measures of source identi
fication in terms of whether each is successful at separat
ing item memory and source memory. Finally, the results
are summarized and conclusions are drawn.

Memory and Decision Processes
Although the use of empirical measures of source

memory necessitates assumptions about the memory and
decision processes involved in performing a source
monitoring task, these assumptions are rarely examined
in detail. In this section we will sketch what Marr (1982)
called a computational-level theory of the memory and
decision processes involved in source monitoring. Our
goal is to provide a framework for the analysis of empiri
cal measures of source memory that is sufficiently general
to be consistent with a wide range of algorithmic-level
theories that specify memory and decision processes in
detail. We will first describe a typical source-monitoring
task and stipulate some very general assumptions about
the memory and decision processes involved in the per
formance of this task. We will then show that these as
sumptions regarding decision processes are consistent with
theories of source monitoring that are based on either sig
nal detection or threshold theories ofdecision. Finally, we
will show how the data from a typical source-monitoring
task are related to the memory and decision processes we
describe.

In a typical source-monitoring experiment, a number
of items (such as words, sentences, etc.) are presented to
subjects by at least two different sources. These sources
can be people, study lists, input modalities (e.g., audi
tory vs. visual) or, as in the reality-monitoring paradigm,
a mixture of external and internal sources (e.g., per
ceived words vs. self-generated words). Although exper
iments with more than two sources have been carried out
(Riefer et al., 1994), most studies have used a two-source
paradigm. During learning, information from the two
sources (which we will label A and B) may be blocked
by source, partially blocked by source, alternated between
sources, or randomly intermixed. After learning takes
place, the subject is given a three-alternative recognition
test. Test items (targets and distractors) are presented one
at a time and the subject must respond whether the item
(a) was originally presented by Source A, (b) was origi
nally presented by Source B, or (c) is a new item that was
not experienced during learning. The data that are gath
ered from a typical source-monitoring experiment can be
summarized conveniently with the set of response fre
quencies shown in Table I (slightly modified from Batch
elder & Riefer, 1990), where the Yij values are the fre
quencies of type j responses to type i items. The empirical
measures we will examine are computed from the re-
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Table 1
Data From a Typical Source-Monitoring Experiment

A YAA YAB YA N
B YBA YBB YBN
N YNA YNB YNN

Note-A, Source A; B, Source B; N, distractor item; Yij' frequency of
responses of type j to items of type i.

sponse frequencies shown in Table 1. Just.ification for ~he
validity of the measures rests on assumptions concermng
the memory and decision processes that are involved in
performance of the source-monitoring task.. .

Marr (1982) introduced the idea that an information
processing system can be described at three levels. A de
scription at the computational level specifies both the
general nature ofthe information that is input to and out
put from the system, and the goal of the computation that
the system completes. A description at the algorithmic
level specifies both the form of the inputs and outputs
and the processing mechanisms that carry out the com
putation. Most general memory theories and smaller
grained source-monitoring theories are constructed at
the algorithmic level. A description at the implementa
tion level specifies how the processing mechanisms that
carry out the computation are physically implemented.

At the computational level, source monitoring can be
viewed as a complex memory task that is composed of
two subtasks, memory for the item and memory for the
source, as depicted in Figure I. These two subtasks are
described as separate memory tasks because each can be
defined in terms ofdifferent information that must be re
trieved from memory and each can be carried out sepa
rately from the other. The source task demands the re
trieval of information about the origin of information. At
the algorithmic level, the source task may be modeled as
a local access process through which source information
is recollected from the memory representation of the
learning episode. The item task demands retrieval of in
formation that indicates whether the test item was pre
sented during the learning episode. At the algorithmic
level, the item task may be modeled as either a local a~

cess recollective process or a local or global access famil
iarity process. Although the item and source tasks are
combined in the typical source-monitoring task, either
could be carried out in isolation from the other given an
appropriately designed experimental paradigm. For ex
ample, the standard old-new recognition paradigm ex
emplifies the item task being carried out without the
source task. Likewise, an experimental paradigm in
which subjects were given only learned items at test and
were simply asked to name the source of each test item
would exemplify the source task without the item task.

Input on each test trial in a source-monitoring task is
a retrieval cue that includes information about the test
item, along with context information that defines the rel
evant learning episode (Humphreys, Wiles, & Dennis,
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1994; Murnane & Phelps, 1994). The same cue may be
used or different cues may be generated for the item and
source components of the task. Output from memory in
response to the retrieval cue(s) is used to reach a decision
in the source-monitoring task. This output can be thought
of as evidence that indicates whether the test item was
experienced during the learning phase of the experiment
(item evidence) and whether the test item was originally
presented by Source A or Source B (source evidenc~).

Both item and source evidence are assumed to vary m
strength along continuous dimensions.

The memory processes that produce levels ofitem and
source evidence must be supplemented by decision pro
cesses to produce a response in a source-monitoring task.
Output from memory serves as input to the decision pro
cesses. As a component of each subtask, decisions must
be reached about the status (old or new) and the source
of the test item. The output from the memory and deci
sion processes concerning the status and the source of
the test item must then be combined to produce a single
response that corresponds to one ofthe available response
categories in the typical source-monitoring task. The
production of this response is the goal of the so~r~e

monitoring task. We will refer to the separate decision
processes that correspond to the item and source com
ponents of the task as Stage I or identification decisions
and the decision processes that combine the two Stage 1
decisions into a response as a Stage 2 or response deci-

Figure 1. Computational-level sketch of the item and source
processes involved in the performance of a source-monitoring
task.

NB

Response

ASource



Note that in threshold theories, the probabilities ofde
tecting and of guessing the status of the test item are es
timated separately. The probability P(OISA) combines
these separate probabilities into a single value.

Once the status and source of the test item have been
identified, a Stage 2 decision must be made to combine
the output of the two identification processes into a sin
gle response category. The Stage 2 decision is straight
forward when the test item is identified as old. If the test
item is identified as old and the source is identified as A
(or B), an "old item from Source A (or B)" response is
made. The case is less clear when the test item is identi
fied as new (and the source identification processes are
completed), because the responses "new item from
Source A (or B)" are not sensible in the context of the
typical source-monitoring task and are not made avail
able to the subject. When the test item is identified as
new there is some probability that a "new" response is
made and some probability that an "old item from
Source A (or B)" response is made.' Thus the probabil
ities that an "old" response is given for a stimulus item
of type i are given by

the production ofthe probability that the test item is iden
tified as old. Equivalent arguments can be given for the
production of the probability that the test item is identi
fied as having been presented by Source A.

In theories of item recognition that incorporate signal
detection theories ofdecision, a test item is identified as
old if the output from memory is greater than a criterion
set by the subject. Criterion setting is usually assumed to
be a function of the overlap between target and distrac
tor distributions and any bias the subject might have to
respond that the test item is old or new. In signal detec
tion terrns,p(OISA) is the probability that the output from
memory is greater than the response criterion when the
test item is a target. The probabilityP(OISA) is measured
as the area of the target distribution to the right of the re
sponse criterion. Note that P(OISA) does not differenti
ate between memory factors (the overlap of the target
and distractor distributions) and decision factors (response
bias) that may affect criterion placement.

In threshold theories of item detection, the output from
memory is used to map stimuli into discrete cognitive
states with some input probability, and cognitive states
are mapped into the set of available response categories
with some output probability (see, e.g., Macmillan & Creel
man, 1991). For the case in which the stimulus is a target
item, two distinct cognitive states are proposed in sev
eral threshold theories; test items are mapped into the de
tect state with probability q and are mapped into the guess
ing state with probability I-q. Items that are mapped
into the detect state are identified as targets with proba
bility 1.0; items mapped into the guessing state are iden
tified as targets with a guessing probability, r. In thresh
old terms, P(OISA) is equal to the sum of these two
probabilities. That is,
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sion. Note that if the Stage I item decision is that the test
item is identified as new, the subject may respond "nei
ther" without completing the Stage I source processes.

It is important to remember that a theoretical sketch at
the computational level does not imply specific process
ing mechanisms that accomplish the goal of the computa
tion. Thus, our characterization ofseparate item and source
subtasks and our graphical depiction of these tasks in
Figure I should not be taken to imply that an algorithmic
level theory of source monitoring should include sepa
rate item and source processes that operate in parallel.
An algorithmic-level theory of source monitoring may
include separate and parallel item and source processes,
but this is only one possibility among many. The analy
ses of empirical measures of source identification that
follow are based on the computational-level theory just
described and do not depend on how specific memory
and decision processes are implemented at the algorith
mic level.

There are four possible outcomes after Stage I decisions
have been reached for both the item and source compo
nents of a source-monitoring task. These outcomes are
shown in Table 2. Taking items that were originally pre
sented by Source A as an example, letp(OISA) represent
the probability that the outcome of the Stage I item sub
task indicates that the stimulus item is old, given that it
is a target that was originally presented by Source A. We
will refer to this probability as the probability that the
stimulus item is identified as old given that it is an item
from Source A. Likewise,p(NISA) represents the proba
bility that a stimulus item is identified as new, given that
it was originally presented by Source A, and p(AISA) and
p(BISA) represent the probabilities that a stimulus item
originally presented by Source A is identified as having
been presented by Source A and Source B, respectively.
Critical factors that determine whether a test item is iden
tified as old (or as from Source A) may affect memory
processes, decision processes, or both.

Multinomial models of source monitoring are variants
of the general class of threshold models that have been
developed for simple detection and recognition paradigms
(Batchelder & Riefer, 1990; Batchelder et al., 1994;
Bayen et al., 1996). The development ofthese multinomial
models has generated a debate over whether source mon
itoring is best modeled using threshold or signal detection
theories of decision (Batchelder et al., 1994; Kinchla,
1994). Either type oftheory could be used to model Stage I
decision processes. To illustrate this point we will show
how both types of decision theory could be involved in

Table 2
Possible Outcomes After Stage 1 Decisions Have Been Reached

in a Typical Source-Monitoring Task

Item Identification

Source Old New

Source A OA NA
Identification B OB NB

Note-a, old; N, new; A, Source A; B, Source B.

P(OISA) = q + (1-q)r. (1)
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p(RAISj) == p(OIS;) p(AIOSi) +p(NISj) p(AINS;) (2)

p(RBISj) = P(OISi) p(BIOSj) +p(NIS;) p(BINS;), (3)

where p(RAIS;) and p(RBISj) are the probabilities that an
"old item from Source A" and an "old item from Source B"
response is made to a test item originally presented by
Source i,p(AIOSj) andp(BIOSJ are the probabilities that
a Source i item is identified as originating from Source A
and Source B given that it has been identified as old, and
p(AINS;) and p(BINS;) are the probabilities that a Source i
item is identified as originating from Source A and
Source B given that it has been identified as new.2

It may seem counterintuitive that an "old" response
may be made when the test item is identified as new (i.e.,
that p[AINSd > 0 and p[BINSd > 0). This situation may
occur, for example, when the evidence that the test item
was originally presented by one of the sources is very
strong and the evidence that the test item is new is very
weak. The important consideration is that the two Stage 1
decisions are inconsistent when either source is identi
fied and the item is identified as new. Although the Stage 2
decision may produce a "new" response in the majority
of these cases, there is no a priori reason to assume that
the inconsistency is always resolved with the decision to
respond "new" at Stage 2. That is, there is no a priori rea
son to assume that p(AINSj) = p(BINSi) = 0 must be
true.

The response frequencies in Table 1 can be treated as
empirical estimates of the response probabilities given
by Equations 2 and 3. The empirical measures we ana
lyze are all derived from the four cases in which a target
is presented and subjects correctly recognize it as having
been present on the learning list. The equations for the
four cases of interest are

p(RAISA) == P(OISA) p(AIOSA ) +p(NISA) p(AINSA)(4)

p(RAISB) = P(OISB) p(AIOSB) +p(NISB) p(AINSB) (5)

p(RBISB) == P(OISB) p(BIOSB) +p(NISB) p(BINSB) (6)

p(RBISA) = P(OISA) p(BIOSA) +p(NISA) p(BINSA).(7)

We can now clearly see one of the problems involved
in measuring source memory. The probability ofcorrectly
identifying the source of a previously studied item
p(RAISA)' for example-is a function of both the item
identification probabilities P(OISA) and p(NISA) and the
conditional source identification probabilities p(AIOSA)
and p(AINSA). That is, performance in a typical source
monitoring task is clearly affected by both memory for
the item and memory for the source. However, a great
deal of the interest in source monitoring as a topic ofre
search stems from an interest in memory for the source
independent of memory for the item. Investigators have
used a source-monitoring task that combines memory
for the source and memory for the item as a means to ex
amine source memory. To fulfill the needs ofresearchers
who are interested in source memory, a measure of source
identification must be computed from observed frequen-

cies and yet must not depend on the relevant item iden
tification probabilities.

Comparing Performance Between Single Sources
and Between Pairs of Sources

Independent variables in source-monitoring studies
may be manipulated so that performance is compared be
tween single sources or between pairs of sources. As we
will show in the following section, this distinction is im
portant for determining which measure ofsource memory
is appropriate. Comparisons between single sources may
be carried out using either within- or between-subjects de
signs. Single-source comparisons using a within-subjects
design are often used when interest is focused on the ef
fects of individual source attributes on source memory.
In a typical experiment of this type, subjects learn items
from two Sources, Al and B1, and source identification
for items from Source Al is compared with source iden
tification for items from Source B 1. One value of the ma
nipulated source variable is operationalized as an attribute
of Source AI, and a different value of the manipulated
source variable is operationalized as an attribute of
Source B I . Main effects of source in an analysis ofvari
ance (ANOVA) are found by comparing source identifi
cation for items from Source Al with source identifica
tion for items from Source B I . For example, in a study of
the effects of sensory modality on source memory (Light
et al., 1992) subjects learned items from a visual source
and an auditory source, and source identification was
compared between the two sources.

Single-source comparisons using a between-subjects
design are often used when interest is focused on the ef
fects of between-subjects variables on memory for indi
vidual sources with specific attributes. In a typical ex
periment, items are learned from two Sources, Al and
B1, performance for items from Source Al is compared
across subject groups, and performance for Source B I is
compared across subject groups. As is the case for single
source comparisons that use a within-subjects design,
one value of the manipulated source variable is opera
tionalized as an attribute ofSource A I and a different value
of the manipulated source variable is operationalized as
an attribute of Source B l' Main effects of source in an
ANOVA are found by comparing source identification
for items from Source A) collapsed across the two sub
ject groups with source identification for items from
Source B) collapsed across the two subject groups. An
example can be found in a study by Rabinowitz (1990)
concerned with age differences in source memory. Groups
of younger and older adults read words and generated
words from word fragments. The effects ofage on source
memory were analyzed separately for the read and gen
erate items.

Paired-source comparisons generally use a between
subjects design, and are often used when interest is focused
on the effects on source memory of relational character
istics between sources. In a typical experiment subjects
in one group learn items from two Sources, Al and B),
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Treating the observed frequencies as estimates of re
sponse probabilities and substituting from Equation 8
gives

where M equals the number of sources and N equals the
number of items presented by each source. The compu
tational formula for single-source SIM for Source A is

YAA
single-source SIM = l'Ir-' (13)

Source Identification Measure, False Source
Identification Measure, and Frequency Counts

In this section we examine the source identification
measure (SIM), the false source identification measure
(FSIM), and frequency counts of the number of correct
source identifications and the number ofincorrect source
identifications as potential measures of source memory.
The analysis focuses on SIM but we will show that the
basic conclusions hold for all of the measures. SIM is
calculated as the number of correct source identifica
tions divided by the total number of targets.

The general formula for SIM is

(12)

(14)

m

I,Y j j

SIM=i=.L
MN'

single-source SIM =

P(OISA)P(AIOSA)

go by many different names. Often the same measure is
known by several different names, some ofwhich are de
scriptive of the nature ofthe measure and some ofwhich
are not. In addition, the same name is sometimes used
to describe different measures. The difference between
single-source and paired-source variants of measures is
generally ignored even when both are used in analyzing
data from a single study. Identification of the measure
used in a particular study may necessitate trying to infer
the measure from an ambiguous description or calculat
ing possible measures until the measure used in the study
is discovered. The terms source identification measure
(SIM), conditional source identification measure (CSIM),
and average conditional source identification measure
(ACSIM) were chosen because each term describes the
measure and indicates its relationship to the others.

The analysis for each measure will follow the same
form. The general formula for the measure will be given,
followed by an appropriate computational formula based
on the observed frequencies from Table 1. We will treat the
observed frequencies as estimates of response probabili
ties, and the underlying probabilities given in either Equa
tions 4-7 or Equations 8-11 will be substituted; the result
ing formulae will be algebraically reduced to determine
whether the item identification probabilities can be elimi
nated. Although the analyses are based on the two-source
case, the conclusions hold for any number of sources.

SEPARATION OF SOURCE IDENTIFICATION
AND ITEM IDENTIFICATION

and subjects in a second group learn items from Sources
A2 and B2. Performance is measured by combining per
formance across the pair of sources in each group and
source memory is examined by comparing performance
in the AlB) group with performance in the A2B2 group.
One value of the manipulated source variable is opera
tionalized as an attribute of the relationship between
Sources Al and B I and a different value of the manipu
lated source variable is operationalized as an attribute of
the relationship between Sources A2 and B2, Main ef
fects of source in an ANOVA are found by comparing
source identification for items from Source A) collapsed
with Source B1 with source identification for items from
Source A2 collapsed with Source B2. For example, Fer
guson et al. (1992, Experiment 1) examined the effects
of the perceptual similarity of two sources on source
memory. In the high-perceptual-similarity condition,
items were presented by two female sources; in the
low-perceptual-similarity condition, items were pre
sented by a male source and a female source. Performance
was compared across conditions by collapsing across the
two sources in each condition.

Comparison of performance between single sources
and between pairs of sources may be combined in a sin
gle study. However, care must be taken in how perfor
mance is measured for the two types ofcomparisons. As
we will show in the analyses that follow, the single-source
version of the most commonly used measure is an ap
propriate measure of source memory under one plausible
set of assumptions, but the paired-source version of this
measure is flawed in almost all circumstances.

In the analyses that follow we will examine a number
of measures of source memory in terms of whether they
successfully separate source identification and item iden
tification. First, we examine the simplified cases that re
sult when it is assumed that the subject always responds
"new" when the Stage 1 item process identifies the test
item as new. In this case p(AINSA) = p(BINSB) = 0 and
Equations 4 through 7 reduce to

p(RAISA) = P(OISA) p(AIOSA) (8)

p(RAISB) = P(OISB) p(AIOSB) (9)

p(RBISB) = P(OISB) p(BIOSB) (10)

p(RBISA) = P(OISA)P(BIOSA)· (11)

Analysis of this simplified case is sufficient to show that
almost all of the commonly used measures of source
identification confound item and source memory. We will
then explore the more complex case in whichp(AINSA)> 0
and p(BINSB) > O.

We will introduce a related set of names for the mea
sures we examine in an attempt to bring some order to a
confusing situation. Many different measures are cur
rently used to assess source memory and these measures
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which is an equation of the form

. xa
smgle-source SIM = 1 = xa, (15)

where x equals P(OISA) and a equals p(AIOSA)' Notice
that x is a factor representing item identification and a is
a factor representing source identification. It is apparent
upon examination that x cannot be algebraically eliminated
from Equation 15 and hence that source memory as mea
sured by single-source SIM varies with changes in the
probability that the test item is identified as old. In con
ditions in which the proportion of correctly recognized
items for which the source is correctly discriminated re
mains unchanged, single-source SIM will change with
changes in the probability of correctly identifying the
status of the test item as old or new.

The computational formula for the paired-source ver
sion of SIM is,

. YAA+YBB
paired-source SIM = 2N (16)

Substituting from Equations 8 and 10 gives

paired-source SIM =

p(AISA) +p(BISA) +p(NISA) +p(AISB) +p(BISB) +p(NISB) ,

(17)

which has the form

. xa +yb
paired-source SIM = --2-' (18)

where x again equals P(OISA)' y equalsP(OISB)' a equals
p(AIOSA)' and b equals p(BIOSB)' In Equation 18 the x
and y factors represent the item identification probabil
ities and the a and b factors represent the conditional
source identification probabilities. It is again apparent
upon examination that x and y cannot be algebraically
eliminated from Equation 18 and hence that source mem
ory as measured by the paired-source version of SIM
varies with changes in the probability of item identifica
tion. Paired-source SIM will change with changes in the
probability ofcorrectly identifying either A or B items as
old independent of changes in source identification.

There are several special cases in which both versions
of SIM are not dependent on item identification, which
we illustrate with the paired-source measure. Ifx = y =
1.0, then Equation 18 reduces to

. (a + b)
paired-source SIM = -2-' (19)

Thus, if item identification is perfect, it does not affect
SIM. It is also the case that if either x = y = 0 or a =
b = 0, then Equation 18 reduces to zero. None of these
special cases are sufficiently interesting to warrant fur
ther discussion.

Several measures related to SIM have been used to
measure source memory. We will discuss these measures

in relation to the paired-source variant ofSIM. It is clear
that all conclusions apply equally to single-source ver
sions of the measures. FSIM is calculated as the number
of incorrect source identifications (i.e., calling Source A
items "B" and Source B items "A") divided by the total
number of targets. The analysis of FSIM is identical to
that of SIM, substituting YAB and YBA for YAA and YBB

in Equation 16 and making substitutions based on Equa
tions 9 and II in place of Equations 8 and lOin Equa
tion 17. Algebraic reduction gives an equation ofthe form

. xc +yd
paired-source FSIM = --, (20)

2

where c equals p(BIOSA)' and d equals p(AIOSB ) . The
conclusion is identical to that for paired-source SIM; the
item identification probabilities x and y cannot be alge
braically eliminated from Equation 20 (except in the spe
cial circumstances noted above), and thus source mem
ory as measured by FSIM confounds item and source
identification.

Some authors have used frequency counts of the num
ber ofcorrect source identifications (e.g., Anderson, 1984)
or the number of incorrect source identifications (e.g.,
Brown & Halliday, 1991) as a measure of source mem
ory. Marsh and Bower (1993) have criticized the latter
measure on the basis of Monte Carlo simulations that
demonstrated a negative correlation between the number
of incorrect source identifications and item misses. The
frequency measures for number ofcorrect and incorrect
source identifications are given by the numerators ofEqua
tions 18 and 20, respectively. It is obvious that the criticism
leveled against SIM and FSIM applies to frequency counts
as well; except under the special circumstances noted
above, frequency counts also confound item and source
identification.

On the basis of the foregoing analysis, we suggest that
both the single-source and the paired-source variants of
SIM, FSIM, and frequency counts of either the number
of correct or the number of incorrect source identifica
tions are all flawed as measures of source memory. With
few exceptions, all of these measures vary with changes
in item identification when the proportion of correctly
recognized items for which the source is correctly dis
criminated remains constant. The exceptions are not of
sufficient interest to justify use ofany of these measures
in source-monitoring studies.

Conditional Source Identification Measure and
Conditional False Source Identification Measure

Marsh and Bower (1993) and Durso et al. (1985) ar
gued that measuring source memory conditional upon
correct item identification can avoid confounding source
and item identification. The conditional measure most
frequently used to measure source memory is CSIM,
which is defined as the proportion ofcorrectly recognized
items for which a correct source judgment is made. How
ever, it has also been suggested (Batchelder & Riefer,
1990; Johnson, Foley, & Leach, 1988; Rabinowitz, 1990)
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that source memory as measured by CSIM may be con
founded with item identification when recognition dif
fers over the conditions in an experiment. The analysis
that follows will clarify the circumstances under which
both claims about the ability of CSIM to separate item
and source identification are accurate.

The general formula for CSIM is
(26)

m

I,Yii
CSIM = ----'--i~..e.-l__

m m

I,I,Yij
i~lj~l

(21)

Treating the observed frequencies as estimates of re
sponse probabilities and substituting the probabilities
from Equations 8 and 10 in the numerator andp(OISA)
and P(OISB) in the denominator of Equation 25 gives

paired-source CSIM =

P(OISA)P(AIOSA) +P(OISB)P(BIOSB)

P(OISA) +P(OISB)

which is an equation of the form

. xa + yb
paired-source CSIM = , (27)

x+y

single-source CSIM = P(OISA)P(A10SA), (23)
p(OISA)

where m indexes source. In a number of studies, CSIM
calculated for single sources has been used to measure
source memory (e.g., Anderson, 1984; Cohen & Faulk
ner, 1989; Light et aI., 1992; Rabinowitz, 1989; Voss,
Vesonder, Post, & Ney, 1987). Ifwe use Source A as an
example, the computational formula for single-source
CSIM is

. YAAsingle-source CSIM = Y (22)
YAA+ AB

The sum of the frequencies in the denominator of Equa
tion 22 serves as an estimate of the probability of cor
rectly identifying an item from Source A as old, that is,
P(OISA)' Treating the observed frequencies as estimates
ofresponse probabilities and substituting from Equation 8
gives

where, as previously, x is the item probabilityP(OISA) and
a is the conditional source probabilityp(AIOSA)' The elim
ination ofx from Equation 24 means that changes in item
identification have no effect on single-source CSIM and
thus that single-source CSIM is an appropriate measure
of source memory when comparisons are made between
individual sources.

CSIM is also commonly used to measure source mem
ory in studies that involve paired-source comparisons (e.g.,
Ferguson et aI., 1992; Foley, Aman, & Gutch, 1987; Foley
& Johnson, 1985; Johnson, Raye, Foley, & Kim, 1982;
Markham, 1991; Palmeri et aI., 1993). The paired-source
version of CSIM is sometimes called an identification
of-origin score (e.g., Batchelder & Riefer, 1990; Finke,
Johnson, & Shyi, 1988; Johnson et aI., 1988) and is cal
culated as the sum of the A and B items for which the
source is correctly identified divided by the number of
correctly recognized old items. The computational for
mula for paired-source CSIM is

paired-source CSIM = YAA + YBB (25)
YAA + YAB+ YBB+ YBA

. xa + yb a(x + y)
paired-source CSIM = = = a. (28)

x+y x+y

In this case, paired-source CSIM is equivalent to single
source CSIM (see Equation 24). This is a sensible mea
sure of source memory and it does not vary with differ
ences in the probabilities ofcorrectly identifying A items,
B items, or both A and B items as old. The second special
case exists when the probabilities of correctly identify
ing A items and B items as old are equal. That is, when
x = y,

. xa + yb x(a + b) a + b
paired-source CSIM = = = --.

x+y 2x 2

(29)

where, as previously, x and yare the item identification
probabilities P(OISA) and P(OISB)' respectively, and a
and b are the conditional source identification probabil
ities p(AIOSA) and p(BIOSB)' It is clear that the item iden
tification factors x and y cannot be algebraically eliminated
from Equation 27 and thus, with the exceptions noted be
low, paired-source CSIM confounds item and source
identification.

Paired-source CSIM provides a measure of source
memory that is independent of item identification in two
special cases that are important for empirical studies of
source memory. When the probabilities ofcorrectly iden
tifying the source ofcorrectly recognized items are iden
tical, that is, when a = b,

This is also a sensible measure of source memory that
does not vary with changes in the probabilities of cor
rectly identifying A items, B items, or both A and B items
as old.

As noted in the introduction to this section, Marsh and
Bower (1993) and Durso et al. (1985) claimed that it is
possible to avoid confounding memory for the item with
memory for the source by measuring source memory
conditional upon item identification. For CSIM, this claim
is correct ifsingle-source CSIM is used when comparisons
are drawn between individual sources or ifpaired-source
CSIM is used when comparisons are drawn between pairs
ofsources and either a = b or x = y. Batchelder and Riefer
(1990), Johnson et al. (1988), and Rabinowitz (1990)
claimed that CSIM may confound item and source iden
tification when item identification differs over the con-

(24)

which reduces to an equation of the form

. 1 xasmg e-source CSIM = - = a,
x
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where M equals the number of sources. When there are
two sources,

sources in all experimental conditions or that a = b for
all sources in all experimental conditions, paired-source
CSIM and CFSIM provide valid measures of source
memory. Establishing the validity ofpaired-source CSIM
and CFSIM complicates experimental design and in
volves carrying out additional data analyses to demon
strate that the conditions needed to justify using the mea
sures were achieved in the experiment. It is fortunate that
these extra complications can be eliminated through the
use ofan alternative measure that does not confound item
and source identification under any ofthe circumstances
we have examined thus far. We now turn to an analysis
of that measure.

(31)M

Average Conditional Source Identification
Measure

ACSIM is the arithmetic mean ofseveral single-source
CSIMs. Anderson (1984) and Lindsay et al. (1991, Ex
periment 2) computed ACSIM, although these authors
did not explicitly identify the measure, compare CSIM
and ACSIM, or address the problem of sensitivity of the
measures to changes in item identification. Although
ACSIM has been occasionally used as a performance
measure, to the best ofour knowledge its properties as a
measure of source memory have not been examined and
its status as an empirical measure that is insensitive to
differential levels of item identification under some con
ditions has not been pointed out (although see Bayen
et aI., 1996, for a use of ACSIM based on the arguments
presented here).

The general formula for ACSIM is

~[ Y
u

]~--
m

i=1 I,y
ACSIM = }=1 IJ

ditions in an experiment. This claim is correct if paired
source CSIM is used and a i:- b or xi:- y. In the latter case
it is important to notice, however, that the critical com
parison is not between levels of item identification across
experimental conditions, but is rather between levels of
item identification for the two SOurces within an experi
mental condition. Ifa = b or x = y in all conditions ofan
experiment, the levels of item identification over condi
tions in a paired-source experiment do not affect paired
source CSIM.

It is also important to notice that the two cases in which
paired-source CSIM provides an acceptable measure of
source memory (Equations 28-29) describe circumstances
that may be instantiated in a source-monitoring experi
ment. Published data analyses from paired-source ex
periments tend to focus on between-condition compar
isons, whereas within-condition examinations of either
item identification for each source (i.e., x andy) or source
identification for each source (i.e., a and b) are often ig
nored or at least not addressed with data analyses. How
ever, the interest in between-condition comparisons leads
to a tendency to try to equate some within-condition fac
tors. Although published studies must be addressed on a
case-by-case basis, practices such as sampling Source A
and Source B items from a common pool would tend to
produce conditions in which item identification is roughly
equivalent for both sources within a condition (other fac
tors being equal), thereby raising the possibility that
paired-source CSIM may be used as a valid measure of
source memory.

Marsh and Bower (1993) used a conditional false
source identification measure (CFSIM) to measure source
memory, defined as the proportion ofcorrectly recognized
items for which an incorrect source judgment is made.
As was the case for FSIM and SIM, the analysis ofCFSIM
is identical to that ofCSIM. We illustrate with the paired
source variant of CFSIM. Substituting YAB and YBA for
YAA and YBB in Equation 25 and making substitutions
based on Equations 9 and 11 in place of Equations 8 and
lOin the numerator of Equation 26 leads to an equation
of the form

Treating the observed frequencies as estimates of re
sponse probabilities and substituting the appropriate un
derlying probabilities gives

p(OjSA)p(AjOSA) + p(OjSB)p(BjOSB)

ACSIM = P(OISA) P(OISB)
2

CFSIM = xc + yd (30)
x + y ,

where, once again, c equals p(BIOSA), and d equals
p(AIOSB). It is clear that CFSIM has the identical
strengths and weaknesses ofCSIM:;except under the spe
cial circumstances discussed above, CFSIM varies with
changes in item identification independently ofchanges
in source identification.

When comparisons are drawn between individual
sources, single-source CSIM and CFSIM provide mea
sures o~ source memory that are unaffected by the level
of item identification for each source. However, when
comparisons are drawn between pairs of sources, paired
source CSIM and CFSIM are flawed because they vary
with changes in item identification in conditions in which
the proportion of correctly identified sources does not
change. If it can be established that either x = y for all

which is an equation of the form

xa yb-+-
ACSIM = x Y

2
a+b

2 '

(33)

(34)
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DISCUSSION

single-source SIM = xa + (l - x)a'A' (35)

. d SIM xa + (l - x)a~ + yb + (l-y)b'B
patre -source = ,

2

estimates of each of these conditional source identifica
tion probabilities.

Let a~ = p(AINSA), b~ = p(BINSA), a~ = p(AINSB);
and b~ = p(BINSB). Then, substituting response proba
bilities from Equations 4 and 6 and using x, y, a, and b
as before, the empirical measures (single-source measures
are given for Source A) have equations of the following
forms:

(36)

(37)

(38)

(39)

x + (1 - x)(a:" + b~) +Y + (1 - y)(a'B + bE) ,

ACSIM=

xa+(l-x)a~ yb+(1- y)b~

x+(l-x)(a~+b~) + y+(l- y)(a~ +b~)
2

xa + (l-x)a'
single-source CSIM = , A, ,

X + (l-x)(aA+bA)
paired-source CSIM =

xa + (l - x)a:" + yb + (1 - y)b'B

It is apparent that the item identification probabilities, x
andy, that is,p(OISA) andp(OISB), cannot be eliminated
from any of these equations; hence all ofthese empirical
measures confound item identification with source iden
tification. Although the formulae are not given, the same
conclusion applies to the FSIM and CFSIM variants dis
cussed earlier. Thus, under the assumption that Stage 1
inconsistencies may be resolved in favor of the decision
that the test item is old, none ofthese empirical measures
are capable of adequately measuring source memory in
a typical source-monitoring task.

Many different empirical measures have been used to
assess source memory and these measures have been
known by many different names. We have introduced a
consistent nomenclature for source memory measures
that indicates both the nature of each individual measure
and its relationship to other measures. In addition, we
have pointed out that an often-ignored aspect of source
monitoring experimental designs is important for deter
mining which measure should be used to assess perfor
mance in a source-monitoring task. Measures that may
be appropriate when source memory is measured sepa
rately for each source in an experiment may be flawed
when source memory is measured by collapsing across
pairs of sources.

We analyzed a series of empirical measures of source
memory with the help ofa sketch ofa computational-level
theory ofsource monitoring. Each measure was analyzed

Responding "Old" When the Test Item
Is Identified as New

The foregoing analyses were based on the assumption
that inconsistencies between Stage 1 item and source
identifications are always resolved in favor of the deci
sion that the test item is new, that is, that p(AINSA) =
p(BINSB) = O. We will now explore the consequences of
the assumption that Stage 1 inconsistencies may be re
solved in favor of the decision that the test item is old,
that is, thatp(AINSA) > 0 andp(BINSB) > O.

Compare Equations 4 and 8:

p(RAISA) = P(OISA)P(AIOSA) +p(NISA)p(AINSA) (4)

p(RAISA) = p(OISA)p(AIOSA)' (8)

When it is assumed that p(AINSA) = 0, it can be seen
from Equation 8 that the response probability, p(RAISA)'
is a function ofa single item probability, P(O\SA), and a
single conditional source probability, p(AIOSA)' In this
case ACSIM and single-source CSIM provide uncon
founded measures of source memory because they esti
mate p(AIOSA) independently of P(OISA)' However,
when it is assumed that p(AINSA) > 0, it can be seen
from Equation 4 thatp(RAISA) is a function of two con
ditional source identification probabilities, p(AIOSA)
and p(AINSA). The contributions made by each of these
conditional source identification probabilities to the prob
ability ofa "Source A" response is a function ofthe prob
ability that the test item is identified as old. As P(OISA)
increases, p(AIOSA) makes a proportionally larger con
tribution to the response probability p(RAISA)' and, be
cause p(NISA) = 1- P(OISA)' p(AINSA) makes a pro
portionally smaller contribution to p(RAISA)' The ideal
empirical measure of source identification in a source
monitoring task would provide separate and unconfounded

where a and b are the conditional source identification
probabilities p(AIOSA) and p(BIOSB)' respectively. The
item identification probabilities x andy can be algebrai
cally eliminated from Equation 34 and hence ACSIM does
not vary with changes in the level of item identification.

Comparison of Equations 29 and 34 shows that when
the item identification probabilities for items from both
sources are equal (i.e., x = y), paired-source CSIM is
equivalent to ACSIM. As noted, comparison of Equa
tions 24 and 28 shows that when the probabilities of cor
rectly identifying the source ofcorrectly recognized items
are equal (i.e., a = b) paired-source CSIM is equivalent
to single-source CSIM. Thus, the conclusions drawn from
these analyses of CSIM and ACSIM under the assump
tions that p(AINSA) = p(BINSB) = 0 are simple and
straightforward. When comparisons are drawn between
pairs of sources, ACSIM should be used to measure
source memory; when comparisons are drawn between
individual sources, single-source CSIM is the preferred
measure. Both measures are sensitive to changes in the
proportion of items for which the source is correctly
identified and are not affected by changes in the propor
tion of items that are correctly identified as old or new.
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in terms of whether item identification is confounded with
source identification in measuring source memory. The
results of the analyses are straightforward. The most
commonly used measure of source memory in paired
source designs, paired-source CSIM (also known as the
identification-of-origin score), confounds item and source
identification under almost all circumstances. If it is as
sumed that a "new" response is made whenever the result
of Stage I item processes is that the test item is identified
as new-that is, whenp(AINSA) = p(BINSB ) = O-then
single-source CSIM and ACSIM provide acceptable em
pirical measures ofsource memory that do not confound
item and source identification. Ifit is assumed that incon
sistencies between Stage I item and source identifications
can be resolved in favor ofa Stage 2 decision to respond
that the test item is old-that is, whenp(AINSA ) > 0 and
p(BINSB ) > O-then all of the empirical measures con
found item and source identification.

How should source memory be measured in light of
these findings? One strategy is to avoid the use ofall em
pirical measures and analyze data using the parameters
of a formal theory of source monitoring such as the one
high threshold multinomial model presented by Batch
elder and Riefer (1990) or the two-high threshold multi
nomial model presented by Bayen et al. (1996). Another
possible strategy is to rely on a fully developed and em
pirically supported theory of source monitoring that
specifies how inconsistencies between item and source
identification processes are resolved. Unfortunately, cur
rent theory development has not reached a point where
there is agreement on this issue. In any case, the analy
ses presented in this article indicate that the theoretical
implications of using a particular empirical measure of
source memory should be given careful attention before
that measure is used to measure performance in a source
monitoring task.
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NOTES

I. We thank an anonymous reviewer for focus ing our attention on this
interesting and important case.

2. Response probabilities are given in this form rather than in the
more familiar p(RAISJ = p(SJ p(OISJ p(AIOSJ + p(Sj) p(NIS;)
p(AINS j ) because the source is always known when data analyses are
being conducted. That is, peS;) = I for all data analyses.
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