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Abstract

Objective: To examine the effects of electronic health information technol-
ogy (HIT) on nursing home residents. Methods: The study evaluated the impact
of implementing a comprehensive HIT system on resident clinical, functional,
and quality of care outcome indicators as well as measures of resident aware-
ness of and satisfaction with the technology. The study used a prospective,
quasi-experimental design, directly assessing 761 nursing home residents in
10 urban and suburban nursing homes in the greater New York City area.
Results: No statistically significant impact of the introduction of HIT on
residents was found on any outcomes, with the exception of a significant
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negative effect on behavioral symptoms. Residents’ subjective assessment of
the HIT intervention were generally positive. Discussion: The absence of
effects on most indicators is encouraging for the future development of HIT
in nursing homes. The single negative finding suggests that further investiga-
tion is needed on possible impact on resident behavior.
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long-term care, technology, quality of care

Introduction and Background

The past decade has seen dramatically increased interest in and promotion of
electronic health information technology (HIT). Such technology is viewed
as a solution to persistent problems in the quality of care across health set-
tings, increasing efficiency while offering significant potential for cost sav-
ings (Committee on Quality of Health Care in America, Institute of Medicine,
2001; Hillestad et al., 2005; Poon et al., 2006). Growing numbers of health
care providers have implemented at least some components of HIT. The
evidence to support the high hopes for HIT has been uneven, however, with
studies showing mixed results across settings and outcome measures (Garg et al.,
2005; Harrison, Koppel, & Bar-Lev, 2007; Linder, Ma, & Bates, Middleton,
& Stafford, 2007; Sidorov, 2006; Walker et al., 2008).

Long-term care facilities have lagged behind other providers in compre-
hensive adoption of HIT (Brandeis, Hogan, Murphy, & Murray, 2007), and
existing technology may be underutilized (Liu & Castle, 2008). Furthermore,
there is a dearth of empirical research regarding the impact of HIT in nursing
homes (Brandeis et al., 2007; Subramanian et al., 2007). Our review uncov-
ered no studies that assessed the impact of HIT on resident outcomes. Despite
the lack of scientific evidence, representatives of the long-term care industry
and HIT vendors continue to assert the many benefits of HIT in long-term
care (Lourde, 2009), and widespread adoption is likely to be inevitable over
time. Given the mixed evidence in other settings, as well as the highly vulner-
able nature of nursing home residents, assessing the impact of HIT on resi-
dent outcomes should be a major priority for researchers.

It is in particular of critical importance to determine whether unintended
negative consequences for nursing home residents result from HIT introduc-
tion. Harrison et al. (2007) found “disturbingly mixed reports” on HIT out-
comes in health care settings, with research showing unanticipated negative
consequences of implementation, some of which resulted in actual harm
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(p. 542). Several of the negative consequences documented by Harrison and
colleagues could potentially affect nursing home residents, including chang-
ing or disrupting oral communication among clinicians or with patients;
causing cognitive overload for providers by emphasizing “overcomplete”
information entry; and the inflexibility of electronic records, causing lost
detail about resident conditions. Most problematic for the long-term care
context, given the importance of person-centered care (Tellis-Nayak, 2007),
is evidence of changes in the provider—patient relationship, as professionals
become more occupied with the computer and less oriented toward the patient
(Ludwick & Doucette, 2009). Thus, it is possible that HIT could lead to less
personalized and more routinized care, as well as less direct observation and
interaction with residents, and in turn to negative clinical outcomes such as
increased falls, diminished function, and dissatisfaction with care.

Because of the possibility of unanticipated negative clinical outcomes as
well as the rapid expansion of this technology in nursing homes, it is neces-
sary to begin efforts to evaluate the impact of HIT implementation. The pur-
pose of the present study was to examine outcomes among nursing home
residents, using a prospective, quasi-experimental design that derived infor-
mation from multiple sources. To determine the impact of HIT on measurable
resident outcomes, we used two approaches. First, we examined subjective
resident responses to the introduction of HIT in the nursing home, including
the degree to which residents were aware of the change and the perceived
impact on their care. Second, we compared intervention and comparison
groups on strategically selected clinical and quality of life outcome variables,
measured at two time-points approximately 9 months apart. The study repre-
sents to our knowledge the first evaluation of HIT in long-term care using
direct research assessments of residents.

Method
Setting and Facility Selection

In 2006, the New York State Legislature approved funding to support a dem-
onstration project of the adoption and implementation of HIT in a group of
nursing homes in the New York City metropolitan area. Because this dem-
onstration project resulted from a collective bargaining agreement between
the employee union and a consortium of nursing home operators, the poten-
tial facilities were restricted to the 120 unionized, for-profit facilities partici-
pating in the bargaining agreement. A “Quality Care Oversight Committee”
(QCOC) was formed with provider and union representation to oversee the
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implementation and ongoing management of the project. Twenty facilities
were selected to receive HIT based on several criteria, including ensuring
diversity of location, readiness of the facility to adopt the technology, and
commitment to paying for the technology after the demonstration concluded.
The first facility began implementation in spring 2007, and implementation
in all facilities was complete by early 2008.

The investigators conducted an entirely independent evaluation of the
impact of HIT on residents. Five of the 20 facilities receiving HIT were selected
as intervention sites because resources available to the study did not allow for
the very intensive resident assessments to take place in all 20 facilities. In addi-
tion to the intervention facilities, five comparison facilities were purposively
selected from the remaining 100 facilities of the original pool of 120 so as to
maximize comparability with the intervention facilities. Comparability was
based on the following criteria: size, location in the same area (e.g., borough),
number of licensed nursing staff hours per resident day, and number of survey
deficiencies. In addition to similarity in location and for-profit status, compari-
son and intervention facilities were generally well matched, with similar bed
sizes (M = 246.17 for the comparison and M = 238.00 for the intervention
group), number of deficiencies (M = 5.50 for the comparison and M = 4.20 for
the intervention group), and nursing hours (M = 71.00 minutes for the compari-
son and M = 63.75 minutes for the intervention group).

Resident Selection and Recruitment

Figure 1 shows the design and participant flow during the study. A total of
761 residents were assessed at Time 1, prior to the implementation of HIT
in the intervention facilities. At Time 2, 482 residents were assessed. The
primary reasons that residents were not assessed at Time 2 were death of
the resident or progression of dementia to the stage that the resident could
not participate. A number of residents were discharged from the facilities,
and their ultimate status (including whether or not still alive) is unknown.
Very few residents refused the interview at either time point. The primary
analysis was conducted using an intent-to-treat approach, with inclusion of
all residents with Time 1 data. There were no significant differences in
demographic characteristics such as gender and education between com-
pleters and noncompleters. However, as would be expected, completers
were somewhat younger than noncompleters (78.4 years vs. 81.1 years;
p =.001). At baseline, residents were blind to their own treatment assign-
ment (and to the actual existence of a treatment and evaluation). Baseline
data were completed approximately 1 month prior to implementation of the
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Figure I. Study enrollment

intervention in each facility and 9 months later (and at similar points for
the comparison facilities).

Intervention

In the HIT intervention facilities, a formal “kickoff” and training period
preceded the introduction of HIT. The HIT intervention was comprehensive,
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converting most facility records to electronic records. The system allowed
for scheduling and mobile capture of assessments, interventions, and treat-
ments, as well as online entry of progress notes by discipline. It further allowed
for real-time reporting of sentinel events, quality indicators, and quality mea-
sures. Secure, wireless, and “ruggedized” PDAs for use by CNAs and nurses
allowed access to resident records at any location on the job and enabled staff
to enter orders or chart information at bedside or anywhere in the facility.
Desktop personal computers were configured on every nursing station and
within every department for clinical management. The system also included
computerized physician order entry, allowing physicians to securely approve
orders and access medical records remotely. Conversion of the facility from
paper to electronic records took on average 3 months, and all systems were
fully operational during the evaluation period.

Outcome Variables

This evaluation focuses on the impact of HIT introduction on resident out-
comes. It is also likely that HIT implementation affects process quality; that
is, the quality of the care performed by staff. Changes in care processes could
in turn affect resident outcomes. Thus, the ideal model for a study such as
this implies a comprehensive analysis, with examination of both direct and
indirect effects. However, the resources available for this study did not per-
mit both an evaluation of resident outcomes involving in-depth personal
assessments and an evaluation of changes in care processes. We determined
that assessing outcome quality was the most pressing task given the current
state of knowledge. Because of the vulnerability of nursing home residents,
it is possible that any major change in resident care could have negative
impacts on quality, and examining resident outcomes in this initial study
appears the most critical priority. Therefore, only an analysis of direct effects
is undertaken here.

To assess the potential impact of the introduction of HIT in nursing homes,
we examined a number of prespecified resident outcomes. It is important to
note that guidance from prior research as to the selection of outcome variables
was not available, given that longitudinal assessment of HIT implementation in
nursing homes has not been conducted previously. Furthermore, the research
on acute and ambulatory care settings has focused on a narrow range of process
outcomes, such as medication errors, infection due to medical care, and adher-
ence to care guidelines for specific disease conditions (Kazley & Orzcan,
2008). Although such outcomes are appropriate in those settings where contact
with patients is short term, the nursing home is a long-term residential
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environment in which more global quality of care and satisfaction outcomes
are particularly salient (Kane, 2003). For the purposes of this study, we included
two categories of outcomes to assess the impact of HIT on residents.
Resident Satisfaction. A goal of the study was to determine effects on resi-
dents’ subjective assessments of quality of life, including whether residents
reported any positive or negative aspects of the introduction of HIT in their
facility. Given that studies cited earlier have found potential perceived dis-
ruption in the patient—provider relationship in acute care settings, we wished
to examine whether any such effects occurred in the nursing home setting. In
so doing, we respond to Kane’s (2003) call for inclusion of the “resident
voice” in examining factors that may affect quality of life in nursing homes.
At the end of the second wave of data collection, residents in the treatment
group were asked an initial question regarding whether they were aware of
the transition to HIT in the nursing home. They were shown a photograph of
the handheld device used in the facility, and asked: “Have you noticed the
nurses and CNAs using any handheld computerized devices, like the one
pictured here?”

In addition to the direct inquiry about reactions to the technology, we also
examined treatment and control differences in two measures of subjective
satisfaction with nursing home care. It is possible that the introduction of the
new technology could affect residents’ assessments of the care provided to
themselves as well as their overall level of satisfaction with care in the unit
on which they reside. Two established scales were employed that measure
these dimensions separately.

Satisfaction with own care. The interview included a scale about the resi-
dent’s satisfaction with his or her own care. Sample questions include “Do
you feel comfortable with the nursing assistants who take care of you?”;
“Are you satisfied with the care you get?”’; “In the past week, how worried
have you been about getting help when you need it?”” The Cronbach’s alpha
was .78 at baseline and .81 at follow-up for this sample.

Satisfaction with unit environment. The interview also contained a measure
of the resident’s overall satisfaction with the immediate living environment.
The Satisfaction with Unit Environment scale examined residents’ assess-
ments of problems with roommates, next-door neighbors, and other unit
mates. These questions sought direct information about the impact of living
in close proximity to individuals who may be cognitively impaired or behav-
iorally disturbed. Questions dealt with such issues as lack of privacy, interfer-
ence with sleep, mood of other residents, and noise and interruptions by other
residents (Teresi, Holmes, & Monaco, 1993). We included this scale because,
in addition to satisfaction with the care one receives, it is possible that
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perceived noise and nuisance in the unit as a whole might be adversely affected
by the new technology. Specifically, the mechanism for changes in this scale
could be decreases in staff time or attentiveness due to the HIT, which might
affect not only the resident’s satisfaction with his or her own care but also
more generally with the unit environment. The Cronbach’s alpha was .82 at
baseline and .86 at follow-up for this sample.

Quality Outcome Measures. We selected several outcome measures that
have been widely used to assess changes in quality of care. We focused on
generally accepted quality outcomes that could be reliably measured and that
could plausibly be expected to change over a 9-month study period. In addition,
we sought measures that have been used in previous research on the impact of
staffing (both availability and behaviors) on quality outcomes, given that changes
in staff care processes may be affected by HIT introduction (although not spe-
cifically assessed in the present study). We ruled out some commonly used
indicators (such as pressure ulcers or hospitalizations) due to the 9-month time
frame, given that incidence rates would be low (Wiener, 2003).

Four outcomes have been frequently used in the United States and interna-
tionally in studies of processes of care (including the availability and quality
of nursing care): ADL function, falls, resident mood, and behavioral symp-
toms (Arling, Kane, Mueller, Bershadsky, & Degenholtz, 2007; Du Moulin,
van Haastregt, & Hamers, 2010; Grabowski, Aschbrenner, Rome, & Bartels,
2010; Li, Cai, Mukamel, & Glance, 2010; Nakrem, Guttormsen Vinsnes,
Harkless, Paulsen, & Seim, 2009; Rubenstein, Powers, & MacLean, 2001).
In addition, mortality is regularly used as a quality indicator (Castle, 2008).
These five outcomes can be reliably measured and indicate clinically unde-
sirable outcomes that could be associated with HIT introduction.

Assessment of Outcomes

To assess the impact of HIT implementation, it is important to note that data
routinely collected as part of the Minimum Data Set (MDS) were not used in
this study because they were supplied by staff, the target of the intervention.
A primary component of the HIT intervention itself was systematically
changing the way that MDS data are collected; that is, a shift from pen-and-
paper recording to real-time electronic recording. Thus, the intervention
itself could create large, systematic changes in MDS reporting between Time 1
and Time 2 that could not be predicted or accounted for in the study.

For these reasons, the data collection process involved directly assessing
resident outcomes primarily through direct interview and/or observation.
Mostoutcomes were assessed using the INCARE (Institutional Comprehensive
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Assessment and Referral Evaluation), a version of the CARE originally
developed for use with community residents (Golden, Teresi, & Gurland,
1984; Gurland & Wilder, 1984), which is a multilevel-multisource instru-
ment that allows at least some assessment to be completed across all levels of
residents. In addition, an extended interview was conducted with residents
capable of taking part in it. Information was also obtained independently
from rater observation and chart review. The measurement of specific out-
come variables was as follows.
Falls. There were data on number of falls for each month of the study. We
constructed variables for average number of falls per month for the 3 months
before baseline and for the period over which the intervention took place. For
those residents who died or left the study for other reasons, the date of depar-
ture was used to determine the number of months over which the average was
computed.
Mortality. There were data on mortality for all residents over the study period.
Functional Status. Functional status was measured with the Performance
Activities of Daily Living (PADL) scale, a 27-item scale that measures an indi-
vidual’s inability to perform activities of daily living independently (Kuriansky
& Gurland, 1976). Inability to perform various upper and lower body move-
ment tasks associated with eating, dressing, and grooming, such as putting on a
sweater, buttoning and unbuttoning a sweater, guiding a spoon to the mouth,
and combing hair was assessed. Performance times were recorded, and items
are rated as to whether the task was performed with and without cueing,
or could not be performed at all. The Cronbach’s alpha measuring internal
consistency was .90 at baseline and .90 at follow-up for this sample.
Behavioral Symptoms. Rater observation was employed, in which a trained
research assistant collects a rating of behavior obtained through observations.
Each individual was observed for 5 minutes, on a total of four occasions at each
time point, using a 14-item observational measure of affect and a 37-item
measure of behavior. The observations were collected at different times for
each resident: at the interview (which could vary throughout the day), and in
morning, midday, and late afternoon. Observations were made in a wide
variety of locations, including in resident rooms, hallways, day room, and dining
area. Similarly, observations often included situations where the resident was
interacting with others, receiving care, or in activities.

Frequency of behavioral states were coded as follows: “occurs not at all”;
“occurs with very little frequency (once or twice during the observation

period)”’; “occurs with some frequency (several times)”; “occurs with moder-
99, 66

ate frequency (many times, but not continuous)”; “occurs with great frequency
(almost continuously).” In the Behavior Observation Checklist measure,
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typical items include “disruptive of others,” “repetitive questioning,” “wandering,”
“argumentative,” “asking for help,” “noisy,” “uncooperative,” and “picks/pulls
clothing.” Interrater reliability, estimated using the intraclass correlation
coefficient, ranged from .80 to .95 across samples.

Resident Mood. Residents were assessed using the Feeling Tone Question-
naire (FTQ; Toner & Teresi, 1990; Toner, Teresi, Gurland, & Tirumalasetti,
1999). The psychometric properties of this measure have been examined in
large-scale studies of depression in residents of nursing homes (Teresi, Abrams,
& Holmes, 2000; Teresi, Abrams, Holmes, Ramirez, & Eimicke, 2001). The
FTQ contains 16 questions asked directly of the resident. Typical items are
“Are you feeling well?”; “Are you feeling happy today?”; “Do you feel
lonely?”; “Do you have a good appetite?”; “Do you sleep well?”” Each item is
coded “yes,” “no,” or “equivocal (sometimes, it depends).” Each verbal
response made by the resident is also rated by the interviewer for affect, using
a 5-point continuum from 1 (laughs, praises, enthusiastic, emphatically posi-
tive) to 5 (extreme negative—cries, groans, curses, is negative). As has been
commonly done in previous studies, we used the total scale that combines
the responses and affect ratings. The Cronbach’s alpha for the FTQ for this
sample was .79 at baseline and .81 at follow-up. In addition to the FTQ,
the Comprehensive Assessment and Referral Evaluation Depression scale
(Golden et al., 1984) was administered to residents capable of responding as
part of the assessment.

We also collected data to be used as covariates in statistical models,
including the resident’s gender, age, and cognitive status. Cognitive status
was measured by the Comprehensive Assessment and Referral Evaluation
(CARE) Diagnostic Scale developed by Gurland and colleagues (Gurland
et al., 1977). The Cronbach’s alpha was .79 at baseline and .80 at follow-up
for this sample.

99 ¢

Statistical Models and Methods

The primary purpose of the analysis was the evaluation of the HIT interven-
tion by examining treatment differences between intervention and compari-
son groups for the outcomes described previously. The outcome variables
were measured at baseline prior to the intervention and follow-up 9 months
later. The intervention took place over the 9-month interval between assess-
ments. A 2 x 2 repeated measures design (Treatment x Time) forms the core
of the statistical models for evaluation of the intervention.

Analyses were carried out using general linear mixed models, with treatment
and time included as levels of fixed classification factors and individuals
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included as levels of a random factor. Facilities were included in the model as
levels of an additional random classification factor, taking into account variance
associated with facilities and that residents are grouped by facilities. This allows
inferences to the population of facilities from which we sampled although the
number of facilities in the study is small and estimates of variances are not
precise. The model also included the Treatment x Time interaction and sex, age,
and cognitive status of the resident. The cognitive variable was treated as a time-
varying covariate. The key test in the examination of intervention effects is
the test of the interaction of the factors for treatment and time. Three covariates
were included in the models: age, gender, and cognition.

The falls variable (average number of falls per month) was analyzed in the
same repeated-measures model as described for the INCARE variables (the
repeated measures classification factor is the 3 months prior to baseline vs.
the 9 months following). The mortality data (whether the resident died or did
not) were analyzed in a logistic-linear model with binomial error with the
same model factors as for the preceding models except omitting time and the
Treatment x Time interaction, which are not relevant to this model because
death is based on status at 9 months after baseline.

Tables 2 and 3 show separate analyses for seven outcome variables (mor-
tality, N="761, is not shown in a table), with each outcome variable presented
in two sections, the first with three rows and the second with six rows (exclud-
ing headings). The first section shows least squares means for the treatment-by-
time interaction, contrasts on these LS means, and in parentheses probabilities
for the tests of these contrasts. The lower-right cell for each variable gives the
probability for the test of the Treatment x Time interaction, which is the test
of treatment effect. This section is the focus of interest in the evaluation. The
second section shows the lines of the analysis for the fixed effects, with esti-
mates, standard errors, and ps. Each effect and the least squares means are
adjusted for all other variables in the model.

Results
Participants

The treatment group included 428 residents and the comparison group
333 residents (sample sizes in the tables vary due to missing data). A descrip-
tion of both groups is provided in Table 1, including demographic and
outcome variables. Despite the lack of random assignment, the groups were
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Table I. Characteristics of Residents in the Study Arms at Time |

Control Treatment
N % N %

Age M (SD) 333 79.6 (11.4) 428 79.2 (10.3)
Gender

Male 106 31.83 156 36.45
Race/ethnicity

Black 76 22.82 158 36.927%*
Hispanic 28 841 65 15.19
White 209 62.76 196 45.79
Education (years) M (SD) 167 11.0 (3.5) 300 10.6 (3.8)
FTQ Total M (SD) 324 58.7 (6.4) 424 57.3 (7.4)**
Average number of falls M (SD) 333 0.09 (0.26) 428 0.06 (0.16)
Total satisfaction with long-term 207 3.0 (3.5) 245 3.53.9)

care living M (SD)
Satisfaction with care M (SD) 202 2.4 (2.5) 241 2.1 (2.3)
CARE Diagnostic Scale M (SD) 319 5.9 (3.0 416 5.9 (3.0
PADL Total Scale M (SD) 234 1.4 (3.5) 318 2.0 (4.0)
Observed Behavior Scale M (SD) 333 4.7 (2.8) 428 4.9 (2.5)

*p <.05.%%p < .01.¥p < .001.

substantially equivalent on all baseline characteristics, except for race/
ethnicity and the FTQ score (see Table 1).

Resident Satisfaction

As noted earlier, at Time 2 residents were shown a photograph of the hand-
held device used by staff and asked if they were aware of its use. A total of
124 residents (51%) answered affirmatively and were asked a series of
questions about their opinion on the effects of the technology. The fact that
only half of residents interviewed were even aware of a change in care is
worth noting, suggesting that for many residents the impact of the technology
was so minimal as to be unnoticed.

The response from residents who were aware of the change to HIT was
generally positive. Nearly three quarters (70.8%) of these respondents agreed
that “the handheld device helps staff to better manage my care.” A similar
percentage (72.8%) reported that they are “pleased that staff use the handheld
devices to better track and manage my care.” Over two thirds of residents
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(69.3%) reported that staff using the handhelds did not interfere with the time
they spent with him or her. Finally, residents were asked to rate changes in
their care since the introduction of HIT in the facility. The majority (62.2%)
felt that the care had stayed the same, and 30.6% believed that it improved;
only 7.1% felt that it had declined. Thus, from the resident perspective, use of
the computerized technology does not appear overall to have led to resident
dissatisfaction or poor communication.

In addition to directly asking about impact on care, we compared treatment—
control differences between the pretest and posttest on the two scales measur-
ing resident satisfaction. As shown in Table 2, no significant differences
were found on either of these measures, again supporting the finding that the
HIT implementation did not negatively affect residents’ subjective assess-
ments of care.

Effect of HIT Intervention on Resident Outcomes

For all other outcome variables except one, there were no statistically sig-
nificant effects of the HIT intervention (Table 3). That is, the changes over
time between before and after the introduction of HIT did not differ between
the treatment and control facilities. There was also no treatment effect for
mortality (p = .94), with estimated control and treatment means of 0.081 and
0.078, respectively (not shown in table). A negative treatment effect was
found on one outcome: the measure of observed behavior. Residents in the
treatment facilities experienced an increase in observed disruptive behaviors,
whereas a reduction over time in the control facilities was observed.

Discussion

This study conducted personal assessments of nursing home residents in five
treatment and five comparison facilities, using a range of measures with
demonstrated reliability and validity. Time 1 assessments were conducted
shortly before HIT was introduced, and Time 2 assessments were conducted
approximately 9 months later. Changes that occurred in the treatment facili-
ties were compared to those in the control facilities. With one exception,
there was no statistically significant impact of the introduction of HIT on
residents for a number of clinical and quality of life outcomes. For one vari-
able, a statistically significant negative effect was found, with comparison
facilities showing improvement on a measure of behavioral disturbances,
whereas the treatment facilities showed no change. Without detailed
observational data on the effect of HIT on staff behaviors, it is not possible
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to determine the mechanism for this finding. Further research is needed to
determine whether there is a relationship between HIT and behavioral issues
and what mechanisms underlying such a relationship might exist.

It is also important to note that this study found no measurable improve-
ment in resident condition as a result of the HIT intervention. Therefore,
claims that HIT in nursing homes will have direct benefits for residents
should be tempered by the findings of this research. Consistent with a number
of studies of HIT in acute and ambulatory care, there appears to be no demon-
strable positive effect of the technology on residents. If this finding is supported
by future research, studies of cost and efficiency will be of key importance to
make the case for HIT in nursing homes.

The findings regarding resident response to the technology are encourag-
ing. Residents who were sufficiently competent to answer direct questions
about the technology generally expressed positive sentiments about it and
were not disturbed or upset about its use. Moreover, we found no differences
between the treatment and control groups over time in overall levels of satis-
faction with the care they were receiving. However, it is worth considering
that a minority of individuals in the treatment arm did express some dissatis-
faction with the use of the handheld device (23.1% said the device interferes
with time the staff spends with them). Future studies should explore in greater
detail resident perceptions of HIT introduction.

The study has a number of limitations that point to directions for future
research. First, in this project resource limitations made it impossible exam-
ine the impact on processes of providing care (which studies of acute and
ambulatory care have emphasized). Moving from handwritten charting to
electronic health records could lead, for example, to changes in coordination
of care and thus affect common problems of nursing home residents such as
falls or behavioral disturbances (Brandeis et al., 2007). Care transitions might
be better managed with electronic access to information using HIT (Resnick,
Manard, Stone, & Alwan, 2009). Furthermore, electronic reminder prompts
may improve the responsiveness of provider behavior in nursing homes
(Field et al., 2009; Linder et al., 2007). In contrast, HIT intervention might
negatively affect time spent on paperwork and documentation; several stud-
ies from non-long-term care settings have found mixed results, with some
studies actually showing increased documentation time (Overhage, Perkins,
Tierney, & McDonald, 2001; Poissant, Pereira, Tamblyn, & Kawasumi,
2005; Tierney, Miller, Overhage, & McDonald, 1993). Studies that examine
both the impact on care processes and in turn the effects of any changes on
resident outcomes are greatly needed.
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Second, randomized assignment of facilities was not possible due to the
circumstances of the demonstration project; however, the two study arms were
equivalent on almost all baseline measures. Future studies should assess the
impact of HIT in nursing homes using randomized, controlled designs.
Second, the number of facilities was small, with five facilities in each condi-
tion. It would be ideal to include a larger number of facilities in future stud-
ies. Third, the study was limited to the New York City region and included
exclusively for-profit and unionized facilities. Although there are no grounds
for expecting that the effect of HIT introduction on resident outcomes would
systematically differ in other types of nursing homes, it remains a possibility
that future research should explore.

Finally, the study followed residents only over a 9-month period follow-
ing HIT implementation; it is possible that effects might have become more
evident over a longer period of time. It is important to note, however, that the
most negative effects would be expected over the relatively short term
because of the disruption in facility activities resulting from implementation
and adjustment to the technology. We therefore would not expect more nega-
tive outcomes over time although positive outcomes might be more likely to
be measured later. Moreover, given the high attrition rates observed in nurs-
ing home populations of frail, very old individuals, longer follow-up results
in analytic challenges.

Despite these limitations, this study represents the first attempt to assess
directly the impact on residents of the introduction of HIT in nursing homes.
It used well-established assessment methods and obtained a relatively large
sample of respondents. The results therefore have significant implications
even as we await more representative and controlled studies in the future.
Most important, based on the findings of this study, concerns about negative
outcomes for residents do not appear to be a major barrier to implementation
of HIT. The absence of any effects on key indicators such as resident mortal-
ity, ADL function, falls, and subjective measures such as satisfaction with
care, allow reasonable confidence that the intervention does not unintention-
ally harm residents. The findings from the resident perspective were also
generally positive, and use of the computerized technology does not appear
to have led to widespread resident dissatisfaction or poor communication.

The only reservation to this overall assessment based on outcomes we
examined lies in the area of observed behavior problems and the reports of
some individual residents regarding possible adverse outcomes on care deliv-
ered. It is encouraging that only a single outcome showed a negative treat-
ment effect. Furthermore, as noted earlier, it is impossible to determine the
mechanism of this effect. We therefore recommend that future investigations
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carefully measure impact on resident behavior problems and that direct care
staff be alert for any such effects.
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