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Cognitive Processes in
Long-Term Dietary
Recall
by Albert F, Smith, Ph. D., State University of
New York at Binghamton

Summary

To quantify dietary intake, three types of information
me needed – information about what individuals eat, how
often they eat those items, and the sizes of the portions
they eat. This report describes eight experiments that were
conducted to investigate dietary reporting performance.

Dietary recall was studied under various combinations
of acquisition, retention, and retrieval conditions. When
asked to report their dietary intake for a specified refer-
ence period, subjects appear to rely largely on generic
knowledge of their diets –they tend to report items that
they are likely to have eaten or items that they routinely
eat rather than items that they specifically remember
having eaten during the designated period. This tendency
increases as the time of the recall test becomes more
remote from the reference period.

The accuracy of estimates of the frequency with which

foods are eaten during a specified period also deteriorates
as the amount of time between the end of the reference
period and the frequency test increases. Individuals
appear to remember, with reasonable accuracy, how often
they ate various foods. However, there is sufficient dis-
parity among individuals in their frequency calibration
that the results of analyses of the frequency with which
different individuals eat particular items –the sorts of
analyses that are of most interest to epidemiologists —are
less satisfacto~.

Two experiments suggest that current methodologies
are not satisfactory for collecting high-quality data on
portion sizes, Individuals appear to have fragile memories
about the sizes of food portions they view, and they tend
to be insensitive to the definitions of portion size provided
on food frequency questionnaires.
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Introduction

Because diet is believed to play a significant role in
determining health status, health scientists from various
disciplines are interested in evaluating relationships
between nutritional inputs and indexes of human health.
Nutritionists, for example, are concerned especially with
the influence of dietary intake on growth and maturation;
epidemiologists are concerned with relationships between
the intake of various nutrients and the incidence of
specific diseases (1,2). Efficient evacuation of research
hypotheses about the health consequences of diet requires
accurate information about the dietary intake of
individuals.

Collecting information about the dietary intake of
individuals has long been recognized as a challenging
problem in nutrition and epidemiology (3). Because
people tend to eat frequently and to eat a variety of foods
at any given meal and over time, tracking the dietary
intake of any individual is difficult. To observe the diets of
noncaptive individuals is intrusive; for individuals to keep
records of their intake is burdensome. Hence, most infor-
mation about dieta~ intake is obtained by conducting
surveys, that is, by asking individuals to report what they
have eaten during some period of time.

Surveys rely on respondents’ memories, and so collec-
tors and users of retrospective self-report data must be
concerned about the accuracy of memory-based reports
(4). Epidemiologists almost routinely express concern
about the likely fallibility of memory and the possible
consequences of memory error, not only for dietary survey
data but for all survey data concerning health-related
events and behaviors (5–9). Thus, researchers who collect
dietary information invest substantial effort in assessing
the accuracy of their data-collection techniques.

Despite much speculation about how memory and
other cognitive processes influence dietary reporting,
researchers have not explicitly investigated these proc-
esses. This report describes a program of research
designed to explore the cognitive processes and represen-
tations that subserve dieta~ reporting. An improved
understanding of these processes could enhance under-
standing of the nature of dietary survey responses, suggest
the sorts of dietary data that might reasonably be col-
lected, and guide the development of procedures to
improve reporting accuracy. The general strategy of the
research program was to approach divergently the proc-
esses hypothesized to be involved in dietary reporting,

that is, to identi~ the components of the various tasks in
which respondents to dietary surveys engage and to
explore these in parallel.

In the remainder of this section, some of the tech-
niques used to collect reports about dietary intake are
described, the psychological questions that are motivated
by considering these methods are discussed, and hypoth-
eses about some of the cognitive processes involved in
dietary reporting are presented. In subsequent sections,
experiments that were conducted to address various
aspects of the dieta~ reporting problem are described. In
the final section, the implications of the experiments for
the collection of dietary data are discussed.

Methods of dietary assessment

Three principal classes of survey methods are used to
collect dietary information —the diet history, dietary
recall, and food frequency procedures (2,3,10,1 1). All of
these ask respondents to retrieve and report memories of
their dietary experiences.

To obtain a diet history, a trained nutritionist con-
ducts a detailed interview with a respondent, who is asked
to describe the routine features of his or her diet during
some period of time. The goal is not to obtain specific
information about what the respondent has eaten, but
rather to develop a general characterization of the respond-
ent’s “typical” diet. -

Recall procedures ask respondents to report every-
thing they ate or drank during a designated period; cus-
tomary reference periods in epidemiology are 24 hours,
3 days, and 1 week. In some recall procedures, the
respondent is asked simply to list the foods and drinks that
come to mind; in others, he or she is “guided” mentally
through the reference period by the interviewer, When
participating in recall procedures, respondents may be
asked to supplement their statements with descriptions of
the portions of the items they ate. In any case, in contrast
to the diet history, the recall procedure is intended to
collect specific information about dietary intake. In prin-
ciple, respondents’ answers could be scored as correct or
incorrect according to whether they matched some record
of what the respondent actually ate and drank during the
reference period.

Food frequency procedures require respondents to
provide either count or rate information about their intake
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of each of a set of food and beverage items during some
reference period. For example, a respondent. might be
asked, “How many artichokes did you eat during the last
year?” or “How often did you eat artichokes during the
last year?” The first of these questions asks for a coun~
the second asks for a rate. Appropriate (and equivalent)
answers to these two questions would be 52 times and
once per week, respectively. The customa~ reference
periods of food frequency questionnaires range from
1 month to 1 year.

The usefulness of the data collected with any of these
procedures in identifying associations between dietary
intake and health outcomes depends on two related
aspects of the data’s validity. The first is the extent to
which the respondents’ reports are accurate; the second is
the extent to which the respondents’ reports are represent-
ative of their dietary intake. Intuitions about memory
decay and dieta~ variability suggest that there is probably
a tradeoff between these properties of dietary reports.
The most accurate data may be the least representative,
whereas the potentially least accurate data may be the
most representative. An individual will presumably
remember and report best the bite of food that he or she
has just swallowed, but unless that individual eats only one
foodstuff, the report of that just-swallowed item will not
be representative of his or her diet nor reflect its vari-
ability. As the period of time about which an individual is
asked to report is extended –bite by bite and meal by
meal - into the past, dietary variability should be repre-
sented in reports. However, those reports about past
intake would be increasingly likely to contain errors.

Validation of dietary assessment
methods

Nutritionists and epidemiologists have invested sub-
stantial effort in evaluating the validity of reports about
dietary intake. True validation of a survey method
requires that dietary reports be compared to some record
of the respondent’s intake.1 Typically, the record is pre-
sumed to be accurate, although it too may contain errors
(3).

Consider two examples of the strategies used by
epidemiologists to evaluate the validity of dietary reports:
Hankin, Rhoads, and Glober (12)asked 50 individuals to
keep a checklist diary for 7 days, indicating each occasion
on which they ate any of 33 target food items and
recording the quantity that they ate. On the day after the
end of the recording period, subjects were interviewed
about their intake of the 33 foods on the preceding day
and during the preceding 7 days. For each food item and
for each time period, Hankin et al. reported the propor-
tion of subjects who reported having eaten the item,

10ftcn, in nutritional epidemiology, comparing data obtained by one
reporting technique to that obtained by another, more favored technique
is called validation (3).

conditional on their having recorded it. Hankin et al. also
reported the correlation, over subjects, between estimated
quantity of intake from the record and estimated quantity
from the report. Willett et al. (13) asked 173 nurses to
keep diet records for 4 weeks and, subsequently, to
complete a food frequency questionnaire. The validi~ of
the questionnaire was assessed by estimating each individ-
ual’s mean daily intake of 16 nutrients from both the
records and the frequency questionnaire and by calcu-
lating the correlation, over subjects, of these estimates.

Two aspects of these studies are of special concern.
First, studies of the validity of dietary reports are useful
only insofar as their conclusions can be generalized to the
reports of individuals for whom criterion information is
not available. In general, respondents to dietary surveys
have not kept records of their dietary intake, but it is the
reporting accuracy of such individuals that is of general
interest. If keeping dietary records modifies subsequent
reports, the generalizability of validity estimates to indi-
viduals who have not kept records would be severely
limited. Recordkeeping might improve memory directly,
resulting in more accurate reports of dietary intake. The
close attention to dietary intake required to keep a record
might result in the encoding of information that is better
than normal, Alternatively, recordkeeping might affect
reports indirectly: Compared to individuals who have not
kept records, respondents who have kept a record might
exert greater retrieval effort when tested; alternatively,
they might respond more conservatively, given that they
know that the investigator possesses the true answers (in
the records), Because typical survey respondents have not
kept diaries, the performance of participants in validity
studies may differ from the performance of subsequently
surveyed respondents. To use diaries to assess the accu-
racy of subsequent reports requires first establishing that
diarykeeping does not affect subsequent reports (14),
Neither Hankin et al, (12) nor Willett et al. (13) checked
the effect of recordkeeping on reports, although both
groups of investigators were aware that recordkeeping
might affect reports.

Second, there appears to be no general consensus
among nutritionists and epidemiologists on standards of
validity for dietary reports or even on how validity should
be measured (2,3). Some investigators directly compare
the foods reported by a respondent to the foods that he or
she recorded, sometimes taking quantity into account (12).
This procedure is most tractable for a closed set of
foods –for example, the 33 foods studied by Hankin et al.
(12). Recently, however, indirect scoring methods of the
sort used by Willett et al. (13) have been more commonly
used. Food composition tables are used to translate the
recorded items and the reported items into average daily
values of nutrients of interest. Then the association
between records and reports is calculated for each
nutrient, over respondents. Reports are declared valid if
some criterion level of association is met. For example,
Willett et al, (13) obtained 16 correlation coefficients, one
for each nutrient, and made separate decisions about the
validity of reports for each nutrient.
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Such indirect approaches may fail to detect certain
types of reporting errors that maybe informative about
what dietary information is available in respondents’
memories and about the processes they use while
reporting. Researchers who use indirect methods tend to
treat target nutrients individually rather than as an inter-
dependent set. Therefore, if respondents erroneously
report having eaten items that are similar to consumed
items in some nutrients but not in others, such analyses
may falsely suggest that reports were accurate. This point
is discussed in more detail in appendix 1.

In sum, the decision about how validity is measured is
significant. One might reasonably argue that the measure
used to assess validity need not be the measure that is
ultimately the focus of epidemiological analyses. For
example, it may be appropriate to assess response validity
using direct scoring methods, and then to transform
responses to nutrient values for subsequent analyses of the
relation of nutrient intake to health status. This report
uses direct scoring methods to study the reporting perform-
ance of individual respondents.

Psychological processes in survey
responding

Respondents to dietary surveys are asked what they
have eaten or how often they have eaten various foods and
in what quantities, and, if the survey instrument is consid-
ered valid, the responses are used to make scientific
inferences about diet-disease relationships and to formu-
late health policy. During the last 10 years, survey meth-
odologists have become increasingly sympathetic to the
notion that analysis of the cognitive processes that sub-
serve survey question responding can contribute to
improved survey design and to the reduction of response
error (15–18). An enhanced understanding of people’s
knowledge of their dietary intake might improve dietary
survey data by guiding the development of answerable
survey questions. Initial steps toward such an under-
standing of people’s knowledge might be based on an
examination of the types and frequency of errors exhibited
by respondents to dietary surveys.

In this section, the cognitive demands of dietary
survey procedures are considered, and relevant theory and
data from cognitive psychology are summarized. The
intent of this review is to illustrate what might be reason-
ably expected of a dietary survey respondent, to speculate
about what sorts of errors might occur, and to suggest
some hypotheses about and explanations of performance
in dietary survey procedures.

Survey responding can be decomposed into question
comprehension, information retrieval, and response for-
mulation components; each of these aspects of answering
survey questions may be addressed empirically (15–
17,19,20). In dietary surveys, question comprehension
includes understanding what sort of information is sought
by the interviewer, understanding to what foods the

interviewer is referring, and understanding references to
and making judgments about groups of foods (for
example, collard, turnip, and mustard greens), Informa-
tion retrieval refers to searching memory for information
relevant to a question. Response formulation refers to all
of the mentaI processes involved in producing a response
(for example, using specific information retrieved from
memory, using norms believed to be relevant to the
question, or using some combination of these).

Completely accurate dietary recall would require that
the respondent have a cognitive representation of diet that
included information about what he or she had eaten,
some kind of temporal information, and quantity informa-
tion. In addition, an exhaustive search process would be
required to operate on this memory representation to
ensure the retrieval of all items eaten during the desig-
nated period. The target information would have to be
sufficiently discriminable for retrieval to be limited to the
items eaten during the designated period.

To fulfill all of these requirements would be implau-
sible. In general, long-term memory for any set of items is
far from perfect (21). In contrast, memory for certain
attributes of experience has proved to be quite accurate.
For example, studies of memory for the frequency of
occurrence of events have shown that people can make
reasonably accurate judgments of relative frequency
(22,23). To correctly report portion sizes would require
either that the respondent have precise information about
portion sizes in memory or that he or she be able to
transform the contents of some representation into stand-
ard units of size. Little is known about long-term memory
for size.

What sort of internal representation of dietary infor-
mation might serve as the basis of responding in both the
recall and food frequency procedures? Consider as a
working hypothesis the following model, based loosely on
Anderson and Bower’s (24) two-process model of free
recall: Suppose that an individual has general knowledge
about his or her diet and that this knowledge can be
represented as an associative network among the various
foods that the individual eats. (Foods eaten occasionally
may, of course, be added to the network; no specific
position is taken on the relation of the individual’s knowl-
edge about his or her diet and that individual’s general
knowledge about food.) Suppose further that, for each
occasion on which an individual eats a food item, a marker
is associated to the mental representation of that food
item and that these markers decay over time. In essence,
then, there are two types of information in this represen-
tation. The network of representations of food items
constitutes an individual’s generic dietary knowledge
about his or her own diet. The markers, which may be
associated not only to the mental representation of food
items but also to other contextual information, instantiate
specific dieta~ memories. When asked to recall dieta~
intake, a respondent might use a memo~ search process
that accesses an appropriately marked representation of a
food item and that follows associative paths to other items,

4



To report frequency information, the respondent might
carry out some kind of counting operation on the markers
associated to the representation of the named food item
(23).

A survey respondent asked to report dietary intake for
a designated period is asked for specific dietary informa-
tion and presumably attempts to report appropriate
items – items whose cognitive representations are tagged
with markers that reflect the appropriate time period.
However, memory for dietary intake may be imperfect,
and imperfect memory might result in two types of
reporting errors: The respondent may fail to report items
that he or she ate during the reference period (omissions)
or may report items that he or she did not eat during the
reference period (intrusions). Intrusions might be
observed if the respondent’s report combined reports of
specific dietary memories with plausible inferences from
generic dieta~ knowledge. Because it is implicit in health
survey situations that respondents should be able to
answer the questions, they will be inclined to answer,
regardless of whether their knowledge is sufficient, Thus,
respondents will likely report having eaten items during
the specified period that they did not eat.

These expectations are consistent with the results of
laboratory experiments on memory. Generally, in such
experiments, subjects do not exhibit perfect performance
when asked to recall a previously presented set of target
items (for example, a list of words). Typically, when the
to-be-recalled items are unrelated, errors are primarily
omissions and intrusions are rare (25), As the retention
interval (the time between the presentation of the target
items and the test) is lengthened, the reported proportion
of target items decreases, but there is only a modest
increase in the intrusion rate (26). A quite different
pattern is observed when the target items are related (for
example, when they are exemplars of a single semantic
category): Intrusions are observed, and the intrusion rate
increases as the retention interval is lengthened (27). The
items that an individual eats during any given period are

related both by being members of a single semantic
category and by being members of the more specialized
category, “things that this individual eats.” Thus, it is
reasonable to expect that the recall of dietary intake
would follow the recall pattern of related items.

For judgments of frequency, laboratory studies show
that subjects are highly sensitive to variation in the fre-
quency with which items are presented and estimate
frequency quite accurately (22,23). Most systematic knowl-
edge about the acquisition of frequency information
comes from experiments in which subjects are exposed to
a relatively small set of events, each of which occurs not
more than a few times, and are tested immediately.
Respondents to food frequency questionnaires are asked
to make judgments about a stimulus list that did not have
a well-marked beginning, that occurred over an extended
period, and that contained events that occurred with a
wide range of frequencies. Controlled experiments that
evaluate performance under these conditions have not
been reported in the psychological literature. Neverthe-
less, data concerning memory for frequency suggest that
people may reasonably be expected to estimate frequen-
cies accurately.

The next sections of this report describe experiments
that addressed these issues. Recall of foods eaten, judg-
ments of frequency, and judgments of portion size are
addressed in separate experiments. The goal of these
experiments was to examine some of the cognitive proc-
esses suspected to underlie dietary survey responding in
tasks that approximate those used in nutritional surveys.
The reader is advised from the outset that these are
psychological experiments, designed to address psycholog-
ical questions that appear relevant to some dietary survey
measurement problems. Therefore, the specific informat-
ion collected in the various experiments and the focuses
of the analyses are not necessarily identical to the infor-
mation that would be collected by nutritionists or epide-
miologists or to the analyses that would be carried out by
investigators in those disciplines.
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Dietary recall

In the dietary recall procedure, the respondent is
asked to think back over some period of time and to
report everything that he or she ate or drank during that
period. Although there is general consensus that respond-
ents err in the dietary recall procedure, neither a com-
plete description nor a full explanation of these errors has
been advanced. To develop such an account requires
identi@ing the nature of the information that is available
in the memories of respondents. An understanding of
what information is available could help clarify what sorts
of questions might reasonably be asked of respondents to
dieta~ surveys.

Two hypotheses about performance in the dietary
recall procedure stem directly from the model of the
representation and retrieval of dietary information pro-
posed in the introduction. First, because of the decay of
the markers that represent the particular occasions on
which food items are consumed, the contribution to
reports of specific memories should decrease as the length
of the retention interval increases. Second, as the length
of the retention interval increases, respondents’ reports
will consist increasingly of reports of generic dieta~ infor-
mation. The experiments reported in this section were
conducted to collect data that would help evaluate these
predictions.

The general strategy of these experiments was to ask
people, after the end of a period during which they had
recorded their dietary intake, to report what they had
eaten during that period. Reporting accuracy was assessed
by comparing the reports to the diary records. To test
specific issues of theoretical concern, various aspects of
the conditions under which subjects recorded and
reported their dietary intake were manipulated. These
variables included the duration of the diarykeeping
period, the amount of time between the end of the
diarykeeping period and the memory test, and the
reporting instructions given to subjects at the time of the
memory test. These experiments also addressed several
methodological issues, the resolution of which was neces-
sary for meaningful interpretation of the accuracy data.

In this section, three experiments that involved two
groups of subjects are described. Experiment 1, conducted
with a group of university undergraduates, evaluated
whether diarykeeping is a suitable method for validating
subsequent reports, whether participating in a recall pro-
cedure prior to keeping the diary would influence

subsequent performance, and whether reporting perform-
ance depends on retention interval, Experiment 2
exploited experiment 1‘s findings concerning the suit-
ability of diarykeeping to explore further, with a heteroge-
neous community sample, the effect of the duration of the
retention interval on reporting performance. In addition,
experiment 2 examined reporting performance for refer-
ence periods of different lengths and, indirectly, the orga-
nization of dietary memory. In each of these experiments,
analyses of the data were concerned only with recall of
items that were eaten during the diarykeeping period, not
with the frequency with which those items were eaten nor
with the quantities in which they were eaten. Experiment
3, conducted with subsets of the participants in experi-
ments 1 and 2, assessed the ability of individuals to recall
a set of food items that they had listed prior to
diarykeeping.

Experiment 1: Effects of
recordkeeping and retention
interval

To develop a model of dietary recall performance
requires an understanding of the factors that influence
reporting accuracy. However, to evaluate accuracy of
dietary reports requires an acceptable technique for vali-
dating responses. The most obvious possibility is a written
record, but to use this technique requires establishing that
recordkeeping does not affect subsequent reports about
the recorded events (14).

Similar considerations apply to the administration of a
dietary recall procedure prior to any recordkeeping, Data
collected in an initial recall trial have a variety of potential
uses in research of this type. However, if participation in
such a procedure affects a subject’s subsequent perform-
ance, it would be inappropriate to conduct the procedure.

This experiment was conducted to evaluate diary-
keeping as a method for validating responses, to deter-
mine whether a preliminary recall task influenced
subsequent reports, and to examine the effects of variation
in the length of the retention interval on performance.

Method

Subjects –Ninety-six university undergraduates were
recruited for a two-session study of health-related
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behavior. Subjects were given credit toward the research
participation requirement of their introductory psychology
course and were paid $12.50 to keep a diary for 1 week.

Design – To determine whether diarykeeping influ-
enced reporting performance, half of the subjects were
assigned to record their food and drink intake for 1 week
(food diary condition); the remaining subjects recorded
either their mass media consumption (books, newspapers,
magazines, radio, television, etc.), their social interactions,
m their telephone activity (nonfood diary condition). To
evaluate whether engaging in the dietary recall procedure
prior to recording would influence subsequent perform-
ance, half of the subjects were asked at the beginning of
the first laboratory session to report their dieta~ intake
for the preceding week (initial recall); the remainder did
not complete this task (no initial recall). Finally, to study
the nature of reporting performance as a function of time
since the diarykeeping period, half of the subjects were
assigned to return on the day after the last day of the
diarykeeping week (immediate test); the remainder were
scheduled to return 3 weeks later (delayed test).

Procedure – On the subjects’ first visits to the labora-
tory, those assigned to the initial recall condition
attempted to recall their food intake for the preceding
week, All subjects were instructed on how to keep their
diaries, Food diary subjects were asked to record every
item that they ate or drank during the next 7 days;
nonfood diary subjects were asked to record one of the
alternate sets of events described above, Each subject was
given a set of diary forms and envelopes, was asked to
start a new form on each day of the diarykeeping period,
and was instructed to return the preceding day’s form
each day to one of three secure campus locations. Subjects
engaged in several additional tasks that are irrelevant to
the present discussion, were scheduled to return for their
second sessions, and were dismissed.

In their second sessions, all subjects were asked to
recall their food intake for the week during which they
had kept the diary, Subjects were asked to report whatever
they could remember eating and drinking during that
week, Subjects reported orally, and reports were tape-
recorded, Then, those subjects who had engaged in the
initial recall task were asked also to attempt to recall the
set of items they had listed during the first session.
(Analyses of these reports are described as experiment 3.)

Data analysis

Two types of data are reported. For some of the
research questions, the appropriate measures are counts
of items recorded in the diaries or reported during the
recall test. When simple counts are reported, the number
of distinct items (that is, the number of items after the list
of recorded or reported items has been edited to remove
duplicates) is of usual interest. For other questions, the
appropriate measures are indexes of the correspondence
between the items reported during the recall test and
those recorded in the diary.

To score the dietary reports, each set of items (the
reported items and the recorded items) was edited to
eliminate duplicate entries and to consolidate different
labels for single items (for example, “green salad” and
“tossed salad” would have been combined). After editing,
each distinguishable item that a subject recorded or
reported was treated as having occurred only once in each
set. The edited sets of items were then classified into three
mutually exclusive groups: Reported items that had been
recorded in the diary were classified as matches; recorded
items that were not reported were labeled omissions;
reported items that were not recorded were called intru-
sions.z These counts were used to calculate the match and
intrusion rates of each subject. The match rate is the
proportion of recorded items that were reported (the ratio
of matches to the sum of matches and omissions), and the
intrusion rate is the proportion of reported items that
were intrusions (the ratio of intrusions to the sum of
matches and intrusions). (These measures and the ration-
ale for their use are discussed more fully in appendix H.)

To assess the reliability of these scoring procedures,
two individuals scored the reports of 24 subjects. The
correlations between the resulting scores were 0.95 for
match rates and 0.83 for intrusion rates. Thus, the judg-
ments of individual scorers were deemed acceptable for
the protocols of the remaining subjects.

Results and discussion

Two subjects were dropped from the study because
they were unable to return for the second session at their
scheduled times. Each of the other subjects submitted the
seven required daily diaries and returned for the second
session according to the prescribed schedule. This experi-
ment was run as two replications of 48 subjects; one
analysis is reported only for data collected in the first
replication.

Effect of diarykeeping– Logically, the first issue of
concern is whether recordkeeping influenced perform-
ance. If the subjects’ reports depended on whether they
had kept a food diary, then the usefulness of diaries as a
validation method would be suspect. To answer this ques-
tion requires comparing the reports of subjects who kept
food diaries to those of subjects who did not. Thus, some
characteristic of the subjects’ reports other than accuracy
(for example, number of items reported) must be

2For purposes of this report, intrusions are defined strictly as reported
items that had not been recorded. It is always possible that a reported
item was eaten,but not recorded, in which case it would be scored as an
intrusion despite its having been eaten during the reference period. To
conduct research of the type decribed in this report, some standard has
to be accepted as representative of the truth; in these experiments, the
diaries were taken as this standard. Smith et al. (28), in experiment 2,
showed that subjects were highly consistent, over recording periods, in
how many distinct items they recorded. This suggests that the subjects in
these experiments took seriously the diarykeeping task and that the
quality of subjects’ diaries did not deteriorate over time.
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examined, because there is no way to evaluate the accu-
racy of the reports of subjects who did not keep diaries.

Table A shows the numbers of items reported by
subjects in the two diary conditions for each retention
interval. The type of diary kept by the subjects did not
influence systematically how many items they reported
(F(1,90) < 1), and the interaction of the length of the
retention interval and diary type was not significant
(F(1,90) = 2.49, p > 0.10). Not surprisingly, the number
of reported items depended on the length of the retention
interval. Subjects who were tested immediately after the
reference period reported significantly more items than
did those who reported 3 weeks later (F(1,90) = 5.81,
p < 0.02). Taken together, these results indicate that
diarykeeping is a suitable validation procedure for these
studies. (For a fuller discussion, see Smith et al. (14).)

Effect of initial recall– Data from subjects’ reports
about their dietary intake for a period that precedes the
diarykeeping period have several potential uses in
research of this type. However, to collect such data would
be appropriate only if the procedure did not affect later
performance. If, when recalling for the diarykeeping
period, subjects who had engaged previously in such a
procedure reported more items or reported more accu-
rately than subjects who did not, the procedure should not
be carried out. Again, this is because the typical respond-
ent to a dietary survey has not engaged in such a previous
recall attempt, and one of the research objectives was to
collect data that are at least somewhat generalizable to
such respondents.

The initial recall procedure affected neither the count
nor the accuracy measure of performance. On average,
subjects who had engaged in the initial recall procedure
reported 38 different items, whereas those who had not
reported 36.2. This difference was not significant (F(1,90)
= 1.33), and the initial recall variable did not interact with
any other experimental variable. Among subjects who had
kept food diaries, subjects who had participated in the
initial recall procedure did not differ on the accuracy
indexes from those who had not (F(2,42) < 1). The match
and intrusion rates of subjects who participated in the
initial recall procedure were 0.48 and 0.30, respectively
for subjects with no initial recall, these rates were 0.46 and
0.26, respectively.

Retention interval– The major substantive question of
this experiment was whether reporting performance
depends on the length of the retention interval and, if so,

Table A, Number of items reported by subjects in experiment 1,
by retention interval and diary type

Retention interva/

Diary type Immediate test Delayed test Mean

Number

Food . . . . . . . . . . . . . . . . 39.4 36.2 37.9
Nonfood . . . . . . . . . . . . . 43.7 28.3 36.2
Mean . . . . . . . . . . . . . . . 41.5 32.3 37.0

NOTE 24 subjects participated in each disry group that received an immediate tes~ 23

subjecte participated in each diery group that recaivad a delayed test,

how. Two analyses are reported – an overall analysis of
accuracy for the entire diarykeeping period (as described
above), in which a reported item was scored as a match if
it had been recorded at any time during the diarykeeping
period, and an analysis by days, in which a match rate was
calculated separately for each day of the diarykeeping
period.

Consistent with extensive data from other memory
experiments, reporting performance deteriorated as the
retention interval was lengthened – the average match
rate decreased, and the average intrusion rate increased,
For subjects who were tested immediately after the end of
the diarykeeping period, match and intrusion rates were
0.55 and 0.22, respectively for subjects who were tested
after a 3-week delay, the match and intrusion rates were
0.38 and 0.34, respectively. The subjects in the two reten-
tion interval groups differed significantly on each meas-
ure: For match rate, F(1,43) = 17.36, p < 0.0001; for
intrusion rate, F(1,43) = 7.82, p <0.01.

If the probability of reporting a consumed item
decreases with the amount of time that has elapsed since
eating that item, one would expect, at least for subjects
tested immediately after the end of the diarykeeping
period, that memory for intake on the later days of the
reference period would be superior to memory for intake
on the earlier days. This hypothesis was evaluated by
calculating, for each subject in the first replication of the
experiment, a match rate for each day of the reference
period: The number of matches for each day was divided
by the number of items recorded on that day. Then, for
each subject, these daily match rates were regressed on
day of the reference period; the slope of the estimated
regression line (change in match rate per day) was taken
as an index of memory stability, For example, a slope of O
would indicate the absence of any systematic change in
match rate over the days of the reference period, whereas
a positive slope would indicate higher match rates for the
later days of the reference period than for the earlier
ones.

The daily match rates of subjects tested immediately
after the diarykeeping period increased from the early
days of the reference period to the later ones, whereas
those of subjects tested after a 3-week delay showed no
systematic relationship to day of the reference period, The
mean slopes for subjects in the immediate- and delayed-
test conditions were 0,028 and –0.001, respectively; these
differed significantly, t(45) = 3.28, p <0.005. In terms of
the model of memory proposed in the introduction, these
results suggest that specific memories deteriorate day by
day, so that the reports of subjects tested after a 3-week
delay are likely to consist less of specific clietary memories
than of generic dietary information. This hypothesis is
pursued further in experiment 2.

Experiment 2: Effects of retention
interval and instructions

Experiment 1 showed that diaries were a suitable
standard against which reports of dietary intake could be
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scored, that subsequent performance was not affected by
engaging in a recall trial prior to recording, and that
dietary reporting performance decreased as the retention
interval increased. The dependence of reporting perform-
ance on the retention interval was shown in both a
general and a more refined way: Overall performance was
better for subjects tested immediately after the retention
interval than for those tested after a 3-week delay; more
specifically, the match rates of the former subjects were,
on average, best for the last day of the reference period
and deteriorated back toward the first day at a rate of
about 3 percent per day.

Subjects in the delayed-test condition of experiment 1
were tested 29 days after the beginning of the reference
period, Their match rates were considerably above zero,
but their daily match rates did not depend on the day of
the reference period. Obviously, then, the reports of these
subjects were based, at least in part, on memories other
than those whose deterioration was revealed by the sys-
tematic decline in daily match rate for subjects in the
immediate-test condition. Experiment 2 was designed to
pursue the hypothesis that individuals’ reports of dietary
intake are based, in large part, on generic knowledge
about their diets.

To study the dietary reporting performance of individ-
uals who were more similar to national health survey
respondents than are university undergraduates, a hetero-
geneous sample of community volunteers was recruited.
Three variables were manipulated to evaluate specific
hypotheses about how dietary intake is represented in
memory and, in particular, to examine the proposed
distinction between generic knowledge and specific
dietary memories. The length of the retention interval was
varied to replicate and extend, over a greater span of time,
the manipulation of experiment 1. The observed effect of
the length of the retention interval in that experiment was
interpreted as evidence that specific dietary memories
become unavailable over time. The length of the reference
period was manipulated to evaluate the notion that there
is a tradeoff, reflected in performance measures, between
dietary representativeness and reporting accuracy
Because people have the opportunity to eat a greater
variety of items during a long period than during a short
one, reporting performance for longer reference periods
should be less sensitive to the length of the retention
interval than that for shorter reference periods. Reporting
instructions were manipulated to test the hypotheses that
different sets of instructions –in the form of cues intended
to help respondents retrieve memories –might provide
different entry points into memory and that different
patterns of responses in different instructional conditions
might be informative concerning the organization of
dietary memory.

Method

Subjects- Subjects were recruited by advertising in the
Binghamton, New York, area for participants for a study
of health-related everyday behavior. Subjects were

assigned randomly to conditions, but under the constraint
that the ages and genders of the subjects be roughly
balanced over the eight experimental conditions defined
by the lengths of the reference period and of the retention
interval. Data from 170 subjects are reported; table B
classifies these subjects by demographic categories and
experimental conditions and shows also how many sub-
jects failed to complete the experiment. Data from seven
subjects who completed the procedure were lost before
they were analyzed. Subjects were paid $16 for the labo-
ratory sessions and $12,50 per week for diarykeeping.

Design – Eight experimental conditions were defined
by the orthogonal combination of two reference period
lengths and four retention intervals. Within each of these
conditions, subjects were assigned at random to three
instruction conditions. Approximately half of the subjects
were assigned to keep a diary for 2 weeks; the remainder
were asked to keep a diary for 4 weeks. Approximately
one-quarter of the subjects were assigned to each of the
four retention interval conditions– immediately after the
reference period (O weeks) or 2, 4, or 6 weeks after the
end of the diarykeeping period. When asked to recall their
dietary intake for the reference period, subjects were
assigned randomly to receive one of three different sets of
recall instructions – to report in reverse chronological
order, to report by food groups, or to report by meal.
These instructions involved presentation of prompts, or
cues (e.g., “meats” and “fruits” for the food group instruc-
tions; “breakfast” and “lunch” for meals; a calendar
marked with dates for reverse chronological).

Procedure – Subjects attended two laboratory sessions
and kept a food diary. In the first session, approximately
half of the subjects attempted to recall what they had
eaten and drunk during the preceding 2 or 4 weeks,
depending on the length of time for which they would be
asked to keep a diary. Then all subjects were instructed on
how to keep the food diary. They were asked to record
each item that they ate or drank during their assigned

Table B. Number of subjects in experiment 2, by demographic
category and experimental condition

Demographic categoty

Condition Total F–1 F–2 F-3 F-4 M-1 M-2 M-3 M-4 Drop

Target . . . . . . . . 24 4 5

Total . . . . . . . . . 170 27 37
2-O . . . . . . . . . . 24 2 7
2–2 . . . . . . . . . . 23 4 3
2-4 . . . . . . . . . . 19 3 6
2-6 . . . . . . . . . . 22 4 5
4-o . . . . . . . . . . 21 3 5
4-2 . . . . . . . . . . 22 4 4
4-4 . . . . . . . . . . 19 4 3
4-6 . . . . . . . . . . 20 3 4

Drop . . . . . . . . . 14 3 2

Number

5223210

36 15 12 18 20 5 14
6112410
5322400
3212204
412321 1
4222211
5222212
4213202
5212214

303210 . . .

NOTE Conditions are dsalgnated by duration of the reference period, In weeks, and the
retantion interval, in weeks (for example, 2-o refera to a 2-week reference period and a O-week
retention interval). Demographic groups are designated by gender (M = male! F = female)
and age catagory (1 = 21-2S4 2 = 30-44 3 = 45+ 4 = 65 and over). Drop refers to
individuals who failed to complete the experiment. Data from 7 participants who sompleted the
experiment were Ioat prior to data analysis and ara therefore not included In this table.
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reference periods. Subjects were given a supply of forms
and envelopes, told to start a new form each day, and
asked to submit their records by mail twice per week.
Finally, subjects were told that a followup session was
required, and second sessions were scheduled according to
the requirements of the retention interval manipulation.
There was no indication that the followup session would
involve memory tests.

In the second session, subjects were asked to report
all items that they had eaten or drunk during the diary-
keeping period. Each subject was given one of three sets
of instructions for reporting: Reverse chronological order,
food groups, and meals. Subjects were told that these cues
might help them organize their reports. They were told
that they should not feel constrained by the cues, but
rather that they should report whatever came to mind.
Subjects engaged in several additional tasks, some of
which will be described in subsequent sections of this
report, and were debriefed.

Results

Although the experimental participants were gener-
ally very cooperative in submitting their diaries, some were
not received, For the 2-week and 4-week recording
periods, diaries were missing for 6 subject-days and 33
subject-days, respectively. These constituted 0.5 percent
and 1.4 percent, respectively, of all the subject-days for
the two conditions. It was assumed that these losses would
have negligible effects on the results.

The data were edited and scored using the procedures
described for experiment 1. Ninety-six report protocols
were scored by two judges: The correlations between the
match and intrusion rates calculated by the two judges
were 0,91 and 0.90, respectively.

To enhance the clarity of exposition, the principal
results are described here, but presentation of detailed
results, including values of test statistics, is deferred to
appendix III. Unless otherwise noted, statements con-
cerning the effects of experimental manipulations are
made with a p of 0.01 or less, and statements concerning
the lack of effects are made with ap of 0,25 or greater. To
further simplify the presentation of the results, the effects
of the length of the retention interval and the reference
period length are discussed first, and then the effect of the
reporting instructions is examined.

Effect of retention interval and reference period
length – Table C shows the mean number of items
recorded by subjects in each of the conditions defined by
the lengths of the reference period and of the retention
interval. The length of the reference period affected the
number of items recorded in an orderly and sensible way:
Subjects who kept diaries for 4 weeks recorded more
different items (but only about 1V2 times as many) than
did subjects who kept diaries for 2 weeks. As some items
are eaten on multiple occasions during the reference
period, the rate of growth of the to-be-reported set of
items is negatively accelerated. Because the retention
interval followed the recording period, it should have had

Table C. Number of items recorded by subjects in experiment 2,
by reference period iength and retention intervai

Reference period length

Retention interval 2 weeks 4 weeks Mean

Number

Oweek . . . . . . . . . . . . . . . 62.9 107.1 83.5
2weeks . . . . . . . . . . . . . . 63.4 105.5 64.0
4 weeks . . . . . . . . . . . . . . 69.7 108.7 69.2
6weeks . . . . . . . . . . . . . . 71.8 104.3 87.3
Mean . . . . . . . . . . . . . . . . 66.7 106.4 65.9

NOTE For number of subjects per condition, see table B.

no effect on the number of items recorded. Table C shows
that, indeed, the retention interval did not affect the mean
number of items recorded by subjects during either refer-
ence period. There was no interaction of the lengths of the
reference period and of the retention interval on the
number of-items recorded,

Table D shows the mean match and intrusion rates
for subjects in the eight experimental conditions defined
by reference period length and retention interval. Two
features of these results are particularly salient. First, the
average match rate over experimental conditions was only
0.38; among the conditions, the highest mean match rate
was only 0.49. Second, on average, approximately one-
third of the reported items were intrusions; in no condi-
tion was the mean intrusion rate less than 0.27. In general,
then, the subjects’ free reports of their dietary intake did
not effectively describe their intake during the specific
period about which they were asked.

The pattern of match and intrusion rates shown in
table D indicates, consistent with the results of experi-
ment 1, that dietary reporting performance deteriorated
as the length of the retention interval increased. Consist-
ent with other data on memory decay, the decrease in
these rates was negatively accelerated. (All tests of the
effect of retention interval length reported in this section
used a contrast with a negatively accelerated “shape”: The
weights applied to the 4- and 6-week levels of retention
interval were equal and, in sum, opposite to the weight
applied to the O-week level.)

Although the average match rates of subjects assigned
to the txvo reference periods did not differ, subjects who
reported for a 2-week period exhibited higher intrusion

Table D. Match and intrusion rates for subjects in experiment 2,
by reference period iength and retention intervai

Reference period length

2 weeks 4 weeks Mean

Retention interval p(mtc) pfint) p(mtc) p(int) p(mtc) p(lnf)

Rate

Oweek . . . . . . . . 0.49 0.27 0.46 0.29 0.48 0.26
2weeks . . . . . . . 0.42 0.39 0.37 0.28 0.39 0.34
4weeks . . . . . . . 0.26 0.40 0.34 0.34 0.31 0.37
6weeks . . . . . . . 0.30 0.42 0.32 0.33 0.31 0.38
Mean. .,...... 0.36 0.37 0.37 0.31 0.38 0.34

NOTE P(mtc) is the match rats p(int) Is the intrusion rate. For number of subjects per
condtion, eee table B.
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rates than did subjects who reported for 4 weeks. Further,
as shown in table D, the mean intrusion rate increased
quite steeply over retention intervals for subjects in the
2-week reference period condition but increased only very
slightlyfor those in the 4-week reference period condition.
(The interaction of reference period length and retention
interval was significant at p e 0.05.)

Effect of reporting instructions – At the time of the
memory test, the subjects were given one of three sets of
retrieval cues. They were told that these were intended to
aid rather than to constrain their reports and that they
should feel free at all times to say whatever came to mind.
Because subjects could use any preferred reporting
strate~~, the instruction manipulation was not expected to
affect performance markedly. This prediction was incor-
rect; the observed results are potentially informative con-
cerning the organization of memory for foods and the way
in which personal dietary experiences are retrieved from
this memory.

Table E shows how many items, on average, were
recorded and reported by subjects who received each of
the three sets of instructions for each reference period
length, Appropriately, the reporting instructions did not
influence the number of items recorded during the diary-
keeping period. However, subjects who received food
group cues reported significantly more items than did
those who received reverse chronological or meal cues; the
mean numbers of items reported by subjects in the latter
two conditions did not differ.

Table F shows the mean match and intrusion rates
for subjects in the three instruction conditions. Match
rates did not differ significantly over the three conditions,
and none of the interactions of instructions with other
experimental conditions was significant. However, intru-
sion rates did differ among the instruction conditions.
Subjects who received food group cues exhibited signifi-
cantly higher intrusion rates than did subjects who
received the reverse chronological or meal cues; the intru-
sion rates of subjects in these latter two conditions did not
differ.

Table E. Numbers of items recorded and reported by subjects in
experiment 2, by instruction condition and reference period
length

Instructions
Reference

period Backward Food group Meal Mean

Number of items recorded

2weeks . . . . . . . . . . . . 67.4 67.0 65.9 66.7
4weeks, . . . . . . . . . . . 100.2 110.1 106.2 106.4
Mean . . . . . . . . . . . . . 82.3 68.9 85.1 65.9

Number of items reported

2weeks . . . . . . . . . . . . 35.5 46.9 36.6 42.6
4weeks . . . . . . . . . . . . 51.2 66.0 56,2 59.0
Mean . . . . . . . . . . . . . 42.6 56.6 45.9 49.2

NOTE Numberof subjects per condition was as follows (from left to right and top to bottom):
23, 32, 33, 19, 33, and 30.

Table F. Match and intrusion rates for subjects in experiment 2,
by instruction condition and retention interval

hatruction

Backward Food group Meal Mean

Retention interval p(mtc) p(int) p(mtc) p(int) p(mtc) p(int) p(mtc) p(int)

Rate
Oweek . . . . . . . . 0.51 0.17 0.46 0.34 0.46 0.26 0.48 0.28
2 weeks . . . . . . . 0.46 0.28 0.39 0.38 0.35 0.33 0.39 0.34
4 weeks . . . . . . . 0.26 0.34 0.33 0.42 0.34 0.37 0.31 0.37
6 weeks . . . . . . . 0.31 0.40 0.33 0.40 0.28 0.33 0.31 0.38
Mean . . . . . . . . . 0.37 0.31 0.39 0.38 0.36 0.32 0.38 0.34

NOTE: P(mtc)la the match rate; p(int) is the intrusion rate. For number of subjects per cell, see
table E.

Discussion

These results build on those of experiment 1 in
suggesting the important contribution of generic dietary
knowledge to dietary reporting. Three features of the
results particularly encourage this conclusion.

The first is the retention interval effect: As the reten-
tion interval was lengthened, reporting performance
declined to the point that only 30 percent of recorded
items were reported and 40 percent of reported items
were intrusions. Even for the shortest retention intervals
(which, in this experiment, admittedly followed long
acquisition periods), subjects reported only half of the
items they had recorded and exhibited intrusion rates of
about 30 percent. People, when reporting their dietary
intake for extended periods, clearly do not have access to
memory representations that include accurate temporal
information. Specific memories surely contribute to
dietary reports: After all, match rates are highest for
subjects tested immediately after the end of the diary-
keeping period, and, as was seen in experiment 1, subjects
tested immediately after the end of a l-week diarykeeping
period report more items from the last days than from the
earlier days of the reference period. Nevertheless, dietary
reports appear to consist, in large part, of individuals’
guesses about what they probably ate. Intrusions must
have some cognitive origin, and generic knowledge about
diet is a likely source, If subjects have general knowledge
about their diets but imperfect representation of when
they ate various foods, then, when they are asked to recall
what they have eaten for a period of 2 or 4 weeks, they
may list foods that they routinely eat without regard to
when they ate them.

The second result that encourages the generic knowl-
edge hypothesis is the interaction of the retention interval
and the reference period length on the intrusion rate. The
absolute intrusion rates of subjects who reported for a
4-week period did not depend on the length of the
retention interval, whereas those of subjects who reported
for a 2-week period increased as a function of the length
of the retention interval. Because subjects who reported
for a 4-week period had more opportunity, during their
diarykeeping periods, to eat the routine elements of their
diets, they had considerably more latitude than did the
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2-week subjects to misremember and misdate their dietary
experiences. When accuracy is scored on the basis of
whether an item was ever eaten during the reference
period, the longer the reference period is, the more
accurate subjects can be. To the extent that they can think
of items to report, the greater will be the convergence
between what they are supposed to report and what they
do report. If, as the retention interval is increased, indi-
viduals’ reports degenerate to descriptions of their generic
diets, reports and records would become increasingly
discrepant for subjects reporting for the 2-week interval,
and this is precisely what was observed. These results are
consistent with those of laboratory experiments involving
the recall of lists of categorically related words, which
show that intrusion rates increase as retention intervals
increase and, necessarily, decrease as the number of
to-be-remembered words from a category increases
(25,29,30).

The third resuIt that supports the conjecture con-
cerning the contribution of generic dieta~ knowledge to
reports is the observed effect of reporting instructions on
intrusion rates. The subjects’ general knowledge about
food may be organized by food groups –food group
instructions increased the number of items that subjects
reported. It is of particular interest that these instructions
elevated only the intrusion rate, not the match rate. In
other words, food group cues appear to have given sub-
jects mental access to more responses but not to the
specific responses that would have improved performance.

Experiment 3: Free recall of an
unambiguous target list

Individuals’ dietary reports appear to be based on
generic knowledge of their diets. One might be concerned
that the patterns of results suggesting this conclusion are
an artifact of the unusual conditions that prevailed during
the acquisition of the to-be-reported items. Although the
results of experiments 1 and 2 accord reasonably well with
relevant published findings on free recall of related items,
a distinctive feature of experiments 1 and 2 was that
acquisition occurred over very long periods of time.
Because irrelevant events were interspersed, during the
acquisition phase, with the to-be-reported events, subjects
may have been confused about exactly what items were to
be reported. Experiment 3 was designed to examine recall
of an unambiguously defined list of dietary items, Each
subject was asked to report a set of food items that he or
she had listed during a single brief period, Specifically,
each subject who had been assigned to the initial recall
condition of experiment 1 or 2 was asked to recall the set
of items that he or she had recorded during the first
laboratory session. Because that list was created during a
discrete period, there should have been no ambiguity at
the time of recall about what constituted the target set,

Method

Subjects– The two groups of participants in this exper-
iment were those subjects who completed the initial recall
task in experiments 1 and 2. For this experiment, these
groups will be labeled groups 1 and 2, respectively.

Design and procedure– Subjects assigned to the initial
recall conditions of experiments 1 and 2 were asked during
their first laboratory sessions to write down everything
that they had eaten and drunk during the preceding week
(experiment 1) or during the preceding 2 or 4 weeks
(experiment 2), depending on the amount of time for
which they would subsequently be asked to keep a diary.
In the second session, following the dieta~ recall proce-
dure, subjects were asked to recall the items that they had
recorded during the first laboratory session. For group 1,
two retention intervals (1 week and 4 weeks) were crossed
with two types of diary that had been kept during the
reference period (food and nonfood). For group 2, four
retention intervals were crossed with two reference period
lengths.

Results and discussion

The recall protocols were scored in the fashion
described for experiment 1, with the initially recorded
items serving as the standard set. Table G shows mean
match and intrusion rates for subjects in group 1 by type of
diary and length of retention interval. Although the mean
match rate was higher and the mean intrusion rate was
lower for subjects who recalled their list after 1 week than
for those who recalled their list after 4 weeks, the differ-
ences were quite small – 0.06 for match rate and 0.07 for
intrusion rate. Numerically, the effect of the retention
intervaI on these data was substantially smaller than that
observed for reports of intake during the reference period,
A multivariate analysis of variance (MANOVA) on these
data showed a significant effect of retention interval
@(2,42) = 3.28, p < 0.05) but neither a significant effect
of diary type (F(2,42) = 1.94, p > 0.10) nor a significant
interaction (F(2,42) c 1).

Table H shows the match and intrusion rates for
subjects in group 2 by retention interval and reference
period length. Neither of these variables affected system-
atically either of the measures of correspondence between

Table G. Match and intrusion rates for subjects in experiment 3,
group 1, by retention interval and diary type

Retention interval

/immediate test Delayed test Mean

Diary type p(mtc) p(lnt) p(mtc) p(int) p(mtc) p(ht)

Rate

Food . . . . . . . . . 0.49 0.26 0.40 0.29 0.44 0.28
Nonfood . . . . . . 0.52 0.26 0.48 0.37 0.50 0.32
Mean . . . . . . . . 0.50 0.26 0.44 0.33 0.47 0.30

NOTE: P(mtc) is the match ratq p(int) Is the intrusion rate.
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Table H. Match and intrusion rates for subjects in experiment 3,
group 2, by reference period length and retention interval

Reference period length

2 weeks 4 weeks Mean

Refetrtlorr Interval p(mtc) p(int) p(mtc) p(int) p(mtc) p(lnt)

Rata

O week . . . . . . . . 0.41 0.45 0.43 0.48 0.42 0.47
2weeks . . . . . . 0.46 0.40 o.4a 0.44 0.47 0.42
4weeks . . . . . . . o.3a 0.43 0.43 0.48 0.41 0.46
6weeks . . . . . . . 0.41 0,48 0.44 0.45 0.42 0.47
Mean, .,...,, 0.42 0.44 0.45 0.46 0.44 0.45

NOTE P(mtc) is the match rate; p(int) is the intrusion rate.

the two sets of responses: For reference period,
F(2,73) < 1; forretention interval, F(6,146) < 1; for the
interaction of reference period and retention interval,
F(6,146) <1. This is not to say that the length of the
reference period had no effect on performance. On
average, both during the preliminary recall and during the
recall of that list, subjects whose reference period was
4 weeks recorded and recalled more items than did sub-
jects whose reference period was 2 weeks. The average
numbers of items recorded during the preliminary recall
task were 45.2 and 55.5 by subjects whose reference
periods were 2 and 4 weeks, respectively; the average
numbers recalled by these two groups of subjects were
32.6 and 47.8. Subjects working with a 4-week reference
period record and report more items than do subjects
whose reference period is 2 weeks. However, for neither
these counts nor for the match and intrusion rates was
there any dependence, for subjects in group 2, on reten-
tion interval.

Subjects appear to have been relatively indifferent to
what they recorded at the initial laboratory session, The
high intrusion rates suggest that at the time of recall, and
quite possibly at the time of initial recording as well,
subjects simply produce a list of items that they are likely
to have eaten.

General discussion

The results of experiments 1–3 converge to suggest
that individuals who are asked to recall their dietary
intake for a specific exlended period rely increasingly on
generic knowledge about their diets as the time delay from
the reference period to the recall test increases. Although
specific memories clearly contribute to dieta~ reports,
those memories are rapidly lost.

Several types of evidence lead to this conclusion. The
deterioration in reporting performance over time from the
end of the reference period, reflected both in decreasing
match rates and in increasing intrusion rates, suggests that
the representation of temporal information associated
with routine dietary intake decays. However, match rates
do not drop to zero. Even 6 weeks after the end of a
2-week reference period, the mean match rate was 0.30. If

subjects use generic dietary knowledge, they would be
expected to report from that knowledge even if they had
no specific memories of the reference period (31). The
observed interaction in experiment 2 of reference period
length and retention interval on intrusion rates and the
observed effect of reporting instructions are consistent
with this view.

An additional analysis of the data from experiment 1
provides further support for the hypothesis that as reten-
tion intervals are lengthened, subjects rely increasingly on
generic knowledge to report their intake for a designated
period. If, as retention intervals are lengthened, reports
degenerate to descriptions of generic dietary knowledge,
then, if reports were scored against a list of items that
constituted the salient components of generic dietary
knowledge, the reports of subjects tested immediately
would contain more unique items —items that are not in
that list of elements of generic knowledge – than would
the reports of subjects who are tested 3 weeks after the
end of the diarykeeping period.

To test this prediction requires some estimate of the
contents of generic dietary knowledge, Because the partic-
ipants in experiment 1 were university undergraduates,
many of whom lived in university residence halls and
participated in a campus meal plan, it was assumed that
the generic dietary knowledge of the subjects was suffi-
ciently similar that a common estimate could be used for
all of them. That estimate was constructed as follows:
Each of 23 undergraduate participants in an unrelated
psychological experiment was asked to list the items that a
typical person of his or her age and gender would eat in a
typical week, From these lists, a list was created that
contained items listed by at least 10 of the 23 subjects;
these items are considered stereotypic of the diets of these
individuals. The l-week dietary report of each experi-
ment 1 subject was scored against this list to find the
proportion of reported items not on the stereotype list –
this was called the proportion of unique items (that is, the
proportion of the reported items unique to the subject).
For a subject who reported only items from the list of
generic items, the proportion of unique items would have
been O;for a subject who reported no items from the list of
generic items, the proportion of unique items would have
been 1.

Table J shows the mean proportion of unique items
for subjects in the four conditions defined by diary type
and retention interval. Consistent with the prediction, the

Table J. Mean proportion of unique items reported by subjects in
experiment 1, by retention interval and diary type

Retention interva/

D;ary type hrrmediate test Delayed test Mean

Food . . . . . . . . . . . . . . . . 0.38 0.28 0.33

Nonfood . . . . . . . . . . . . . . 0.41 0.32 0.37
Mean . . . . . . . . . . . . . . . . 0.39 0.30 0.35

NOTE Higher valuea indicate a greater propoflion of Iiated items not on the stereotype 1!s!.
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proportion of unique items in the subjects’ reports was reports of subjects who were tested after a 3-week delay
significantly higher for subjects who reported immediately (14).
than for subjects who received a delayed test, F(1,89) = Although people have access to and report some
14,43,p c 0.001,The dieta~ reports of subjects who were specific memories about their dietary experiences, these
tested immediately following the reference period corre- are incomplete, and dietary reports degenerate rapidly to
sponded more poorly to the generic list than did the reports of general knowledge about dietary intake.

.
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Frequency judgments

To characterize completely the nutritional intake of
individuals, it is important to know not only what foods
they eat but also how often they eat those foods: Experi-
ments 4-6 investigated several properties of frequency
reports.

The most popular type of instrument for collecting
dietary information in large-scale epidemiological studies
is the food frequency questionnaire. Respondents to such
questionnaires are asked to indicate either the rate at
which or how many times they ate each of several items
during some period – for example, 1 month or 1 year. Is it
reasonable to ask people questions of this sort? How
accurate are the responses? What is the nature of the
representation in memory on which those responses are
based?

Several distinct lines of research in experimental psy-
chology converge to show that people are quite sensitive to
variations among items in frequency of occurrence
(26,32,33), Numerous experiments show that subjects can
report experienced frequency quite accurately when they
are tested shortly after experiencing the target set of
events, Thus, insofar as dietary experiences during some
period can be construed as a list of stimulus items,
subjects might be expected to report, with reasonable
accuracy, how many times they ate various foods during
that period. However, the conditions under which subjects
experience the “list” of food items differ in several signif-
icant ways from those of typical laboratory experiments on
memory for frequency “List items” are experienced over
periods that range from 1 month to 1 year, the number of
list items exceeds by far the number found in typical
laboratory experiments, and the range of frequencies with
which list items occur is much larger. The experiments
described in this section examined acquisition, retention,
and reporting of frequency information under conditions
that approximate more closely those under which food
frequency information is acquired and remembered than
do the conditions of most laboratory experiments on
memory for frequency.

Two measurement issues require some prefato~
remarks, The first concerns the measurement of memory
for frequency, Several measures of memory for frequency
are used in this section, One of these is the correlation
between the actual frequency of occurrence of food items
(as recorded in diaries) and subjects’ estimates of those
frequencies. The correlation coefficient measures the

linear relationship between the two counts. Its advantage
over other measures is that it standardizes the variabilities
of the actual and estimated frequencies, but its disadvan-
tage is that a correlation between actual and estimated
frequencies could be quite high even if the estimates failed
to reflect the absolute variation in actual frequencies. For
example, if reported frequencies were consistently one-
tenth of the actual frequencies, the correlation between
these sets of counts would be 1. The absolute variation in
frequency is reflected by the slope of the function esti-
mated by regressing reported frequencies on actual
counts. When feasible, this measure is reported. Various
measures of memory for frequency are discussed in detail
by Naveh-Benjamin and Jonides (34).

A second measurement issue that requires clarifica-
tion concerns the distinction between analysis of memory
for frequency within subjects and analysis of memory for
frequency for items, across subjects, Most psychological
experiments on memory for frequency assess performance
within subjects. Such experiments ask whether, for a given
subject, there is a functional relationship between the
actual and the reported frequencies, and, if so, about the
nature of that relationship. These questions are addressed
by analyzing the relationship between the frequencies of
the items presented to the subject and his or her fre-
quency estimates. Typically, epidemiologists are not inter-
ested in the association between estimated and actual
frequency for an individual over items. Instead, they are
interested in the association between estimates and actual
frequency for a given item over respondents. In other
words, epidemiologists want to know not whether an
individual who eats chicken more often than hamburger
reports this, but whether an individual who eats more
chicken than does a second individual reports a higher
estimate for frequency of eating chicken than does the
second, Such a between-subjects analysis is reported,
where appropriate.

The three experiments described in this section inves-
tigated various aspects of the ability of people to make
food frequency judgments. Experiments 4 and 5 investi-
gated the accuracy of frequency reports for previously
recorded dietary events and the conditions that influence
the accuracy of those judgments. Experiment 4, carried
out with a subset of the participants in experiment 2,
examined the effects of reference period length and reten-
tion interval on frequency judgments. Subjects’ frequency
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estimates were regressed on counts of the number of
occasions on which they had recorded target items in their
diaries. To prepare materials for these subjects, recorded
items were collapsed into more general classes. Because
subjects and investigators might have disagreed about this
categorization, experiment 5 asked subjects to report how
often they had eaten each of a closed set of items which
were described identically both on a checklist diary form
and on the frequency questionnaire. Experiment 5 also
evaluated whether engaging in the dietary recall proce-
dure prior to making frequency judgments affected those
frequency judgments.

The approach of experiment 6 to the study of fre-
quency judgments was somewhat different. Experiment 6
investigated the sensitivity of frequency judgments to
retrieval cues. Prior to making a judgment about how
often they had eaten some food during a specified time
period, subjects in experimental conditions were in-
structed to engage in thoughts that were designed either
to promote or inhibit the retrieval from memory of
instances of target foods.

Experiment 4: Effects of retention
interval and reference period
length

Numerous experiments have found a systematic rela-
tionship between the remembered frequency of occur-
rence of events and the actual frequency with which those
events occurre’d. Underwood et al. (26) showed that as the
time between the presentation of the target set of events
and a frequency test increases, the ability of subjects to
discriminate betxveen different frequencies deteriorates,
so that the slopes estimated by regressing estimated fre-
quencies on actual frequencies decrease over retention
intervals, Experiment 4 evaluated whether such a system-
atic effect of the length of the retention interval on the
association between actual and estimated counts would be
observed for judgments of food frequency,

A subset of the participants in experiment 2, after
reporting their dietary intake for their diary period, were
asked to indicate how often, during the reference period,
they had eaten each of a set of food items. A special test
set of foods was constructed for each participant, based on
the contents of his or her diary.

Judgments of frequency might be based on counts of
the markers that represent specific dietary memories, or
they might be reports of normative frequencies that the
individual supposes are typical of his or her diet (23,35).
When subjects report frequencies for some reference
period after a delay, estimation may involve counting
markers that are decayed sufficiently that they may plau-
sibly be records of events that occurred during the refer-
ence period. Such markers would likely be less
discriminable from markers established during adjacent
periods than would the stronger markers established
during an immediately past reference period. Given any

such process or mechanism, one would expect, for reasons
similar to those discussed in experiment 2, that the perform-
ance of subjects who report about 2-week reference
periods would deteriorate as the lengths of their retention
intervals increase. One would further expect that among
subjects who report about 4-week reference periods, the
performance of those tested immediately would be best,
and the performance of those tested after longer retention
intervals would be worse but roughly constant over those
retention intervals.

Method

Subjects– Of the participants in experiment 2, 128
served in this experiment.

Materials– For each subject, the frequency of occur-
rence of each item in the diary was counted. If several
diary entries could be construed as referring to the same
food item or to closely related food items, they were
combined into a single category and their counted fre-
quencies were summed (for example, two occurrences of
“blueberry pie” and one occurrence of “apple pie” would
have been counted as three occurrences of “pie”). The
frequency questionnaire for each subject was constructed
to include items with a broad range of frequencies of
recorded occurrences. The recorded items were sorted by
frequency and up to 25 items were selected, subject to the
constraints that the 5 most frequent items be tested and
that approximately equal numbers of items be sampled
from each of four quartiles of the remainder of the
distribution. The selected items were randomized, and a
questionnaire with those items was given to the subject.

Design and procedure- The design paralleled that of
experiment 2. Subjects had been assigned to keep a food
diary for 2 weeks or 4 weeks, and returned for memory
tests at the end of the diarykeeping period or 2, 4, or 6
weeks later. After they had completed the dieta~
reporting task described in experiment 2, subjects were
asked to indicate how many times during the diarykeeping
period they had eaten each of the items that appeared on
their questionnaires.

Results and discussion

Because the set of food items differed for each sub-
ject, only within-subjects analyses were conducted on
these data. The question addressed by this experiment was
whether, as retention interval was lengthened, there was
deterioration in the ability of subjects to discriminate, in
their frequency estimates, among items that occurred with
different frequencies.

Index of peijormance– Subjects in the 4-week refer-
ence period ate their most frequently eaten items substan-
tially more often than did those in the 2-week reference
period condition. In an attempt to equate the variances of
recorded and reported frequencies over the experimental
conditions, both sets of counts were transformed logarith-
mically, and the use of the slopes of regressions of trans-
formed estimates on transformed recorded frequencies
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was considered as a measure of memory, Even after
applying the logarithmic transformation, significant diffm-
ences remained among the experimental conditions in the
variances of both estimates and counts of recorded occur-
rences. However, the ratio of the standard deviations of
these counts depended neither on the reference period
length nor on the retention interval: The slope found by
regressing Iog(estimates) on Iog(recorded occurrences)
normalized by the ratio of the standard deviations of these
variables is the Pearson correlation. The comparison of
performance in different conditions was carried out on
z-transformed correlations,

Effects of retention interval and reference period
length –Table K shows the mean correlation, over sub-
jects, for each of the conditions defined by reference
period length and retention interval. The means are all
positive and reasonably high, indicating that the relation-
ships between the logarithms of the estimates and the
counts of recorded occurrences are reasonably linear. As
predicted, for subjects who reported about frequencies of
intake during a 2-week period, the correlation decreased
as the length of the retention interval increased. For
subjects who reported about 4-week periods, however, the
correlation was highest for those who reported immedi-
ately after the end of the reference period and was lower,
but roughly constant, for subjects who reported after
longer retention intervals, A contrast m-ithe eight means
that tested this pattern was significant (F(1,120) = 28.16,
p c 0.0001); the residuaI was not significant (F(1,120) =
1.04,J? > 0,25),

This pattern is consistent with the results of experi-
ment 2, Consider first the performance of subjects whose
reference period was 4 weeks. When the test was admin-
istered immediately after the end of the reference period,
available memories about the specific dietary experiences
of the reference period evidently enhanced the accuracy
of frequency estimates, but when the test was delayed,
performance did not depend on the length of the reten-
tion interval, Dietary intake may be sufficiently similar
from one 4-week period to another that estimates for any
4-week period, based on general kn~wledge of one’s own
diet, are reasonably accurate, Performance of subjects
whose reference period was 2 weeks decreased systemati-
cally as the retention interval was lengthened. Such
periods are sufficiently short that specific experiences of

Table K. Correlations of Iog(frequenoy estimates) with
Iog(number of recorded occurrences) for subjects in experiment
4, by reference period length and retention interval

Reference period length

Retent/on /nterva/ 2 weeks 4 weeks Mean

Oweek . . . . . . . . . . . . . . . 0.86 0.84 0.65
2weeks, . ., . .,,..,... 0.79 0.78 0.77
4weeks, . . . . . . . . . . . . . 0.70 0.77 0.74
6weeks .,.........,.. 0.68 0.77 0.73
Mean. . . . . . . . . . . . . . . . 0.75 0.78 0.77

NOTE Number of subJectsper condillon was as follows (from left to right and top to bottom):
11,9, 17, 17, 19, 17, la, snd 20,

the target 2-week period must be retrieved for responses
to be reasonably accurate.

Among subjects who were tested immediately after
the ends of their reference periods, the mean correlation
of subjects who reported about 2-week periods was higher
than that of subjects who reported about 4-week periods.
Available specific information certainly contributes to
accuracy. However, after that information is lost, generic
memory appears to be more effective for estimating fre-
quencies for relatively longer, hence more representative,
periods than arbitrary shorter ones.

Experiment 5: Effects of recall
using closed-ended diaries

Experiment 4 showed that people’s food frequency
estimates depend, in interpretable ways, on the lengths of
the reference period and the retention interval. Consistent
with previous experimental research on memory for fre-
quency, the accuracy of food frequency estimates deterio-
rated as the length of the retention interval increased, and
the decline was more pronounced for judgments about a
2-week period than for judgments about a 4-week period
(13,26),

Experiment 4 might be criticized on several method-
ological grounds. First, the standard against which each
subject’s frequency estimates were scored was compiled by
an experimenter with whom the subject might have dis-
agreed about the classification of recorded items. Discrep-
ancies between the subject’s estimates and the counts
from the diaries may have been due, at least in part, to
such disagreements. Second, all of the subjects in experi-
ment 4 completed the frequency questionnaires after
attempting to recall their dietary intake for their reference
period (see experiment 2), Engaging in the recall proce-
dure may have influenced the frequency judgments sys-
tematically. Third, correlation coefficients are not the
most desirable index of memory for frequency. A prefer-
able measure of relative frequency is the slope of the line
estimated by regressing estimates on counts of recorded
occurrences. The unequal variances over conditions in
recorded occurrences and estimates precluded the anal-
ysis of slopes in experiment 4. Fourth, because each
subject in experiment 4 estimated the frequency of a
unique set of items, the data could not be subjected to a
between-subjects analysis for individual items.

Experiment 5 addressed all of these problems. All
subjects kept a checklist diary about a closed set of dietary
items for 1 month and then returned for a frequency test.
Because the items on the diary form and the items on the
questionnaire were the same, the compilation of the
standard against which estimates were scored did not
depend on the intervening judgment of another person.
To assess whether a prior recall experience influences
frequency estimates, half of the subjects engaged in the
recall procedure prior to making frequency judgments.
Because all subjects kept diaries for the same amount of
time, the variances of the record counts and the estimates
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were approximately equal for the subjects in different
conditions, so slopes could be analyzed. In addition,
because judgments were about a closed set of items, a
between-subjects analysis of the estimates could be
conducted.

Method

Subjects – Thirty-one subjects participated. They were
recruited through newspaper and television advertise-
ments without regard to their demographic characteristics.

Design and procedure- Each subject was given a
supply of postcards, on each of which a list of 58 food
items or groups of items had been printed. Subjects were
asked to use a new postcard each day to record each
occasion on which they ate any of the food items on the
list. Each day, the previous day’s postcard was to be
mailed back to the investigators.

Each subject was scheduled to return to the labora-
tory for a followup interview 29 days after the original
visit. Prior to the second laborato~ session, half of the
subjects were assigned randomly to the recall condition.
When these subjects arrived for their followup sessions,
they were asked to report each item that they had eaten or
drunk during the preceding 4 weeks. All subjects com-
pleted a questionnaire that asked them to indicate how
often during the diarykeeping period they had eaten each
of the items listed on the postcards. The 58 items or
groups of items appeared in a different random order on
each questionnaire.

Results and discussion

Effect of recall– For each subject, estimated food
frequencies were regressed on the sum of recorded occur-
rences for each item, and the slope was obtained. Because
all subjects had kept diaries for the same period of time,
no transformation was applied to the counts, Whether
subjects attempted to recall their intake during the diary-
keeping period prior to making the frequency judgments
did not affect the frequency estimates. The mean slopes of
the regression lines for the recall and no-recall conditions
were 1.01 and 0.90, respectively these did not differ
significantly (t(29) = 1.22, p > 0.25).

WWzin-wbjects mudysis– On average, the relationship
between estimated and recorded frequencies was fit well
by a linear function, and estimates increased as a function
of recorded occurrences by about one occasion per
recorded occasion. Over all subjects, the mean slope of
the regression functions was 0.96 and the mean correla-
tion was 0.86, which is quite similar to the value observed
in experiment 4. These data suggest that relative fre-
quency estimation is excellent.

Reasonably accurate estimates of frequency at
extremes of recorded frequency might have inflated these
estimates. Subjects tended to indicate correctly the items
that they had not eaten at all during the reference period;
this, together with high estimates for a few frequently
consumed items, could improve measured performance,
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Therefore, additional regression analyses were conducted
in which the range of recorded frequencies that was
analyzed was iteratively narrowed. When attention was
restricted to items with recorded frequencies of 1 through
10, the mean correlation was 0.62 and the mean slope was
1.01. Although the average fit of these functions was worse
than was the fit over the entire set of data for each subject,
the slopes remained stable at around 1. This suggests that
the frequency estimates of individual subjects are reason-
ably accurate, Individuals give larger estimates for the
items that they have eaten more often than they do for
items that they have eaten less often, and their estimates
reflect a sensitivity to the range of frequencies with which
they ate those items.

Between-subjects anaZysis– Epidemiologists tend to be
more concerned with whether the estimates of people who
ate a particular item with different frequencies reflect, at
least ordinally, those different frequencies. For example, if
one individual eats potatoes more frequently than does a
second, will the former’s frequency estimate be greater
than that of the latter? If frequency judgments were
perfectly accurate, then, of course, both within-subjects
analyses (over items), reported in the last section, and
betsveen-subjects analyses (for each item), reported in this
section, would yield the same results.3

For each item, the estimates of the 31 subjects were
regressed on their counts. Over items, the average corre-
lation was 0.43 and the average slope of the regression
functions was 0.56. These between-subjects analyses
present a bleaker view of performance than do the within-
subjects analyses. The discrepancy between the within-
subjects analysis and the between-subjects analysis
indicates that although the judgments of individuals tend
to be internally consistent, people are not sufficiently
calibrated with each other for their frequency estimates to
adequately serve the purposes for which epidemiologists
collect them. The development of techniques to stand-
ardize respondents with each other could improve this
state of affairs.

Experiment 6: Question-induced
biasing of frequency judgments

Experiments 4 and 5 indicate that respondents can
provide orderly numerical estimates of food frequency.
These experiments also demonstrate that such judgments
are sufficiently inaccurate that they may not be adequate
for their intended purposes. Experiment 4 showed that the
quality of estimates for a specified period deteriorates
over time. The results were generally consistent with the
informal model proposed in the introduction, but they
revealed little else about the processes that subserve
frequency judgments.

31fa subject were perfectly accurate in this task, regression of estimated
frequencies on actual frequencies would yield a correlation of 1, a slope
of 1, and an estimated-frequency intercept of O.



If dietary experiences are represented in a memory
network such that the different episodes of eating any
food item are interconnected, then a search of that net-
work for representations of instances of eating an item
should lead to the retrieval of relevant instances. A careful
search of the memory representation for instances of
eating a food should result in higher frequency estimates
than judgments made without having engaged in such a
search. If subjects fail to engage in a thorough search,
perhaps by engaging in some mental activity that competes
with a search, frequency estimates should be lower than
when such a search is completed.

In experiment 6, each subject was asked to estimate
how many times he or she had eaten just one food item
during a specified reference period, Prior to answering the
frequency question, some subjects were instructed to
engage in mental activity that was hypothesized to pro-
mote or prevent a search of memory for instances relevant
to the frequency question.

Method

Subjects- Responses were collected from 417 intro-
ductory psychology students who received course credit
for participating in a session in which they completed a
variety of research instruments for several investigators,

Desi~ and procedure – Six frequency questions were
generated by crossing three different food items with two
reference periods (see table L). Each subject answered
one such question. Certain subjects were instructed to
engage in a specific mental activity prior to answering the
frequency question. One-third of the subjects were asked
to think and make notes about all the occasions on which
they ate their target food item; another third of the
subjects were asked to think and make notes about the
most recent occasion on which they ate the target food.
The all-occasions instruction was intended to promote
retrieval from memory of instances relevant to the fre-
quency question; the recent-occasion instruction was
expected to prevent such retrieval by exaggerating the
cognitive salience of that occasion. The remaining third of
the subjects were given no special instructions.

Results and discussion

Because the three food items were eaten with vastly
different frequencies and because people reported having
eaten the foods with different frequencies during the two

Table L. Geometric means of frequency estimates by subjects in
experiment 6, by cognitive context, food item, and reference
period iength

Cognitive context
Food item and

reference period Control Recent occasion All occasions

Apples Number

l month . . . . . . . . . . . . . . 5.5 4.8 8.0
I year . . . . . . . . . . . . . . . 33.9 27.5 28.8

Chicken

I month . . . . . . . . . . . . . . 14.8 8.1 14.5
I year . . . . . . . . . . . . . . . 70.8 57.5 61.7

Pizza

I month . . . . . . . . . . . . . . 9.8 7.1 11.7
I year . . . . . . . . . . . . . . . 61.7 52.5 67.6

NOTE: Number of observations per condition was as follows (reading from left to right and top
to bottom): 24, 19, 15; 21, 20, 21; 22, 22, 23; 21, 19, 19:23, 23, 20; and 22, 23, 24.

reference periods, subjects’ responses were logarithmically
transformed. The geometric mean responses for three
food items in the two reference periods are shown in
table L.

For each food item for both reference periods, the
mean frequency estimate by subjects who had been given
all-occasions instructions exceeded that of subjects who
had been given recent-occasion instructions. The means
for these instructional conditions were 22,1 and 15.4,
respectively; these differed significantly, F(1,401) = 3.80,
J1 <0.052.

These results show that frequency estimates are sen-
sitive to the cognitive activity in which individuals engage
prior to making the estimate. Moreover, they support the
notion that memories of the various episodes of eating a
particular food item are linked sufficiently that, with
retrieval effort, episodes that are not immediately acces-
sible can be retrieved, In this study, responses were not
validated against any sort of external record, so the
accuracy of the responses is indeterminate. If additional
research were to show that subjects in the all-occasions
condition responded more accurately than did those in the
recent-occasion condition, it would suggest that such a
manipulation of cognitive activity could be used to
improve the accuracy of survey responses. (For a fuller
discussion of this experiment, including more detailed
analyses of subsets of the data, see Smith, Jobe, and
Mingay (36).)

19



Portion size estimates

To quantify the dietary intake of individuals, the third
type of information about dietary intake that is
required —after the identity of the foods that are eaten
and the frequency with which they are eaten —is portion
size.

Both food frequency questionnaires and dietary recall
procedures sometimes involve asking respondents for
information about their typical portion sizes. Obviously,
an individual’s amount of intake depends on both fre-
quency and portion size: A person who eats % cup of
spinach daily eats the same amount of spinach as a person
who eats 1 cup every other day. If these individuals
reported accurately the frequency with which they eat
spinach, an analysis that took only frequency information
into account would characterize the former individual as
eating twice as much spinach as the latter. If people can
report portion size information accurately, estimates of
intake will clearly be improved.

Two methods are used to collect most data about
portion sizes. Commonly, when dietary data are collected
during an interview by a nutritionist, respondents are
asked to indicate which of a set of food models most
closely resembles their portion of each item. On food
frequency questionnaires, or when data collection time is
scarce, respondents are asked to describe their typical
portion of each food item as “large,” “medium,” or
“small,” given some quantitative definition of “medium.”
For example, a respondent might be asked whether his or
her typical serving of coffee is “large,” “medium,” or
“small,” given that “medium” is a 6-ounce cup. Respond-
ents are clearly expected to know what quantities are
signified by these definitions, It is not unusual for food
frequency questionnaires to provide different standards
for seemingly similar foods. For example, on the Cancer
Supplement Questionnaire to the 1987 National Health
Interview Survey (37), a medium serving of beans was
defined as V2 cup, whereas a medium serving of carrots
was defined as 3/4 cup. The experiments in this section
were designed to investigate what people know about
portion size and some of the determinants of the state-
ments that they make about portion sizes.

The two experiments described in this section investi-
gated different aspects of portion size reports, The first
(experiment 7) was concerned with the types of memories
that are presumably required to accurately report portion
sizes using food models: Subjects were asked to provide a

numerical description of displayed food portions either
relative to portions that had just been presented or rela-
tive to portions that had been presented sometime earlier.
The dependent measure of interest was the variability of
the ratios of the responses to the displayed and reference
portions, The second (experiment 8) investigated the
meaningfulness to respondents of the definitions of por-
tion sizes that are presented on food frequency question-
naires. A medium portion was defined differently for
different subjects, and distributions of portion size
responses were analyzed to assess whether subjects were
sensitive to this manipulation.

Experiment 7: Estimation of sizes
of food portions

Subjects in this experiment were shown photographed
portions of 11 different food items and were to assign
numbers to describe the sizes of the portions. Each
displayed serving was to be judged relative to the previ-
ously displayed portion of that food. Subjects were
instructed to respond so that the ratio of the responses to
successive exemplars of each food item would equal the
ratio of the two portion sizes. For example, if a displayed
serving of scrambled eggs appeared twice as large as the
previously seen serving of scrambled eggs, the numerical
response was to be twice as large.

Two experimental conditions differed in the location
of the reference stimulus (the previously displayed serving
of the food item displayed on a particular trial) in the
stimulus sequence, In the blocked condition, sequences of
slides of a single type of food item were presented, so that
each judgment of subjects in the blocked condition was to
be relative to the stimulus and response of the preceding
trial. In the mixed condition, the same slides were pre-
sented, but the slides of the different types of food items
were intermixed. Therefore, each judgment of subjects in
the mixed condition was to be relative to a stimulus and
response on a trial that had occurred, on average, 11 trials
earlier,

Because subjects were instructed to respond ac-
cording to the ratio of the size of a displayed stimulus to
the size of a specific reference stimulus, the ratios of
responses to these two stimuli can be calculated, and their
consistency can be evaluated. If intervening trials interfere
with memory for size, the response ratios should be more
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variable for subjects in the mixed condition than for
subjects in the blocked condition, because only subjects in
the mixed condition experienced intervening trials
between the displayed and reference stimuli.

Method

Subjects– Twenty-two university undergraduates, par-
ticipating to partially fulfill a requirement of their intro-
ductory psychology course, sewed in the experiment.
Eight subjects were assigned to the blocked condition, and
the remaining 14 were assigned to the mixed condition.
Subjects participated in small groups; all subjects in any
group served in the same experimental condition.

Stimuli-The stimuli were color slides of servings of
food, Eleven different-sized samples of each of 11 dif-
ferent food items were used, for a total of 121 different
stimuli. For each food item, portion sizes increased in
equal arithmetic steps from the smallest to the largest, For
example, for orange juice, the smallest portion was
2 ounces, and the serving sizes increased in l-ounce steps
to the largest portion, which was 12 ounces. For each food
item, the median portion was designated as the standard
(SJ

Design– Each of the 121 stimuli was presented four
times, so each subject responded to 484 stimulus presen-
tations. In the stimulus sequence for the blocked condi-
tion, the 44 exemplars ‘of each food item were arranged
consecutively, so that each stimulus followed another
stimulus of its own type, The appropriate standard was
shown before the first trial of each food-item trial block.
The stimulus sequence for the mixed condition was con-
structed by interleaving the 11 item sequences for the
blocked condition, subject to the constraint that one
exemplar of each food item be included in each group of
11 slides, All 11 standards were shown prior to the first
block of trials,

In each condition, the 11 blocks of 44 slides were
treated as three sets of three blocks and one set of two
blocks, and these four units were presented in different
orders to different groups of subjects,

Procedure– The subjects in each experimental condi-
tion were told that they would view slides that showed
portions of various food items and that the portions would
vary in size, The subjects were instructed to respond, on
each trial, with a number that reflected the ratio of the
size of the stimulus to the size of the preceding stimulus of
the same item, The role of the standards was explained.
Subjects were told that their first judgments for each food
item should be relative to the standard portion for that
item and that the value 100 was to be assigned to the
standards.

Results and discussion

Data editingand aggregation– Each subject’s data were
edited to exclude highly deviant responses. First, the
standard deviations of the logarithms of responses were

calculated for each size level of each food item, and these
standard deviations were averaged. Then, at each size
level of each food item, if the most deviant response
differed from the mean of the remaining responses by
more than four average standard deviations, it was
removed from the data. Approximately 2 percent of the
responses were removed in this way. The mean numbers
of responses removed for subjects in the blocked and
mixed conditions (11.63 and 10.64, respectively) did not
differ significantly, t(20) c 1.

Judgments of portion size– Figure 1 shows, for each
stimulus-sequence condition, geometric mean responses
as a function of the size of the displayed portions
(expressed as log(S/SO)). The response functions from the
two experimental conditions are essentially superimposed.
In each condition, numerical responses increased linearly
and monotonically with the sizes of the displayed portions;
the linear component of the stimulus size effect was the
only significant effect in these data, F(1,20) = 1683,04,
p <0.0001,

Response ratios– To calculate the coefficient of varia-
tion of response ratios, the trials were first sorted by the
ratio of the size of the displayed stimulus to the size of the
reference stimulus for that trial. (In the blocked condition,
the reference stimulus was always the stimulus that had
been shown on the preceding trial; in the mixed condition,
the reference stimulus was the previously presented exem-
plar of the displayed food item.) For each trial, the
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Figure 1. Mean magnitude estimate, by size of displayed stimulus
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ratio of responses to the displayed and reference stimuli
was calculated. Then, foreach class of trials defined bya
ratio of stimulus sizes, the mean and standard deviation of
the response ratios were calculated; the ratio of the
standard deviation to the mean is the coefficient of varia-
tion of response ratios! For example, for every trial on
which the stimuIus was twice as large as that trial’s
reference stimulus, the ratio of the response on that trial
to the response to the reference stimulus was found. The
standard deviation of these ratios, divided by their mean,
is the coefficient of variation for this value of stimulus size
ratio.

Figure 2 shows the coefficient of variation of the
response ratios of the subjects in each stimulus-sequence
condition as a function of the difference in sizes between
the displayed and reference stimuli (expressed as
10g(S/S..f), where the subscript denotes the reference
stimulus). For example, zero on the abscissa indicates that
the sizes of the target and reference stimuli were the
same, positive values indicate that the displayed stimulus
was larger than the reference stimulus, and negative
values indicate that the displayed stimulus was smaller
than the reference stimulus. For each subject, trials for
different food items were pooled to calculate the coeffi-
cient of variation function, and these were averaged across
subjects in each condition,

For subjects in the blocked condition,, the shape of the
coefficient of variation function is a pronounced V, with a
minimum value for stimuli that were of the same size as
the reference stimulus. For subjects in the mixed condi-
tion, the minimum coefficient of variation of response
ratios was also at stimulus-size ratios of around 1, but the
dip is far less pronounced than for the blocked condition.
The difference between the conditions in the depth of the
V was confirmed by an analysis of variance that showed
that the interaction of sequential condition (blocked
versus mixed) and a quadratic contrast on log stimulus
ratios was significant, F(1,20) = 5.10, p C 0.05.

When the size difference between the displayed stim-
ulus and the reference stimulus was small, the variability
of the response ratios of subjects who had to remember

4The coefficient of variation is a normalized measure of variability, the

standard deviation divided by the mean, that is studied when the
variability of a measure is proportional to its mean. Consider, for
example, the weights, in kilograms, of elephants and cats: The standard
deviation of the weights of a sample of elephants will be larger than that
for a sample of cats simply because the weight of an average elephant is
thousands of kilograms, whereas the weight of the average cat is around
5 kilograms. The weights of elephants can deviate from their mean much
more than the weights of cats can deviate from theirs. For the response
ratios described in the main text, when a large stimulus is judged relative
to a small one, the ratio will be large, and the variability of several
replications of this judgment will be large because, in absolute values,
there is greater potential for variation than when values are small. When
a small stimulus is judged relative to a large one, the ratios are small and
their variability is small. The coefficient of variation makes the variabil-
ities of these ratios comparable.

U- Blocked
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Scaled size difference of displayed and reference stimuli

NOTE: The coefficient of varlstlon of the ratio of responsas to the d!splayad and
refereflUI 5tlIWll Is shown as a function of the logarithm of the fatro d fjI@ SIZ=S
e( the displayed and reference stimuli. Dafa are averages across feed items and
&xoss subJects In the blocked and mixed conditions.

Figure 2. Coefficient of variation of response ratios, by scaled
size difference of displayed and reference stimuli

back only one trial was considerably less than was the
variability of the response ratios of subjects who had to
remember back further. When the size difference of
successive exemplars of a particular food was large, the
normalized variability of response ratios did not depend
on whether the reference stimulus for the trial had just
been presented or had been presented some number of
trials earlier, For extreme size ratios of target to reference
stimuli, subjects may be unable to use the ratio response
rule and may judge the size of the target stimulus abso-
lutely (38,39).

Although estimates of size averaged over many obser-
vations did not depend on the sequential arrangement of
the judged stimuli (see figure 1), memory-dependent rel-
ative judgments of size are least variable when the refer-
ence stimulus has just been presented and is of
approximately the correct size. This suggests that the best
estimates of size, using food models, would be obtained
immediately after the judged food portion has been
viewed, and this does not occur in practice. Most inter-
views take place hours or days after the portions about
which the respondents report have been viewed. The
results of this experiment suggest that food-model-based
portion size estimates for individuals are likely to be
inaccurate, although averages of estimates for groups of
individuals may be quite reasonable.
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Experiment 8: Comprehension and
utilization of defined portion sizes

Many dieta~ questionnaires ask respondents to quan-
tify their typical portion sizes for various foods by indi-
cating whether their portions are “small,” “medium,” or
“large,” with “medium” given a particular quantitative
definition, For example, respondents might be asked
about their typical portions of coffee, with “medium”
defined as 6 ounces, or about their typical portions of
spinach, with “medium” defined as V2 cup, This method of
portion size assessment tends to be used on self-
completed questionnaires and on fast-paced general
health questionnaires that might be administered as part
of a household survey.

To respond accurately to such questions, a respondent
must have precise internal representations of the sizes of
his or her typical portions (which, of course, might be
quite variable) and of the quantity that is defined as
“medium.” A respondent who has specific quantitative
knowledge of his or her portion sizes may respond accu-
rately to such questions, Lacking such knowledge, or
kicking knowledge of the sizes of standard portions, this
task might be quite difficult, Nevertheless, respondents
will likely respond to such questions anyway.

This experiment explored the ability of people to
provide meaningful reports about portion sizes with this
assessment method. The specific question addressed was
whether people are sensitive to the defined portion sizes.
Subjects were asked to indicate whether their typical
portion sizes for selected foods were “small,” “medium,”
or “large,” Over subjects, the quantitative definition of the
response “medium” was varied. For some subjects,
“medium” was defined as a relatively small portion; for
others, as a relatively large portion; and for the remainder,
as an intermediate-sized portion. If subjects have stable
knowledge of their portion sizes and stable representa-
tions of the quantities in terms of which “medium” is
defined, then the distribution of responses over the three
alternatives should depend systematically on the defini-
tions. Subjects for whom “medium” was defined as rela-
tively small should tend to respond “large” more often
than subjects who received larger definitions of medium;
subjects for whom “medium” was defined as relatively
large should tend to
subjects who received

Method

respond “small” more often than
smaller definitions of medium.

Each of 414 introductory psychology students com-
pleted a food frequency and portion size questionnaire;
each subject responded to four items sampled from among
eight used in the experiment. For each food item, medium
was defined, over questionnaires, by three different quan-
tities; for every item, the largest definition of medium was
at least twice that of the smallest. Table M lists the food
items and shows the ratio of the largest to the smallest
definition of medium for each item.

For each of four questions, the subject was asked to
make a frequency judgment and to indicate whether his or
her typical portion was “small,” “medium,” or “large.”
The quantitative definition of “medium” appeared in
parentheses adjacent to that alternative. Among the four
items presented to each subject was at least one with a low
definition of “medium,” one with an intermediate defini-
tion of “medium,” and one with a high definition of
“medium.” Over 200 responses were collected for each
food item, with approximately 70 subjects receiving each
definition of “medium.”

Results and discussion

Table M shows the distribution of responses over the
three response alternatives for each food item. To eval-
uate whether there was an orderly shift over the defini-
tions of “medium” in the distributions of responses, ridit
analysis was used (40). This technique permits comparison
among different samples of distributions of an ordered set
of responses, In this application, each sample consisted of
the subjects who read a particular definition of “medium”
for a given item. For each condition of each food item, a
mean ridit was calculated to summarize the distribution of
responses in a single condition relative to the distribution
of responses pooled over conditions, The condition mean
ridit is an estimate of the probability that a random
response from that condition is larger than a response
sampled at random from the distribution of responses

Table M. Response distributions of reported portion size in
experiment 8, by food item and definition of medium

Number of responses
Definition Mean

Food (large: small) of medium Small Medium Large ridit 2

Sliced cheese . . .
(2:1)

Cream cheese . . .
(4:1)

French fries. . . . .
(2:1)

Fruit juice. . . . . .
(2:1)

Green salad . . . .
(2:1)

Ice cream . . . . . .
(2:1)

Pasta . . . . . . . . .
(2:1)

Salty snacks . . .
(4:1)

Low
Middle

High

Low
Middle

High

Low
Middle

High

Low
Middle

High

Low
Middle

High

Low
Middle

High

Low
Middle

High

Low
Middle

High

24
23
35

20
24
18

13
8

18

5

1:

10
7
8

18
10
19

9
7
7

6

9
15

35
36
26

35
28
28

37
47
38

28
39
42

39
41
40

31
42
41

33
40
45

39

37
31

13
2

16

20
23

6

15
16
12

33
23

20

20
24
21

17
19

8

27

24

18

27

23
17

0.5333 2.01
0.4694
0.4933

0.5236 3.32
0.5171
0.4416

0.5046 3.46
0.5369
0.4571

0.5690 110.56
0.5131
0.4289

0.4824 0.69
0.5180
0.4988

0.4995 18.47

0.5551
0.4429

0.5209 1.40

0.5079
0.4714

0.5413 24.89
0.5077
0.4444

I p < 0.05.

20.05< fJ<0.10.
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pooled across conditions. Table M shows the condition
mean ridits for each food item.

If people are sensitive to the presented definitions of
portion sizes, then, assuming the average portion sizes of
the subjects assigned to each condition are equal, as the
definition of “medium” is increased, more “small”
responses should be observed and condition mean ridits
should decrease, Table M shows that for only four of the
items (cream cheese, fruit juice, pasta, and salty snacks)
did condition mean ridits decrease in this fashion, and for
only juice were the differences among the condition mean
ridits significant. Although the condition mean ridits for
ice cream differed overall, pairwise comparisons showed
that the mean ridits of the low- and high-definition condi-
tions did not differ significantly.

These results suggest that, in general, either people
lack stable representations of the quantities of food that
they eat, or the defined portion sizes are not meaningful
to them, or both. For half of the items used in this
experiment, response distributions over the conditions did
not conform to the normatively expected pattern –that as
the defined size of a medium portion is increased, the
distribution of responses shifts toward “small.” For the
other four items, condition mean ridits decreased as the
defined size of medium increased, but for three of these,
the shift in the response distributions was insufficient to
yield a statistically significant result. Inspection of

table M shows that this is due, at least in part, to a strong
tendency for these subjects to respond “medium,” regard-
less of the quantitative definition ascribed to “medium.”

The one food item for which condition mean ridits
decreased systematically and significantly was fruit juice.
Ounces, particularly in the numbers used–4, 6, and
8–may correspond to natural cognitive units of juice.
People often drink containers of juice whose size, in
ounces, they know. In contrast, people do not typically eat
green salad from containers whose size, in cups, they know
(although this may change if the 1990’sbecome the age of
the fast-food salad).

Response alternatives on surveys in general and on
dietary surveys in particular must give respondents an
appropriate means to communicate their knowledge about
whatever the data collector wants to know. This will likely
be best achieved if the format of response alternatives
corresponds to that of the respondents’ knowledge.
Dietary surveys ask respondents to describe food fre-
quency and portion sizes rather than to describe average
daily intake of specific micrormtrients because it is
assumed, probably correctly, that most individuals have no
idea what their average daily intakes of those micronutri-
ents are. Respondents may not know what a cup of green
salad is, either. The meaningfulness of response options
must be evaluated before they are used to collect data
from respondents.
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Conclusions

Overview

Dietary data are collected from individuals in order to
identify and investigate relationships between nutritional
intake and health status. Nutritional epidemiologists are
aware that’ dietary reports contain some degree of
response error, but, nevertheless, they use data collected
with a variety of methods, including recall and frequency
procedures (2,1 1). Any response error in survey data
reduces the power of analyses of those data, Such loss of
power may result in the failure to detect relationships that
are present in the studied population or necessitate incur-
ring additional expenses to collect data on larger sample
sizes (41),

The research program described in this report was
motivated by the supposition that an understanding of
the mental representations and processes that underlie
dietary reporting can improve the design of dietary survey
methods. Such knowledge could inform the development
of methods to obtain better data than can be collected
with current methods and could improve the under-
standing of the data collected with current methods.
Toward this end, several aspects of dietary reporting
performance were studied under conditions that were
manipulated to reveal the functioning of the mental rep-
resentations and processes assumed to be responsible for
those reports.

Three types of information are essential to quantifying
dietary intake – what people eat, how often they eat what
they eat, and the quantities in which they eat what they
eat, Each of these aspects of dieta~ intake maybe studied
somewhat independently. The experiments described in
this report examined dietary recall performance, food
frequency estimation, and judgments of portion size.

Experiments 1–3 examined dietary recall under var-
ious acquisition, retention, and retrieval conditions. Dif-
fcrtmces in reporting performance among experimental
conditions were used to make inferences about the memo-
rial representation of dietary information. Unconstrained
reports of dietary intake for reference periods of 1 week to
1 month deviated markedly from records of intake that
were maintained during those periods: Experimental sub-
jects both failed to report items that they recorded, and
reported substantial numbers of items that they did not
record, As the amount of time between the end of the
reference period and the recall test was increased,

reporting accuracy decreased, with performance ap-
pearing to level off after a retention interval of 4 weeks,

Taken together, the results of experiments 1–3
encourage the notion that reports of dietary intake are, to
a considerable extent, reports of generic knowledge of diet
rather than reports of memories of specific experiences
(28). Generic knowledge of diet is hypothesized to be
organized information about the routine elements of an
individual’s diet. Recall of dietary intake for extended
periods appears to be a task that people carry out quite
inefficiently. It is possible that, with appropriate cues, the
accuracy of dietary recall might be improved, although this
would be at a considerable cost in time. On the other
hand, the information provided by subjects, although inac-
curate relative to the intake recorded for a specific period,
may characterize what respondents typically eat.

Experiments 4-6 addressed the determinants of accu-
racy of people’s reports about the frequency with which
they eat various foods. In general, subjects provided rea-
sonable estimates of the relative frequency with which
they ate various foods. The judgments of any subject were
such that estimates for more frequently eaten items were
higher than estimates for less frequently eaten items. In
fact, the data of experiment 5 showed that, on average,
estimates increased by about one occurrence per recorded
occurrence, indicating that subjects were highly sensitive
to variations in experienced frequency. However, of pri-
mary interest in epidemiological research are between-
subjects analyses of frequency estimates —that is, analyses
of whether the responses of different individuals who eat
some food with different frequencies are at least ordinally
consistent with the true frequencies. Despite the excellent
within-subjects frequency estimates observed in experi-
ment 5, there is sufficient variability over people in the
accuracy of responses that analyses of frequency judg-
ments for items over subjects were less indicative of
accurate judgments. Nevertheless, the within-subjects con-
sistency of the judgments encourages the idea that, if
respondents could be calibrated to a common standard,
between-subjects consistency might be improved,

Several other qualifications concerning frequency esti-
mates must be made. Experiment 4 showed that the
accuracy of frequency judgments deteriorates over time
and that relative judgments for longer, presumably more
representative, periods of time are more stable than are
those for shorter periods of time. Experiment 6 showed
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that frequency judgments were sensitive to such external Frequency questionnaires
manipulations as instructions to engage in mental activity
that would either promote or preclude the retrieval of
information relevant to a frequency judgment.

The results of the experiments on portion size judg-
ments suggest that people do not have high-resolution
long-term memories for size information, nor do they code
in memory the sizes in standard units of their typical
portions of various foods. In experiment 7, in which
subjects were asked to respond numerically to the sizes of
displayed portions, the relative variability of response
ratios was low only when the reference stimulus for the
judgment had just been presented and was close in size to
the target stimulus. In the absence of these two condi-
tions, as would typicallybe the case in nutritional surveys,
the relative variabili~ of response ratios was high, In
experiment 8, for only one of eight studied food items
were response distributions sensitive to changes in the
quantitative definition of a standard portion.

Implications

What do these results imply for the collection of
dietary survey data for epidemiological purposes? This
penultimate section is organized around several of the
techniques used in nutritional epidemiology for the collec-
tion of such data.

Dietary recall

The results of experiments 1 and 2 suggest that the
reports collected in dietary recall procedures for extended
reference periods do not accurately characterize dietary
intake during those periods. Many items are omitted, and
many of the reported items are intrusions. The results of
experiment 1 suggest that the data collected using 24-hour
recall procedures may be reasonably accurate reports
about intake on the preceding day, but, of course, one
day’s intake is unlikely to be representative of the diet of
an individual. (Because the procedure used in experiment
1 did not permit the calculation of a daily intrusion rate,
only this weak statement about the accuracy of data
collected using 24-hour recall can be made.)

The results of experiments 1 and 2 suggest that taking
diet histories– reports about the routine elements of an
individual’s diet —may be a reasonable way to collect
information. If what is needed for research purposes is a
set of items that are typical of the individual’s diet rather
than a specific list of items eaten during a specific period
of time, the diet history maybe adequate to collect such a
list. In such a case, the respondent would be instructed to
report the contents of his or her generic dietary knowl-
edge, rather than to attempt to search memory for specific
dietary memories. People may be quite able to report what
they typically eat, even if they cannot report exactly what
they ate during some specific period of time.

Food frequency questionnaires are used to collect
information of two types —frequency information and
categorical portion size information. The results of exper-
iments 4 and 5 show that people report relative frequency
information with reasonable accuracy, although the accu-
racy of their estimates —especially for short reference
periods–declines as the amount of time since the end of
the reference period increases. Unfortunately, the within-
subjects consistency in frequency estimates observed in
experiment 5 does not carry over to the analyses of items
(over subjects) that are used commonly in epidemiology.
This discrepancy is probably due to intersubject discrep-
ancies in calibration for frequency judgments. It would be
desirable to develop ways to align the frequency estimates
of different respondents to food frequency questionnaires.

The results of experiment 6 showed that people’s
frequency estimates may be influenced by the thoughts in
which they engage prior to making those estimates.
Although it would be unusual for a respondent to a food
frequency questionnaire to be asked to think about the
most recent time that he or she had eaten an item prior to
judging the frequency with which he or she eats that item,
the results of experiment 6 raise the general concern that
responses to food frequency questionnaires might be influ-
enced by the sequential arrangement of questions. For
example, a question about one food might lead subjects,
on a subsequent question about some other food, to
consider only a restricted range of occasions on which that
food is eaten. This problem, if it is a problem, could be
circumvented by randomizing questions over forms of the
questionnaire.

The results of experiment 8 raise concerns about the
categorical portion size information collected on question-
naires, Subjects in experiment 8 displayed a general insen-
sitivity to variations in the defined sizes of food portions.
This indicates that portion size questions of the type used
in the 1987 National Health Interview Survey (37) maybe
meaningless to respondents.

Food models

In dietary interviews, food models are used to collect
portion size information. After naming a food item that he
or she has eaten, the respondent is asked to indicate which
of a set of models matches the size of the consumed
portion. The results of experiment 7 suggest that precise
memories for portion sizes do not survive exposure to
intervening items. Food models can likely be used to
collect only very crude portion size information.

Final comment

Perhaps the most surprising result of the experiments
on recall and frequency estimation was that, from a
psychological perspective, the results were not surprising.
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Despite the differences between the conditions under of these experiments on memory for dietary information
which individuals acquire information about their dietary are generally consistent with the results of relevant labo-
experiences and those under which subjects acquire infor- ratory research on memory, By virtue of this consistency,
mation in laborato~ experiments, and despite differences these results strengthen those principles.
in the nature of the to-be-remembered events, the results
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Appendix I
Indirect scoring of a
simulated memory
experiment

This appendix illustrates the argument that indirect
response ~ajidity assessment methods, which transform
both recorded and reported food items to mean daily
nutrient intakes, might lead to the false conclusion that
reports are highly accurate.

An analog to indirect assessment of response accu-
racy, in a psychological experiment on memory for words,
might involve decomposing both the to-be-remembered
and the reported words into their component letters and,
for each letter, calculating over subjects the correlation
between the counts of to-be-remembered and reported
letters. In this example, the 26 letters, the components of
words, are considered to be analogous to the nutrients
contained in foods. If memory performance were evalu-
ated with such a set of correlations, a subject’s erroneous
report of Mzkissippi for stresses would not affect the
correlation calculated for the s’s, but would affect the
correlations for the other letters. The erroneous report of
an anagram of a to-be-remembered word (for example,
clea/z for kmce) would not be reflected as an error. The
notion of nutritional anagrams, or near-anagrams, could
easily be developed.

To evaluate the conjecture that the correlations might
suggest good performance even in cases in which other
measures would suggest otherwise, a set of memory exper-
iments was simulated and scored as follows: Each simula-
tion assumed 40 subjects, to each of whom a unique
memory set of 50 items, sampled from a 596-item pool,
was presented. Simulated subjects reported a specified
number of responses from this pool, with specified match
and intrusion rates, The match rate is the reported pro-
portion of to-be-reported items; the intrusion rate is the
proportion of reported items that were not in the memory

set. (These measures are discussed in detail in appen-
dix II.) Memory and response sets were transformed to
counts of letters, and, for each of the 26 letters, counts
from the reports were regressed on counts from the
memory items and the correlation between the counts
over subjects was calculated.

Table I shows, for values of the three performance
parameters (number of items reported, match rate, and
intrusion rate), the mean of the slopes and the intercepts
of the 26 regression functions and how many of the 26
correlations were significant at the 5-percent level. The
top line shows the results for perfect performance; the
bottom line shows the results for subjects who report 25
items, all of which are intrusions. The key results are on
the intermediate lines, which show that many significant
correlations between the counts of components of the
memory and response sets may be observed even if
memory performance is quite poor. For example, the third
line of the table shows that when match rates are only 0.5
and intrusion rates are 0.5, 23 significant correlations were
observed,

Table L Results of indirect scoring of simulated memory
experiments

PJ(report) P(mtc) P(int) Slope Intercept Correlations

50 1.0 0.0 1.00 0.00 26
50 0.8 0.2 0.79 4.28 26
50 0.5 0.5 0.47 9.91 23
25 0.5 0.0 0.52 0.16 26
25 0,0 1.0 -0.09 11.32 0

NOTE P(mtc) Is match rata; p(int) is intrusion ratq “Correlations” lathe number of correlations
(out of 26) significant at the 5-percent level.
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Appendix II
Indexes of reporting
performance

This appendix clarifies the relation between the two
indexes of performance that are described in this report
and explains why they were chosen over certain possible
alternatives. This discussion is adapted from the appendix
of Smith et al. (28).

The indexes

For experiments 1 and 2, subjects recorded items in
diaries and, subsequently, were asked to report as many of
those items as they could. Subjects reported items that
had not been recorded as well as items that had been
recorded. After preliminary editing of both the diaries and
the report protocols, the reported items were divided into
two sets according to whether they matched items in the
diary, and the diary items were divided into two sets
according to whether they were matched by items in the
report,

Let D be the number of items in the diary, R be the
number of items in the report, and m be the number of
items that are matches between the diary and the report.
Also, for convenience, let the number of intrusions be i =
R – m, and let the number of omissions be o = D -m. The
two indexes of performance are defined as

p(match) = m/D (Al)
and

p(intrusions) = 1- (m/R). (A2)

Note that the first of these measures is a fraction of the
number of items recorded, and the second is a fraction of
the number of items reported. By definition, the relation-
ship between the two indexes is

p(match) = ~
1 -p(intrusions) D (A3)

Restrictions on values

In principle, the only restriction on the possible values
of p(intrusions) is that if p(match) is greater than O,
p(intrusions) must be less than 1, because there will be at
least one match. Otherwise, for anyp(match) greater than
O, p(intrusions) can range from O, if all of the reported
items are matches, to arbitrarily close to 1, if i (the
number of intrusions) is sufficiently close to R for i/R to be
large. Note particularly that for any D, p(match) does not
depend on i, the number of intrusions, (If p(match) is

equal to Oand R is greater than or equal to 1—that is, if at
least one item is reported – then p(intrusions) must be
equal to 1.)

By way of illustration, let the set of items reported by
an individual be labeled x(l), x(2), . . . x(R). If these are
arranged as if the individual reported first his or her
matches and then his or her intrusions, so that x(l), . . .
x(m) are the matches and x(m + 1), . . . x(R) are the
intrusions, then, because D is fixed, p(match) = m/D, and
this value would have been determined once the subject
had reported the mth item. Then, as the subject reported
his or her intrusions, items x(m + 1) through x(R), only
p(intrusions) would have changed, growing from O before
the subject reported the (m + l)st item to (R - m)/R when
he or she reported the Rth item. Although p(match) and
p(intrusions) are related, as described by equation A3, the
relationship is through both D and R.

Empirical relationship

P(match) and p(intrusions) are generally unrelated.
For example, over all of the subjects of experiment 2, the
correlation between these indexes was –0.16, which,
although statistically significant at p <0.05, is quite small.
The four extreme points in the p(match) xp(intrusions)
scatterplot were (0.167,0.125), (0.186,0.797), (0.673,0.132),
and (0.683,0.423), which shows that at the extreme levels
of p(match), the range of p(intrusions) was reasonably
large. In the data of experiment 2, the correlation of these
measures in the eight experimental conditions defined by
combinations of reference period length and retention
interval ranged from -0.37 to 0.48, with a mean of 0.02. In
only one condition was the correlation statistically
significant.

Choice of the indexes

These indexes are not ideal. It would be preferable to
have measures corresponding to the hit and false alarm
rates of signal detection theory that would permit the
calculation of analogs of the sensitivity and response bias
parameters of signal detection theory (42).

The counts that contribute to the calculation of these
indexes are summarized in table IL Examination of that
table clarifies why measures analogous to those of signal
detection theory cannot be computed. Although p(match)
corresponds to signal detection theory’s hit rate, to
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Table Il. Summary of counts required to calculate performance
indexes

/terns reported

items recorded Yes No Sum

Yes . . . . . . . . . . . . . . . . . m
No . . . . . . . . . . . . . . . . . (: (:

Sum . . . . . . . . . . . . . . . . ; (1) (1)

1Count Is neither known nor estimable.
NOTE m represents matches, tha count of reported items that match recorded itams; /

represent intrusions, the count of reporled items which were not recorded: o represents

omissions, the count of recorded items which were not raported; Rrepreeents the count of

reported Itemq D represents the count of recorded items.

calculate a false alarm rate requires that i be divided by
the sum of entries in the second row of the table, the value
of which is neither known nor estimable. False alarm rates
can be computed in recognition memory experiments
because test items either were or were not presented to
the subject during the acquisition phase of the experiment,
but in free recall situations, although the items presented
during the acquisition phase are known, there is no
reasonable way to define the number of items that were
neither recorded nor reported,

The weakness of the measures used in this report is
that a match between a reported item and a recorded item
cannot, by itself, be taken as evidence that the subject
deliberately retrieved and reported a target. In general, in
any situation in which an individual makes a choice
response, a correct response is not necessarily evidence
that the subject knew which response to make, and so
some sort of correction for guessing is frequently applied.
In other words, in such situations, the observed set of
correct responses is assumed to be a mixture of genuinely
correct responses and guesses that turned out to be
correct. Thus, the meaningfulness of p(match) as a mea-
sure of memory performance is not clear: p(match) is
surely an overestimate of the remembered fraction of the
target list, but the extent to which it is an overestimate is
not known.

Each of the indexes used in this report describes a
seemingly important aspect of performance. Gordon B.
Willis, in personal communication during June 1988, sug-
gested that p(match) could be considered a measure. of
sufficiency– the extent to which the reported items
achieve the goal of completely matching the recorded
items —and that p(intrusions) could be considered a
measure of inefficiency – the extent to which the report
protocol was cluttered with items that do not contribute
toward the goal of matching the recorded items, Clearly,
performance is considered superior and is presumed to be
based to a greater extent on retrieval from memory of the
target items when a report protocol is both highly suffi-
cient and efficient than when it is highly inefficient,
regardless of its sufficiency.

The question, then, is whether there is a reasonable
way to consolidate these aspects of performance into a
single measure. Graesser (31), following Hilgard (43),
suggested calculating a memory score defined as

Memory score =
p(match) –p(intrusions)

1 – p(intrusions)

Willis independently suggested that another

Memory score .Z?@_
m+o

(A4)

measure,

= [D p (match)] - [R p (intrusions)]

D
=(2. WZ)-R

(A5)

D
be used to characterize the memory performance of the
subjects in the experiments discussed in this report. Each
of these measures is rooted in the same underlying philos-
ophy— to offset the count of matches of reported items to
recorded items by subtracting information about the
number of items reported, which is assumed to reflect the
probability of matching by chance.

The problem with these measures, and the reason that
they are not used, is that they make very strong assump-
tions about how intrusions should offset nominally correct
responses. For example, the measure described in
equation A4 is one of a family of measures that can be
written as

Memory score =
p(match) -[k .p(intrusions)] (A6)

1- [k. p(intrusions)]

with k having some value between O and 1 that describes
how the intrusion rate is charged against the match rate in
order to produce a compromise score. In equation A4,
k = 1.In some situations (for example, choice response),
the appropriate value of k is obvious, and in others,
reasonable arguments can be made for a particular value
of k. For example, Graesser (31) reported experiments in
which two versions of stories were presented to different
groups of subjects, and intrusion rates were calculated by
counting as intrusions only items reported by one group
that had been presented to the other; items that were
reported but that had not been presented to the other
group were ignored. Thus, Graesser based his calculations
on a closed set of items; because he knew how many items
had not been presented, he could actually have calculated
signal detection measures rather than the memory score
that he reported. In contrast, the sets of items analyzed in
the free recall experiments described in this report were
open sets of items. In the absence of any knowledge about
how to charge intrusions against nominally correct reports,
that is, about how to speci~ a value fork in equation A6,
it seems preferable to present and interpret the two
measures separately. The measure defined in equation A4
was calculated for the data of experiment 2, and both the
pattern of that measure and inferences based upon it were
consistent with the reported interpretation of the two
indexes that were used,
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Appendix Ill
Detailed results of
experiment 2

This appendix presents, in more detail and with more
formality than the main text, the results of experiment 2.

Effect of retention interval and
reference period length

Table C shows the mean number of items recorded by
subjects in each of the experimental conditions defined by
retention interval and reference period length. Subjects
who kept diaries for 4 weeks recorded significantly more
different items than did those who kept diaries for 2
weeks, F(1,162) = 112.52, p c 0.0001. The length of the
retention interval did not affect the number of items
recorded, F(3,162) <1. Table C shows that the mean
number of different items recorded during a period of
fixed length was quite stable over the groups of subjects
assigned to each reference period length condition. There
was no interaction of reference period length and reten-
tion interval on the number of items reported,
F(3,162) c 1.

Table D shows the mean match and intrusion rates
for subjects in the eight experimental conditions defined
by retention interval and reference period length. Consist-
ent with the results of experiment 1, dietary reporting
performance declined as the length of the retention
interval increased, Consistent with other data on memory
decay, the change over time in the match and intrusion
rates was negatively accelerated, so all tests of the effect of
retention interval length used a contrast with a negatively
accelerated “shape” (for example, the weights applied to
the 4- and 6-week levels of retention interval were equal
and, in sum, opposite to that applied to the O-week level).

A multivariate analysis of variance (MANOVA) of
the match and intrusion rates showed that the contrast on
the levels of retention interval was significant, F(2,161) =
46,82, p < 0.0001; the residual was not significant. The
pattern of means of each of the performance indexes was
well described by this contrast: For match rate,
F(1,162) = 78,40, and for intrusion rate, F(1,162) =
15.19, p ‘c0.0001.

The MANOVA showed a significant main effect of
reference period length (F(2,161) = 4.28, p < 0.02) and a
significant interaction of the reference period length and
the contrast on retention intervals (F(2,161) = 4.00, p c
0.05). Univariate analyses showed these effects to be
attributable to variations in intrusion rates. Although the

average match rates of subjects assigned to the two
reference periods did not differ (F(l ,162) < 1), the intru-
sion rates of subjects who reported for a 2-week period
were significantly higher than were those of subjects who
reported for 4 weeks, (F(1,162) = 8.58, p c 0,01),and the
interaction of the reference period length and the contrast
on retention intervals was significant (F(1,162) = 4.50,
p c 0.05). Table D shows that the absolute mean intru-
sion rate of subjects who kept diaries for 2 weeks
increased steeply over retention intervals, whereas that of
subjects who kept diaries for 4 weeks was roughly
constant.

Effect of reporting instructions

Table E shows the number of items recorded and
reported by subjects who received each of the three sets of
instructions for each reference period length. Instructions
did not influence the number of items recorded,
F(2,146) <1. However, subjects who received food group
cues reported significantly more items than did those who
received reverse chronological or meal cues, F(1,146) =
10.97,p e O.000~ the mean numbers of items reported by
subjects in the latter two conditions were not statistically
different, F(1,146) < 1.

Table F shows the mean match and intrusion rates
for subjects in the three instructional conditions. A
MANOVA conducted on these measures showed an
overall performance difference between subjects who
received food group cues and those who received the two
other types of instructions (F(2,145) = 7.61, p c 0.001),
but showed no difference in the performance between the
meal and reverse chronological conditions (F(2,145) =
1.40, p > 0.25). Univariate analyses showed that the dif-
ferences among instruction conditions were due to differ-
ences in intrusion rates. Subjects who received food group
cues exhibited significantly higher intrusion rates than
subjects who received the two other types of cues,
F(1,145) = 15.05, p c 0,001. The intrusion rates of sub-
jects in the two other conditions did not differ signifi-
cantly, F(1,145) c 1. Match rates did not differ
significantly over the three conditions: For food group
versus the other two conditions, F(1,145) < 1; for meal
versus reverse chronological, F(1,145) = 2.30, p >0,1.
None of the interactions of instructions with other exper-
imental conditions was significant.
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