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Data from recall protocols can be used to examine a
wide range of psychological processes (e.g., organiza
tional processes, search speed) using both single and re
peated testing procedures. However, it is rare that the
data gatheredfrom studies using either single or repeated
testing procedures are fully exploited. Scoring Options
for Recall Tests (SORT) is a BASIC program created for
IBM-compatible computers designed tofacilitate the entry
and analysis of data gathered from studies using either
single or repeated testing procedures. The program pro
duces three main types ofmeasures: (1) measures ofclus
tering and organization in recall (e.g., Adjusted Ratio of
Clustering [ARC) score, Bidirectional IntertrialRepetition
[ITRJ), (2) descriptive measures (e.g., net recall, item
loss, and item recovery), and (3) temporal analysis (e.g.,
cumulative recall, and item recovery over time). SORTcal
culates the appropriate measures and saves the output as
a comma-delineated ASCII file for easy inspection and
analysis.

There are many situations in which researchers are in
terested in examining recall performance across either
single or multiple recall tests, and there are many depen
dent variables that may be computed using subjects' re
call protocols. While most memory studies using recall
tests employ only a single recall test, there are also many
research areas that employ multiple tests. Some ofthe do
mains in which multiple tests are given include clinical
neuropsychological assessment of memory functioning
(e.g., Crossen & Wiens, 1994; Randolph et al., 1994), stud
ies of hypermnesia (increases in recall across the reten
tion interval) and reminiscence (e.g., Burns, 1993; Erde
lyi & Becker, 1974; Payne, Hembrooke, & Anastasi, 1993),
development ofmemory skill (e.g., Herrmann, Buschke,
& Gall, 1987), and studies ofthe effectiveness ofmemory
promp~ingon eyewitness memory (e.g., Geiselman, Fisher,
MacKmnon, & Holland, 1985; Scrivner & Safer, 1988),

If properly analyzed, there is a wealth of information
that may be obtained from studies using even single re
call tests. For example, Wixted and Rohrer (1994) have
recently reviewed the empirical literature on the dynam
ics of free recall and have noted that the rates at which
subjects recall items provide important information con-
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cerning the retrieval processes involved in these tasks.
Other studies have focused on the organization of recall
following various encoding processes and as a function
ofdifferent types ofstudy materials (e.g., Hunt & Einstein,
1981). Finally, there are many research areas in which
subjects are presented with categorized lists, and the re
searcher is interested in such measures as the number of
items recalled per category, the number ofcategories rep
resented in the recall protocol, and/or the extent to which
the items are recalled in an organized manner (e.g., Nel
son, McEvoy, & Casanueva, 1982).

While most researchers typically use only single recall
tests, there are several advantages of administering re
peated recall tests, including the facts that (1) a single test
provides an underestimate ofwhat the individual remem
bers (Brown, 1923), (2) the order in which items are re
called across tests can reveal a great deal about the psy
chological processes involved in recall (e.g., Tulving,
1962), and (3) changes in the rate at which items are re
called across tests provide evidence concerning the amount
oflearning that takes place during testing (e.g., Roediger
& Payne, 1985). When multiple recall tests are adminis
tered to the same subjects, there are still further advantages
of fully analyzing the recall protocols; these advantages
arise from the fact that multiple tests allow the researcher
to compute more measures than can be computed from
only a single test.

While the data from both single and repeated testing
procedures can be used to measure many aspects of sub
jects' responding, researchers often report only net recall
rates or the number of items recalled on the testes). The
reluctance of researchers to fully exploit the data from
single and repeated testing studies may stem in part from
the fact that scoring free recall protocols can be extremely
labor intensive. Furthermore, the programs that are avail
able for scoring some ofthese measures are based on old
technology (e.g., Kelmer & Weist, 1974; Pellegrino, 1972),
or they do not provide the measures that are commonly
used in the literature (e.g., Bateson & DeVader, 1990). The
software described in this article provides an efficient
means by which results from single or repeated recall tests
can be coded and scored so as to take full advantage of
the rich data set obtained with repeated recall tests.

Overview of the Software
Scoring Options for Recall Tests (SORT) provides a

flexible method for scoring data from almost any type of
single or multiple recall testing procedure. SORT is written
in Microsoft QuickBasic 4.5 and can be run either from
within QuickBasic or as an executable file (SORT.exe).
SORT can score data from both categorized and uncate
gorized lists and across a user-defined number oftests. In
addition, if the data are collected so that the time intervals
d.uring which each item is recalled are available (e.g., the
first, second, '" , minute of the test period; see Payne,
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1986, for an illustration of a procedure that produces
these data), SORT will score the data in terms ofthe num
ber of items recalled within each time interval across each
test, as well as cumulative recall across the entire time of
testing (see Payne, 1986). The data are also scored for
(1) intertest forgetting and item recovery (or reminis
cence), (2) pair frequency (see Sternberg & Tulving,
1977), (3) the Adjusted Ratio ofClustering (ARC) score
(a measure of the degree of organization in the recall of
categorized lists; see Roenker, Thompson, & Brown,
1971), the mean number of items recalled per category,
and the number of categories represented (when catego
rized lists are used). These measures can also be saved
into an overall data summary file and exported for analy
sis in standard statistical packages. Appendix A presents
a list of the user-defined parameters that are available
within SORT, along with a description of the dependent
variables that are computed by the program. These de
pendent variables are divided into those that can be com
puted from either single or multiple tests and those that
require a least two tests.

SORT was explicitly designed to make it easy for in
experienced researchers (e.g., undergraduate research
assistants) to use the program with little or no instruc
tion. There is a short set of instructions that is available
as an unformatted text file (readme.txt) that can be printed
for individual use. There are provisions for creating backup
copies of individual subject data files (described below),
and there is extensive error trapping designed to prevent
the researcher from writing over a previously entered
data set. Our research assistants have been using the soft
ware for several semesters and have found it to be easy
to learn. We have also documented the increased effi
ciency with which data can be scored. For example, in a
representative experiment, we might have subjects study
60 items and then attempt to recall them on three 7-min
free recall tests. Prior to the development ofthis program,
it could take an experimenter several hours to score the
data from one subject on a subset of the measures listed
in Appendix A; using SORT, all ofthese measures can be
scored in less than 20 min.

Steps in Using SORT
To use the program, subjects' recall tests are first coded

according to a straightforward scheme. If the items are
from a randomized list (i.e., not a categorized list), then
each item from the study list is assigned a number from
1 to N, the total number of items in the study list. If the
items are from a categorized list, then the items need to
be numbered such that all of the items from one category
are numbered 1 to C (the number of items in each cate
gory; each category must contain an equivalent number
of exemplars in the study list), the next category C+ 1 to
2C, and so on. There is an example of coded data in the
text file available with the program. These codes are the
data that are used to compute the measures listed in
Appendix A.

After the items have been coded, these codes are en
tered into SORT. If the recall tests were administered so

that it is possible to determine consecutive temporal bins
(e.g., minutes) during which each item was recalled, then
these data are also entered along with the item numbers.
(Note that if the researcher wishes to determine the cu
mulative number of items recalled across each of several
tests, this measure is computed if the data were entered
using the temporal bins feature. If the data were not col
lected so as to allow, say, a minute-by-minute cumulative
recall analysis, SORT can still compute the cumulative
recall measure if the data are entered as if each test was
1 min in length.) Each subject's data are entered for each
ofthe tests administered, and these data are stored in user
defined files. After the data are entered, the user can check
the accuracy of the data and make any changes. Sum
mary descriptive statistics are available for each subject,
and a master file is created that can be exported for use
in any statistical software package that will accept an
ASCII file. The software also makes it possible for users
to check (and edit, ifnecessary) previously entered data.

Files Generated
The SORT program generates a number of files for a

variety of reasons. Appendix B lists these files and their
functions in the program.

Because the program will sometimes attempt to create
a directory, you may see a "directory already exists" mes
sage briefly appear. This is not an error. The computer is
simply letting the user know that a directory the program
had asked it to create had already been created.

The output of SORT saves to a file labeled "xxxmstr.
dat," where "xxx" represents the three-letter abbreviation
given to the experiment by the researcher. The "xxxmstr.
dat" file is a comma-delineated ASCII file that can be
read into most spreadsheet software (e.g., Microsoft Excel,
LotusI23) for inspection and editing. Each row represents
data from one subject, and each appropriately labeled
column represents a level ofthat dependent variable. The
user can work directly from the spreadsheet if desired.
For analysis in most statistical packages, however, the
user need only to select the columns of interest and copy
them onto a new worksheet. The user can then delete the
labels and save as a text file, the format most statistical
packages require.

Conclusion
Given the labor-intensive nature ofcalculating various

dependent measures from single or repeated testing stud
ies, it could be the case that researchers do not have the
resources to fully exploit Ute rich set of data obtainable
from these procedures. SORT gives the researcher the
opportunity to calculate a wide variety of relevant de
pendent measures in only a fraction of the time needed to
score these data by hand. In addition to this, SORT also
creates an organized output easily accessible to the re
searcher. We have found that the use of this software has
greatly reduced the number of hours needed to calculate
appropriate dependent measures and has greatly in
creased the feasibility of extracting a more complete set
of dependent variables.



Availability
A copy of an executable version of SORT, the source

code, and an accompanying text file designed to guide the
user in SORT are available from the third author (D.G.P.)
by sending $10 (covering the cost of reproduction and
mailing). To view or edit the source code, the user will
need to have Microsoft QuickBasic 4.5, but the executable
version of SORT can be run from any IBM-compatible
computer.
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Dependent Measure

Net recall

Net recall by minute

Number of categories

Number of items
recalled per category

Adjusted ratio of
clustering (ARC)
score*

Item loss

Item gain

Item gain by minute

Cumulative recall

Bidirectional intertrial
repetition (lTR) or
pair frequency (PF)t

APPENDIX A
Dependent Measures Output by SORT

Description

Individual Test Analyses

The total number of items recalled on test N.

A breakdown ofhow many items were recalled during each successive minute of test N. Can be used to easily cal
culate cumulative recall for test N.

The number of categories represented by at least one member on test N.

The average number of items recalled from each category with at least one item recalled on test N.

A measure oforganization in the recall ofcategorized lists with a range from +1.0 to -1.0. A score of I represents
a perfect recall organization, a score of 0 represents a random recall organization, and a score of - I represents
a systematically random ordering on test N.

Multiple Test Analyses

The number of items recalled on test N - I but not on test N.

The number of items recalled on test N but not on test N-I.

A minute-by-minute breakdown of the number of items that were recalled on test N that were not recalled on
test N-l.
A minute-by-minute cumulative count across all tests of new items recalled by the subject.

A measure of the frequency of items being recalled in pairs across tests, regardless of order. The higher the score,
the greater the number of pairs of words recalled together from test N to test N+ I.

*See Roenker, Thompson, & Brown (1971). "See Sternberg & Tulving (1977).
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APPENDIXB
The Files and Directories Generated by SORT and Their Functions

File or Directory

Param

dupprf.dat

Sdata

xxxdup.dat

xxx(S#).dat

xxxmstr.dat

Location and Description

A subdirectory created on the root directory of the 'C:' drive. This subdirectory is where the setup parameters to all forms
will be saved.

Saved to the "Param" subdirectory. This file contains a list of abbreviations and titles used on previous forms. The file is
used by SORT as a check against writing over previous data.

A subdirectory created in all directories the user wishes to save the data to. This subdirectory is where all individual subject
data will be saved. This is done as a precaution against disk errors, because if too many files were saved to the root direc
tory of a disk, a "disk is full" error would eventually occur prior to the disk actually being full.

A file saved in all directories the user wishes to save the data to. This file contains a list of all subject numbers used in the
form and is used by the program as a check against writing over previous data.

A file saved to the "Sdata" subdirectory. This file contains the raw individual subject data that were entered by the user.
SORT can reread this previously entered data and rerun the analysis.

A file saved in all directories the user wishes to save the data to. This file contains all the relevant dependent measures of
the experiment for all subjects. Each row represents an individual subject's data output, and each column is appropriately
labeled. This output is saved in ASCII format and is comma delineated.

Note-xxx represents the three-letter abbreviation given to the experiment by the user.
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