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Abstract
Objectives: These 2 studies evaluated technology-based behavioral interventions for promoting daily activities and supported
ambulation in people with mild-to-moderate and moderate-to-severe Alzheimer’s disease, respectively. Methods: Study 1
included 8 participants who were taught to start and carry out daily activities on their own using a tablet or smartphone device,
which provided activity reminders, step instructions, and praise. Study 2 included 9 participants who were taught to engage in brief
periods of ambulation using a walker combined with a tilt microswitch and a notebook computer, which monitored step
responses and provided stimulation and prompts. Results: The participants of study 1 succeeded in starting the activities
independently and carrying them out accurately. The participants of study 2 largely increased their ambulation levels and also
showed signs of positive involvement (eg, smiles and verbalizations). Conclusion: The aforementioned technology-based
interventions may represent practical means for supporting people with Alzheimer’s disease.
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Introduction

Alzheimer’s disease is a neurodegenerative disorder that causes

progressive decline in people’s condition.1-5 For example, dur-

ing the mild and the high moderate stages of the disease, people

are increasingly likely to show activity engagement problems,

with a tendency to progressively become more passive and

inaccurate.6-8 They do not seem to be fully aware of time and

fail to start daily activities when these are due.2,8-10 Likewise,

they do not seem to recall all activity steps, with an increasing

deterioration of their performance.11-15

During the low moderate and severe stages of the disease,

people tend to lose most of their adaptive and purposeful engage-

ment and eventually their ambulation skills as well (ie, becoming

uncertain in their ambulation, and thus at risk of falls, or unable to

ambulate without support).1,16-18 Lack of ambulation skills

restricts their opportunities to move (ie, carrying out basic, useful

physical exercise, and attaining positive environmental stimula-

tion for it) inside their daily context with negative implications for

their physical and emotional conditions.19,20

At present, there is no way to prevent or cure the disease.

Yet, one can adopt various pharmacological and behavioral

interventions to reduce the impact of the disease and/or slow

down its progression.21-23 Pharmacological interventions

(frequently involving the use of acetylcholinesterase inhibitors

and memantine) are typically considered complementary to

behavioral interventions.21,24-26 Behavioral interventions,

which increasingly rely on the use of assistive technology to

maximize their impact and reduce staff costs, are deemed

essential for providing people extra opportunities of positive
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engagement capable of temporarily curbing the disease’s

symptoms and degenerative process.6,8,9,14,15,27,28 Technol-

ogy-based behavioral interventions have varied widely regard-

ing their aims (eg, from sustaining the performance of daily

activities to promoting arm movements or supported ambula-

tion), depending upon the participants’ level of functioning

and environmental prospects.6,12,15,16 One of the most recent

studies concerning daily activities for people in the mild and

high moderate stages of the disease targeted not only the inde-

pendent and accurate performance of those activities but also

their independent start.29 The study relied on the use of a tablet,

which served to provide the 8 participants with timely remin-

ders about the daily activities to carry out, verbal instructions

concerning the steps included in those activities as well as

praise statements. Data showed that all participants managed

to start the activities independently and at the appropriate times

and carried them out with high levels of accuracy.

A recent, preliminary study concerning supported ambula-

tion for persons in the advanced stages of the disease relied on

the use of a 4-wheel walker combined with a tilt microswitch,

and a notebook computer.30 The microswitch monitored the

step responses, while the computer delivered (a) brief periods

of preferred stimulation contingent on those responses and (b)

verbal prompts in case of immobility. Data showed that during

the intervention, the 10 participants included in the study had

an increase in ambulation and tended to display signs of pos-

itive involvement (eg, talking or singing).

The promising results obtained in the aforementioned stud-

ies underline the possibility of using technology-based beha-

vioral interventions to reach relatively advanced objectives,

such as the combination of independent start and accurate per-

formance of multistep activities and the practice of supported

(self-determined) ambulation. Although this new evidence can

be considered very encouraging, and practically relevant for

services directed at people with Alzheimer’s disease, caution

is required in making general statements until the results of the

aforementioned studies are successfully replicated with addi-

tional participants as well as across research groups.31,32 The

present 2 studies were designed as first-level replication efforts,

carried out by the same research group involved in the original

work. Indeed, the 2 studies were aimed at assessing the effec-

tiveness of the interventions described above to promote (a)

independent start and accurate performance of daily activities

and (b) supported ambulation,31 with the involvement of 8 and

9 new participants, respectively.

Study 1

Methods

Participants. The 8 participants included in the study are indi-

cated here as participants 1 to 8. Two other persons, who had

been recruited for the study, dropped out because of lack of

interest in daily activities or poor health. The 8 participants

were deemed to be in the mild or moderate stages of the dis-

ease, attended centers for people with Alzheimer’s disease and

other dementias, and represented a convenience sample.33

They ranged from 73 to 92 years of age and had scores varying

between 16 and 24 on the Mini-Mental State Examination (see

Table 1).34 Their selection was based on 3 criteria. First, they

were generally passive when left alone. Staff and caregivers,

informally interviewed prior to the study, had indicated that the

participants generally failed to remember the times at which

daily activities were due and the steps involved in those activ-

ities. Second, the participants were capable of following simple

verbal reminders about the activities to carry out and instruc-

tions concerning the steps of those activities. Third, staff and

participants had verbalized interest in using a program, such as

that adopted in this study, which had been illustrated to them.

Notwithstanding the aforementioned interest, the participants

were reported to have problems in reading/understanding and

signing a consent form for the study. Thus, their families had

signed such form on their behalf. The study complied with the

1964 Declaration of Helsinki and its later amendments and was

approved by the ethics committee of the Alzheimer’s Associ-

ation, Bari, Italy.

Setting, activities, technology, sessions, and data recording. The

centers that the participants attended served as the setting for

the study. For each participant, 8 or 9 daily activities were

selected (eg, preparing coffee, setting the table, watering

plants, making the bed, performing self-care routines, prepar-

ing a snack, and arranging the calendar page). The activities,

which were adapted to the participants’ characteristics in

terms of steps and complexity, included means of over

16 steps. Specific verbal instructions were recorded for the

single activity steps and presented to the participants during

the intervention with the technology-based program (see

below). The technology included a tablet or smartphone

device with Android operating system and the Talking Alarm

Clock application as well as a wireless Bluetooth earpiece.

The Talking Alarm Clock application was highly suitable to

schedule the activities with related reminders, step instruc-

tions, and praise statements. In total, 5 or 6 activities were

scheduled over 1.5- or 2-hour morning or afternoon periods

representing the sessions of the study.

Scheduling an activity consisted of setting up the tablet or

smartphone with files containing a time and a verbal reminder

Table 1. Participants’ Characteristics (Study 1).

Participants Sex Age MMSE

1 M 82 19
2 M 89 18
3 F 82 21
4 F 89 18
5 F 81 16
6 M 73 24
7 M 90 16
8 M 92 17

Abbreviations: F, female; M, male; MMSE, Mini-Mental State Examination.
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for the activity, specific instructions to guide the participant

through the activity steps, and praise statements. When the time

for an activity was reached, the participant was reminded to

start that activity and thereafter he or she was presented with

the step instructions for it. The instructions were presented

individually or in strings of 2 to cover sets of 2 steps, such

as, “take the container and fill it with water.” The instructions

(or instruction strings) were separated by intervals (eg, 10-30

seconds), which varied across participants and activities based

on preliminary observations of participants’ step performance.

During some of the intervals, praise statements occurred. The

participants received the reminders, instructions, and praise

through the aforementioned Bluetooth earpiece. The earpiece

was easy to wear and freed the participants from the need to

carry the tablet or smartphone.

Data recording was conducted by research assistants in

charge of the sessions and concerned the (a) number of activ-

ities the participants started independently (ie, without remin-

ders from the research assistants and at the appropriate time)

and (b) the number of activity steps the participants performed

correctly. Inter-rater agreement was checked in about 30% of

the sessions. Percentages of agreement were computed on sin-

gle sessions for the first measure and single activities for the

second measure by dividing activities or steps with agreement

by the total number of activities or steps and multiplying by

100%. The percentages were in the 80 to 100 range, with means

exceeding 95 on both measures for all participants.

Experimental conditions and data analysis. The study included 2

baseline phases and a technology-based intervention phase.

The numbers of sessions the participants received within the

2 baseline phases varied according to an adapted nonconcurrent

multiple baseline design across participants.35 The number of

sessions for the single participant was preset. Yet, sessions

would be added if the participants’ percentages of activities

started correctly or activity steps carried out correctly were

above 40 and the value of the last session exceeded those of

previous sessions. (This condition never applied.). The inter-

vention sessions served to determine the effects of the

technology-based intervention on each of the measures

recorded. The baseline and intervention data for activities

started independently and activity steps carried out correctly

were summarized/graphed as means per session over blocks of

sessions. The differences between baseline and intervention

session values were analyzed for the single participants via the

Kolmogorov-Smirnov test.36

Baseline I and II. Each session of the first baseline started with

a research assistant familiar to the participant reading a list of 5

or 6 activities and the times at which they were due and placing

the list on the table in front of the participant. This phase served

to determine how many of the scheduled activities the partici-

pant would start independently. During each session of the

second baseline, the research assistant asked the participant

to carry out 5 or 6 activities (ie, one at a time) to determine

how many activity steps he or she carried out correctly. The

research assistant intervened on an error only if this precluded

the continuation of the activity. At the end of an activity (ie,

when the participant said he or she had completed it or was

unable to continue), the research assistant praised the partici-

pant for his or her efforts.

Intervention. At the beginning of each session of the inter-

vention phase, the participant was provided with the wireless

Bluetooth earpiece linked to the tablet or smartphone, which

worked as described above to promote independent start and

correct performance of the activities. The initial 3 or 4 sessions

served as introductory/practice sessions, during which the par-

ticipant received explanations and guidance from the research

assistant on using the technology, at the beginning of the ses-

sion and at each activity scheduled so that the activity was

started and performed accurately. During the subsequent ses-

sions, the participant received no specific help from the

research assistant, who provided error corrections and praise

as during the second baseline phase.

Results

The 8 panels of Figure 1 report the participants’ mean percen-

tages of activities started independently and of activity steps

carried out correctly per session, across blocks of baseline and

intervention sessions. During the first baseline phase, which

included between 2 and 4 sessions per participant, the partici-

pants’ mean percentages of activities started independently

were 0. During the second baseline phase, which included

between 3 and 6 sessions per participant, the participants’ mean

percentages of activity steps carried out correctly were always

below 40. During the intervention phase, which included

between 37 and 82 sessions (following the 3 or 4 introductory

sessions), the participants’ mean percentages of activities

started independently were (close to) 100. That is, the partici-

pants responded to all technology-regulated reminders or

missed only very few of them. The participants’ overall mean

percentages of correct steps were near or above 90. The

Kolmogorov-Smirnov test showed that the differences between

intervention and baseline session data on activities started inde-

pendently, and correct activity steps were statistically signifi-

cant for all participants (P < .01 or P < .05, if only 2 baseline

sessions were available).

Study 2

Methods

Participants. The study included 9 participants who are indicated

here as participants 1 to 9. Four other persons, who had been

recruited for the study, dropped out due to health or practical

reasons. The 9 participants ranged from 70 to 92 years of age,

represented a convenience sample, were considered to function

at the lower half of the moderate or at the severe level of

Alzheimer’s disease and had scores varying from < 6 to 14

on the Mini-Mental State Examination (see Table 2). The par-

ticipants attended centers for people with Alzheimer’s disease
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and other dementias and were selected on the basis of

3 criteria. First, they were unable to ambulate independently

and showed only minimal or moderate ambulation levels

(ie, step frequencies) when provided with a walker device.

Second, preliminary observations had shown that they enjoyed

stimulation events, such as music and religious hymns, and

started ambulating in response to verbal prompts (ie, encour-

agements) to do so. Third, staff and families considered ambu-

lation relevant for the participants and favored the use of an

intervention program such as that adopted in this study for

supporting it. The participants were unable to provide consent

to the study. Thus, the families had signed a consent form on

the participants’ behalf. The study complied with the 1964

Declaration of Helsinki and its later amendments and was

approved by the same ethics committee as study 1.

Setting, sessions, step responses, technology, and walker. The cen-

ters that the participants attended served as the setting for the

study. Sessions lasted 3 minutes and typically occurred 3 to

7 times a day. Short sessions were decided on the assumption
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Table 2. Participants’ Characteristics (Study 2).

Participants Sex Age MMSE

1 F 70 <6
2 M 82 8
3 F 86 12
4 M 84 12
5 M 72 <6
6 M 83 12
7 F 92 14
8 F 75 9
9 F 72 <6

Abbreviations: F, female; M, male; MMSE, Mini-Mental State Examination.
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that they would not cause tiredness and discomfort. A step

response consisted of the participant’s moving either foot for-

ward. The technology included a tilt microswitch and a note-

book computer with earpieces. The microswitch was fixed to

the participant’s right foot, detected the step responses per-

formed with that foot, and signaled them to the computer. The

computer (a) recorded those step responses (whose final fre-

quency was doubled to also account for the steps made with the

left foot) during the baseline and intervention and (b) delivered

and recorded stimulation events and verbal prompts during the

intervention (see below). The technology was used together

with a 4-wheel walker, which had a frame passing around the

participant’s chest and under his or her arms and could also

include a harness to avoid risks of falls.

Stimulation events and prompts. Stimulation events consisted of

5-s segments of old songs, religious hymns, and prayers,

which were deemed preferred for the participants based on

staff reports and direct screening. Screening involved at least

10 nonconsecutive presentations of each of several segments

representing the aforementioned stimulus categories

(ie, songs, hymns, and prayers). Stimuli were selected only

if a research assistant and a staff member had judged the

related segments effective in triggering positive reactions

(eg, orienting, smiling, or verbalizations) in 60% or more of

their presentations.37 Prompts were utterances of 1 to 3 words

and occurred after 10 to 15 seconds of no microswitch activa-

tion. Stimulation events and prompts were channeled through

the participants’ earpieces.

Signs of positive involvement. Signs of positive involvement (ie,

singing, praying, positive verbalizations, and smiles) were

recorded for each participant during the baseline and interven-

tion sessions. Recording was carried out by research assistants

using a partial interval system, with 10-s observation intervals

followed by 5-s scoring periods.31 Inter-rater agreement was

assessed in about 25% of the aforementioned sessions by hav-

ing a research assistant and a reliability observer involved in

the recording. The percentages of agreement (computed for the

single sessions by dividing the intervals with matching scores

by the total number of intervals and multiplying by 100%) were

within the 80 to 100 range, with means exceeding 90 for all

participants.

Experimental conditions and data analysis. A nonconcurrent

multiple baseline design across participants35 was used to

assess the effects of the intervention program on ambulation

(ie, step responses) and signs of positive involvement.38 The

baseline and intervention data on step responses and signs of

positive involvement of each participant were summarized/

graphed as means per session over blocks of sessions. The

differences between baseline and intervention session values

were analyzed for the single participants via the Kolmogorov-

Smirnov test.36

Baseline. The participants were provided with the walker and

the technology but did not receive stimulation or prompts.

Intervention. During the intervention phase, the participants

used the walker with the technology, which provided stimula-

tion and prompts as described in the setting, sessions, step

responses, technology, and walker section. Five introductory

sessions were carried out to familiarize the participants with the

intervention conditions. During these sessions, the research

assistants used verbal and physical guidance to foster partici-

pants’ ambulation, experience of contingent stimulation, and

responding to prompts.

Results

The 9 panels of Figure 2 report the participants’ mean frequen-

cies of step responses and mean percentages of positive invol-

vement per session over blocks of baseline and intervention

sessions. During baseline, which included between 4 and 11

sessions, the participants had mean frequencies of step

responses per session below 50 with no increasing trends. Their

mean percentages of intervals with signs of positive involve-

ment were between 0 and 8. During the intervention, which

included between 73 and 119 sessions, the mean frequencies of

step responses per session increased to between about 100 and

over 150. The mean percentages of intervals with signs of

positive involvement ranged from below 10 to near 80. The

Kolmogorov-Smirnov test showed that the differences between

baseline and intervention were statistically significant (P < .01)

for all participants on step responses and for 6 participants (ie,

participants 1, 4, 6, 7, 8, and 9) on signs of positive involve-

ment. Computer prompts (not reported in the figure) were

mostly sporadic with the overall mean frequency across parti-

cipants well below 1 per session.

Discussion

The results of the 2 studies, in line with preliminary data in

those areas,29,30 emphasize the effectiveness of technology-

based intervention programs to promote (a) independent start

and accurate performance of daily activities in people at the

early stages of the disease and (b) supported ambulation in

people at advanced stages of the disease. In light of these

results, a number of considerations may be put forward regard-

ing the relevance of the intervention programs, their practical

implications, and the technology solutions involved.

First, previous technology-based intervention programs

with persons with mild or moderate Alzheimer’s disease had

typically been aimed at either (a) reminding the persons of

simple activities to perform (eg, taking medication)39,40 or

(b) providing the persons with instructions for complex activ-

ities (eg, preparing food recipes) started after staff/caregiver

reminders.6,8,14,15 The program used in this study combines the

2 different functions of the aforementioned types of programs

previously applied in the area. In fact, the present program

provides reminders as well as activity instructions to support

both the independent and timely start and the accurate

Lancioni et al 5



execution of daily activities. The availability of both functions

within the same intervention program may be considered prac-

tically advantageous, allowing participants to be successfully

engaged with minimal supervision and thus with potentially big

savings in terms of staff time.

Second, enabling persons with mild or moderate Alzhei-

mer’s disease to start and carry out daily activities indepen-

dently, without specific demands on staff/caregiver, may be

critical to allow them extended, beneficial activity engagement

during the day.29,41-43 Extended activity engagement can

have a positive impact in terms of cognitive stimulation

(ie, by facilitating the practice of performance and communi-

cation functions), from a social standpoint (ie, by advancing the

participants’ social status and fostering their relationship

with families and staff), as well as in terms of physical

exercise.29,40,44-47 With regard to the last point, it is important

to note that daily activities, like those used in this study,

involve motor responses, such as ambulating, body bending

and balancing, arm and leg stretching, and arm lifting, deemed

relevant for mild physical exercise.48-50

Third, the technology used to support independent and

accurate activity is readily available, easy to use, and largely
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affordable. Indeed, tablets and smartphones are common

(everyday) tools and can be purchased for relatively small costs

(ie, from about US$250 to US$400). Those tools can be easily

fitted with a number of audio files (ie, each representing one

of the activities scheduled) and the number of files/activities

included might be fairly large so as to provide participants

with ample occupational opportunities. Each file would con-

tain a verbal reminder occurring at the time when the related

activity is due and the instructions for the activity steps. The

instructions could be (a) interspersed with praise to motivate

the participants to stay active and positively involved and (b)

delivered via wireless Bluetooth earpieces that the partici-

pants wear during the sessions (thus avoiding to carry the

smartphone or tablet).29

Fourth, the ambulation increase shown by the participants of

study 2 suggests that they were motivated to perform this skill,

which is deemed to have multiple positive health implications,

once the appropriate support (ie, walker device) was combined

with preferred stimulation for step responses. Indeed, the large

difference observed between the baseline period (in which the

participants were provided with the walker device without sti-

mulation) and the intervention phase seems to largely stress the

importance of the stimulation available during this latter phase.

The role of the automatically delivered prompts might have

been negligible for most of the participants who received very

sporadic prompt instances.

Fifth, the participants’ general increase in signs of positive

involvement during the intervention phase can be taken as a

convincing indication that the participants were comfortable

with the response requirements and typically enjoyed the sti-

mulation available during the ambulation sessions.50-53 This

evidence allows one to claim that the intervention program not

only had favorable implications for the participants’ physical

engagement but also promoted their emotional well-being with

potential benefits for their overall condition.20,54,55 The same

evidence might reassure staff and families about the positive

effects of supported ambulation and eventually encourage them

to adopt a program such as that reported within daily

contexts.41,44,46,47

Sixth, the technology employed for the ambulation program

can be considered relatively simple and easy to access. Indeed,

the specific technology components used in this program were

a tilt microswitch for monitoring ambulation steps and a note-

book computer providing stimulation for ambulation steps and

prompts in case of passivity. Both components are commer-

cially available and largely affordable in terms of cost (ie, with

the total amount below US$500) and application requirements.

Without these technology components, staff efforts to help the

participants ambulate did not seem very effective, leaving the

participants in an unfavorable condition.17-20

Seventh, several limitations of the studies need to be

reviewed here. One limitation is the relatively small number

of participants included in each of the studies. With regard to

this issue, the following points could be made. The evidence

provided by the studies can be considered an important addi-

tion to the early data available in the respective areas. In spite

of this, additional participants need to be exposed to the pro-

grams, and different research groups need to be involved in

carrying out the programs to definitely determine (a) the

robustness of the present data and (b) the wisdom of recom-

mending the programs’ use on a wider scale.31,32 A second

limitation is the absence of social validation assessment for the

2 programs (eg, absence of staff interviews about the benefits

and applicability of those programs).56,57 Positive social vali-

dation data might be relevant to predict the level of program

acceptance and use within daily contexts.58,59 A third limitation

is the failure to carry out any specific interview or observation

check with the participants of study 1 to gather evidence about

their level of satisfaction with the program conditions and their

activity performance.

In conclusion, the studies provide encouraging evidence on

the suitability and effectiveness of the technology-based

intervention programs used for promoting independent start

and accurate performance of daily activities and supported

ambulation, respectively. New research needs to address the

aforementioned limitations of the studies to verify the

strength of these findings and the overall level of acceptability

of the programs within daily contexts. Research efforts may

also be directed at (a) determining a wider range of activities

that could match the needs and abilities of participants like

those included in study 1 and (b) gathering additional evi-

dence on signs of positive involvement with participants like

those included in study 2.29,30,60
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