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Abstract
Background/Aims: Our aim was to identify cognitive factors affecting free recall, cued recall, and
recognition tasks in patients with Alzheimer’s disease (AD). Subjects: We recruited 349 consecu-
tive AD patients who attended a memory clinic. Methods: Each patient was assessed using the
Alzheimer’s Disease Assessment Scale (ADAS) and the extended 3-word recall test. In this task,
each patient was asked to freely recall 3 previously presented words. If patients could not recall
1 or more of the target words, the examiner cued their recall by providing the category of the
target word and then provided a forced-choice recognition of the target word with 2 distracters.
The patients were divided into groups according to the results of the free recall, cued recall, and
recognition tasks. Multivariate logistic regression analysis for repeated measures was carried out
to evaluate the net effects of cognitive factors on the free recall, cued recall, and recognition tasks
after controlling for the effects of age and recent memory deficit. Results: Performance on the
ADAS Orientation task was found to be related to performance on the free and cued recall tasks,
performance on the ADAS Following Commands task was found to be related to performance on
the cued recall task, and performance on the ADAS Ideational Praxis task was found to be related
to performance on the free recall, cued recall, and recognition tasks. Conclusion: The extended
3-word recall test reflects deficits in a wider range of memory and other cognitive processes, in-
cluding memory retention after interference, divided attention, and executive functions, com-
pared with word-list recall tasks. The characteristics of the extended 3-word recall test may be
advantageous for evaluating patients’ memory impairments in daily living.
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Introduction

Deficits of recent memory are one of the major symptoms in many forms of dementia.
Evaluating its severity is important in the diagnosis and management of dementia. One of
the most commonly used tasks for the cognitive screening of recent memory deficit is the
free recall of several words [1]. For example, the Mini-Mental State Examination (MMSE) [2,
3] contains a free recall task of 3 words. This task provides a useful measure for assessing the
presence or absence of recent memory deficits but is reported to be insufficient to assess the
severity of impairment because of its floor effect [4, 5].

In clinical practice, many neurologists, psychiatrists, and clinical neuropsychologists
supplement free recall tasks with cued recall tasks that include category cues and forced-
choice recognition tasks for patients who scored zero on a task of free word recall [1].

Various types of cognitive dysfunction may also affect the scores of tasks for recent
memory [6, 7]. However, we do not sufficiently understand cognitive factors other than re-
cent memory that may affect the free recall, cued recall, and recognition tasks of the extend-
ed 3-word recall test. This study examined these issues using a statistical model to control
for appropriate clinical factors.

Subjects

We recruited 349 consecutive, community-dwelling patients who attended the Memory
Clinic at Niigata Rehabilitation Hospital (Niigata, Japan). The eligibility criterion for the
study was a diagnosis of probable AD based on the criteria of the National Institute of Neu-
rological and Communicative Disorders and Stroke and Alzheimer’s Disease and Related
Disorders Association (NINCDS-ADRDA) [8]. In the initial assessment, each patient under-
went an MMSE, an Alzheimer’s Disease Assessment Scale (ADAS) [9, 10], a neurological ex-
amination, a brain MRI or CT scan, an electroencephalogram, and a blood analysis includ-
ing vitamin B;, By,, and thyroid function. Formal clinical criteria were used to exclude pa-
tients with other dementing diseases or delirium.

Table 1 demonstrates the patients’ demographic, clinical, and cognitive characteristics.

Methods

Procedure for the Extended 3-Word Recall Test (Free Recall, Cued Recall, and

Recognition Tasks)

Each patient underwent the free recall task from the 3-word recall test within the MMSE.
We used ‘rabbit” from the animal category, ‘airplane’ from the vehicle category, and ‘tulip’
from the flower category as the 3 target words of the recall test. We used these words because
of their moderate level of familiarity in Japanese. Words with high familiarity in the three
categories, such as ‘dog’, ‘train’, and ‘cherry blossoms’, were avoided as target words in an at-
tempt to reduce the number of incidentally correct responses during the cued recall task.

When a patient could not recall 1 or more of the 3 target words during the free recall
task, the examiner immediately introduced the cued recall and recognition tasks. We con-
ducted the cued recall and recognition tasks for each word that a patient failed to recall. The
examiner instructed each patient as follows: T will give you the category of the target word
to help you recall.” The category word for the cue was ‘animal’ for rabbit, ‘vehicle’ for air-
plane, and ‘flower’ for tulip. If the patient could not recall the target after the presentation
of the category word, the examiner introduced a forced-choice recognition trial that con-
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Table 1. Demographic data and scores for all patients and each patient group

All patients FR1-3 FRO CR1-3 CRO RT1-3 RTO
(n =349) (n=68) (n=281) (n=101) (Mm=180) (n=111) (n=69)
Female gender, % 76.5 69.1 78.3 81.2 76.7 76.6 76.8
Age at examination, years 79.9+6.7 (58-96) 77.2%*6.8 80.5+t6.6 80.3*65 80.6*x6.6 80.0*x6.4 81.5%6.9
Disease duration, years 34%£24(0-15) 3.1%x21 35%£24 32%23 37%£25 3.6%x25 4.0%x25
MMSE total score 189+4.1(5-30) 22.6%x3.6 18.0%3.7 193%*33 173%£38 17.7x39 16.6%35
ADAS total score! 19.3£8.6 (4-50) 12.7%5.7 209*84 17.6*x74 227%x84 21.0%£7.7 254+£87
Word Recall (0-10) 6.3+£1.6 (0-9) 5315 6.6*X15 62*x14 69*15 66x15 72*x14
Orientation (0-8) 3.8+£2.2(0-8) 21x20 42=x21 3.6x20 4520 43x20 48%x21
Following Commands (0-5) 1.2£1.0 (0-5) 1.0x08 12*x11 09%x09 14*1.1 1311 15%12
Ideational Praxis (0-5) 1.8+ 1.7 (0-5) 1.1x15 20x17 1l6%x16 23*x17 20x17 28%x17
Naming (0-5) 0.1£0.5(0-4) 0.0x0.1 01X05 0.1x0.2 02*x06 01Xx04 03£038
Constructions (0-5) 1.0£0.8 (0-4) 0.7x0.8 1.0X0.8 09x0.9 1.1£0.8 1.1£09 1.1x0.7

Data are shown as the mean * SD (range), unless otherwise indicated. ! A higher score indicates greater dysfunction.

FR1-3 (n=68) FRO (n = 281)

CR1-3 (n=101) CRO (n=180)

|

RT1-3(n=111) RTO (n=69)

Fig. 1. Definition of the patient
groups, based on the results of
the extended 3-word recall test.

sisted of the target word and 2 distracter words. The 3-word lists for each target were as fol-
lows: rat, rabbit, and sheep; bus, airplane, and taxi; and cherry blossoms, sunflower, and
tulip.

Definition of the Patient Groups Based on the Results of the Extended 3-Word Recall

Test (fig. 1)

Free Recall Group. The patients of the free recall (FR) group were divided into two sub-
groups: patients who recalled 1 or more words during the free recall task (FR1-3 group) and
patients who recalled no words during the free recall task (FRO group).

Cued Recall Group. The FRO patients were divided into two subgroups: patients who re-
called 1 or more words during the cued recall task (CR1-3 group) and patients who recalled
no words during the cued recall task (CRO group).

Recognition Group. The CRO patients were further divided into two subgroups: patients
who recalled 1 or more words during the recognition task (RT1-3 group) and patients who
recalled no words during the recognition task (RT0 group).

Table 1 and figure 1 show the number of patients and their gender distribution, as well
as the average age, estimated dementia onset, total MMSE score, total ADAS score, and
ADAS subscores for each patient group.
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Statistical Method
Analysis 1

A univariate logistic regression analysis for repeated measures was carried out to evalu-
ate the effects of clinical and cognitive factors on the free recall, cued recall, and recognition
tasks in the extended 3-word recall test. The model included the patient groups (FR1-3 vs.
FRO, CR1-3 vs. CRO, or RT1-3 vs. RT0) as repeated measures, and one of the patient charac-
teristics (gender, age, or disease duration) or one of the cognitive measures (the scores of the
ADAS Word Recall, Orientation, Following Commands, Ideational Praxis, Constructions,
or Naming tasks) as an independent variable.

Statistical analyses were conducted using Statistica software (Statsoft Japan, Tokyo, Ja-
pan), and significance was defined as p < 0.05. We did not correct the significance level for
multiple comparisons because of the exploratory nature of this study.

Analysis 2

To control for the effects of age and recent memory deficit, we carried out a multivariate
logistic regression analysis for repeated measures. The model included the group as repeated
measures, the score on each of 5 ADAS subitems (Orientation, Following Commands, Ide-
ational Praxis, Constructions, and Naming tasks) as an independent variable, and the patients’
age and score on the ADAS Word Recall task as confounding factors. This model elucidated
the net effect of other cognitive measures after eliminating the effects of the patients’ age and
any recent memory deficits, represented by the patients’ scores on the ADAS Word Recall task.

This study protocol was approved by the Ethics Committee of Niigata University of
Health and Welfare.

Results

Analysis 1

Table 2 shows the results of the univariate logistic regression analysis for each group of
patients. Scores on the free recall task (FR1-3 vs. FRO) were significantly related to age and
scores on the ADAS Word Recall, Orientation, Ideational Praxis, and Constructions tasks.
In addition, there was a nonsignificant trend toward group differences on the ADAS Follow-
ing Commands and Naming tasks (p < 0.10).

Scores on the cued recall task (CR1-3 vs. CRO) were significantly related to scores on the
ADAS Word Recall, Orientation, Following Commands, Ideational Praxis, and Construc-
tions tasks. In addition, there was a nonsignificant trend toward group differences on the
ADAS Naming task (p < 0.10).

Scores on the recognition task (RT1-3 vs. RT0) were significantly related to scores on the
ADAS Word Recall and Ideational Praxis tasks.

Analysis 2

Table 2 shows the results of the multivariate logistic regression analysis for each patient
group. Scores on the free recall task (FR1-3 vs. FR0) were significantly related to scores on
the ADAS Orientation task and exhibited a trend toward correlation with scores on the
ADAS Ideational Praxis task. That is, patients with more errors on the ADAS Orientation
and Ideational Praxis tasks more frequently scored zero on the free recall task.

Scores on the cued recall task (CR1-3 vs. CRO) were significantly related to scores on the
ADAS Orientation, Following Commands, and Ideational Praxis tasks. That is, patient with
more errors on the ADAS Orientation, Following Commands, and Ideational Praxis tasks
more frequently scored zero on the cued recall task.
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Table 2. The results of each regression analysis for each patient group
FR1-3 versus FRO CR1-3 versus CR 0 RT1-3 versus RTO
odds  95% CI p value odds  95% CI pvalue odds  95% CI p value
ratio ratio ratio
Univariate logistic regression analysis
Age at examination (years) 093 0.89-0.97 <0.01 0.99 0.96-1.03 069 097 092-1.01 0.15
Gender 1.6 0.83-3.13 0.16 0.76  0.40-1.45 0.41 1.01 0.27-3.81 0.98
Disease duration (years) 091 0.80-1.03 0.15 091 0.81-1.01 0.09 0.93  0.82-1.05 0.24
ADAS
Word Recall (0-10) 0.55 0.45-0.67 <0.01 0.71 0.60-0.85 <0.01 0.73 0.59-0.92 <0.01
Orientation (0-8) 0.60 0.51-0.70 <0.01 0.80 0.71-0.91 <0.01 0.90 0.77-1.04 0.16
Following Commands (0-5) 0.77 0.58-1.02 <0.10 0.64 0.49-0.83 <0.01 0.88 0.70-1.15 0.34
Ideational Praxis (0-5) 0.70 0.57-0.84 <0.01 0.78 0.67-0.91 <0.01 0.76  0.63-0.91 <0.01
Constructions (0-5) 0.59 040-0.85 <0.01 0.72  0.53-0.98 <0.05 095 0.66-1.36 0.77
Naming (0-5) 0.17  0.02-1.19 <0.10 0.47 0.22-1.02 <0.10 0.73 0.44-1.21 0.21
Multivariate logistic regression analysis with age and ADAS Word Recall score as confounding factors
ADAS
Orientation (0-8) 0.67 0.56-0.80 <0.01 0.86 0.75-0.98 <0.05 0.97 0.82-1.14 0.70
Following Commands (0-5) 1.02 0.75-1.40 0.88 0.72 0.55-0.94 <0.05 0.97 0.72-1.30 0.84
Ideational Praxis (0-5) 0.83 0.68-1.02 <0.10 0.84 0.72-0.99 <0.05 0.80 0.66-0.97 <0.05
Constructions (0-5) 0.79 0.53-1.19  0.26 0.83 0.60-1.15 0.26 1.08 0.74-1.59  0.68
Naming (0-5) 0.35 0.06-2.02  0.24 0.62 0.29-1.32 021 0.80 046-138 041
Stepwise multiple logistic regression analysis with age and ADAS Word Recall score as confounding factors
ADAS
Orientation (0-8) 0.67 0.56-0.79 <0.01
Following Commands (0-5) 0.72  0.55-0.94 <0.05
Ideational Praxis (0-5) 0.80 0.66-0.97 <0.05

Constructions (0-5)
Naming (0-5)

Scores on the recognition task (RT1-3 vs. RT0) were significantly related to scores on the
ADAS Ideational Praxis task. That is, patients with more errors on the ADAS Ideational
Praxis task more frequently scored zero on the recognition task.

We additionally conducted a stepwise multiple logistic regression analysis for repeated
measures. The model included the group as repeated measures, the patients’ age and score
on the ADAS Word Recall task as confounding factors, and the patients’ scores on the sig-
nificant cognitive measures in Analysis 2 as an independent variable. Table 2 shows the re-
sults of the stepwise multiple logistic regression analysis for each patient group. The signifi-
cant variables were scores on the ADAS Orientation task for groups FR1-3 and FRO, scores
on the ADAS Following Commands task for groups CR1-3 and CRO, and scores on the
ADAS Ideational Praxis task for groups RT1-3 and RTO.

Discussion

Free recall, cued recall with category cues, and forced-choice recognition tasks of word
recall are classic clinical tools in behavioral neurology, neuropsychiatry, and clinical neuro-
psychology [1]. In this study, we confirmed a significant relation between scores of the ADAS
Word Recall test, a standard neuropsychological test of recent memory, and the results of the
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free recall, cued recall, and recognition tasks of the extended 3-word recall test. These find-
ings demonstrate the validity of these common clinical tasks.

We also found that scores on the free recall, cued recall, and recognition tasks were sig-
nificantly related to scores on several cognitive ADAS tasks after we eliminated the effects
of the patients’ ages and recent memory deficits, as represented by scores on the ADAS Word
Recall task. Tasks with correlated results included the ADAS Orientation task and the free
and cued recall tasks, the ADAS Following Commands task and the cued recall task, and the
ADAS Ideational Praxis task and the free recall, cued recall, and recognition tasks. We dis-
cuss the potential underlying mechanisms of these relationships below.

Relationship between Scores on the ADAS Orientation Task and the Free Recall

and Cued Recall Tasks

We hypothesize that the relationship between the results of the ADAS Orientation task
and the free recall and cued recall tasks reflects a common deficit in a subprocess of recent
memory, namely, retention after interference. In Analysis 2, the statistical model controlled
for the effects of recent memory deficits, as represented by scores on the ADAS Word Recall
task. In this task, subjects are asked to recall the 10 target words immediately after their pre-
sentation, but subjects are not asked to retain the target words after other tasks. Therefore,
the statistical method of this study may not sufficiently control for the effect of impaired re-
tention after interference. In contrast, the results of both the free and cued recall tasks of the
extended 3-word recall test depend on the subjects’ retention of the target words after inter-
ference tasks. The ADAS Orientation task scores the subjects’ responses to 8 questions about
the year, month, date, day, time, season, place, and their person. Patients with preserved re-
tention after interference are thought to score well because they may recall current episodes,
which help them correctly orient to time, place, and person. Thus, decreased scores on the
ADAS Orientation task and failures on the free and cued recall tasks may result from a com-
mon deficit in memory retention after interference.

Relationship between Scores on the ADAS Following Commands and Cued Recall Tasks

We hypothesize that the relationship between the results of the ADAS Following Com-
mands task and the cued recall task reflects a disturbance of divided attention. Divided at-
tention refers to an individual’s ability to simultaneously respond to multiple demands [1].
The ADAS Following Commands task evaluates motor responses to simple and complex
verbal commands. Therefore, this task measures attentional functionality in addition to lan-
guage comprehension. A correct response to a complex command necessitates divided at-
tention.

Why does cued recall suffer when the patients’ ability to divide their attention is im-
paired? The category cue of the cued recall task in this study was presented to patients im-
mediately after failure of free recall for each target word. Processes of successful retrieval
in cued recall tasks are thought to be as follows. During the free recall, the recall of the tar-
get words fails if the target word was insufficiently activated and the degree of activation
was below the threshold of retrieval and recall. The categorical cue then activates the target
and related words. If the patient has sufficient divided attention, the summed activation
from the below-threshold activation of the target word during the free recall and the activa-
tion of the target word after presentation of the categorical cue reaches the threshold of re-
trieval and recall. On the other hand, if patients have a deficit of divided attention, they do
not retain the activation from the free recall, and the target word fails to be retrieved and
recalled during the cued recall. Thus, decreased scores on the ADAS Following Commands
task and failures on the cued recall task may result from a common deficit in divided atten-
tion.
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Relationship between the ADAS Ideational Praxis Task and Free Recall, Cued Recall,

and Recognition Tasks

We hypothesize that the relationship between the results of the ADAS Ideational Praxis
task and the free recall, cued recall, and recognition tasks reflects a disturbance of executive
functioning. Executive functioning is intrinsic to the ability to respond in an adaptive man-
ner to novel situations and is the basis of many cognitive and social skills. Deficits in execu-
tive functioning, including organization, strategy, and self-monitoring, can affect memory
performance and other cognitive tasks [1, 7]. The ADAS Ideational Praxis task requires the
execution of a complex sequence of motor actions involving the use of 6 tools and objects.
Executive functioning is required to use the items in the appropriate sequence [11].

The free recall, cued recall, and recognition tasks also become difficult when executive
functioning is impaired. In the encoding process of the extended 3-word recall test, execu-
tive functioning provides cognitive strategies for finding effective cues, such as a visual im-
age for or the semantic category of each word. These cues can facilitate the recall of target
words during the free recall, cued recall, and recognition tasks. Thus, patients with distur-
bances of executive functioning have difficulty performing the ADAS Ideational Praxis task
and employing effective strategies to encode and retrieve the target words during the ex-
tended 3-word recall test.

Conclusion

The results of this study suggest that scores on the extended 3-word recall test (with free
recall, cued recall, and recognition tasks) reflect deficits in a wider range of memory and
other cognitive processes than do word-list recall tasks. Processes that may be probed by this
test include memory retention after interference, divided attention, and executive function-
ing. The characteristic of the extended 3-word recall test may be advantageous for predicting
memory impairments in daily living because the above-mentioned deficits in the cognitive
processes may also affect everyday memory, that is, memory in natural contexts in the real
world [12]. A validated scoring system for the extended 3-word recall test may provide a val-
id measure for predicting the presence and severity of memory impairments in daily living.
We believe this issue is worthy of future clinical research.
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