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Abstract

Information technology (IT) acceptance research
has yielded many competing models, each with
different sets of acceptance determinants. In this
paper, we (1) review user acceptance literature
and discuss eight prominent models, (2) empiri-
cally compare the eight models and their exten-
sions, (3) formulate a unified model that integrates
elements across the eight models, and (4) empiri-
cally validate the unified model. The eight models
reviewed are the theory of reasoned action, the
technology acceptance model, the motivational
model, the theory of planned behavior, a model
combining the technology acceptance model and
the theory of planned behavior, the model of PC
utilization, the innovation diffusion theory, and the
social cognitive theory. Using data from four
organizations over a six-month period with three
points of measurement, the eight models ex-
plained between 17 percent and 53 percent of the
variance in user intentions to use information
technology. Next, a unified model, called the
United Theory of Acceptance and Use of Tech-
nology (UTAUT). was formulated, with four core
determinants of intention and usage, and up to
four moderators of key relationships. UTAUT was
then tested using the original data and found to
outperform the eight individual models (adjusted
R^ of 69 percent). UTAUT was then confirmed
with data from two new organizations with similar
results (adjusted f^ of 70 percent). UTAUT thus
provides a useful tool for managers needing to
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assess the likelihood of success for new techno-
logy introductions and helps them understand the
drivers of acceptance in order to proactively de-
sign interventions (including training, marketing,
etc.) targeted at populations of users that may be
less inclined to adopt and use new systems. The
paper also makes several recommendations for
future research including developing a deeper
understanding of the dynamic influences studied
here, refining measurement ofthe core constructs
used in UTAUT, and understanding the organiza-
tional outcomes associated with new technology
use.

Keywords: Theory of pianned behavior, inno-
vation characteristics, technology acceptance
model, sociai cognitive theory, unified model,
integrated modei

Introduction

The presence of computer and information tech-
nologies in today's organizations has expanded
dramaticaiiy. Some estimates indicate that, since
the 1980s, about 50 percent of all new capital
investment in organizations has been in informa-
tion technology (Westland and Clark 2000). Yet,
for technologies to improve productivity, they must
be accepted and used by employees in organi-
zations. Explaining user acceptance of new tech-
nology is often described as one of the most
mature research areas in the contemporary infor-
mation systems (IS) literature (e.g , Hu et al.
1999). Research in this area has resulted in
several theoretical models, with roots in informa-
tion systems, psychology, and sociology, that
routinely explain over 40 percent ofthe variance in
individual intention to use technology (e.g., Davis
et al. 1989; Taylor and Todd 1995b; Venkatesh
and Davis 2000). Researchers are confronted
with a choice among a multitude of models and
find that they must "pick and choose" constructs
across the models, or choose a "favored model"
and largely ignore the contributions from
alternative models. Thus, there is a need for a
review and synthesis in order to progress toward
a unified view of user acceptance.

The current work has the following objectives:

(1) To review the extant user acceptance
models: The primary purpose of this review
is to assess the current state of knowledge
with respect to understanding individual
acceptance of new information technologies.
This review identifies eight prominent models
and discusses their similarities and dif-
ferences. Some authors have previously ob-
served some of the similarities across
models.^ However, our review is the first to
assess similarities and differences across all
eight models, a necessary first step toward
the ultimate goal of the paper: the develop-
ment of a unified theory of individual accep-
tance of technology. The review is presented
in the following section.

(2) To empirically compare the eight models:
We conduct a within-subjects, longitudinal
validation and comparison of the eight
models using data from four organizations.
This provides a baseline assessment of the
relative explanatory power of the individual
models against which the unified model can
be compared. The empirical model compari-
son is presented in the third section.

(3) To formulate the Unified Theory of Accep-
tance and Use of Technology (UTAUT):
Based upon conceptual and empirical simi-
larities across models, we formulate a unified
model. The formulation of UTAUT is pre-
sented in the fourth section.

(4) To empirically validate UTAUT: An empirical
test of UTAUT on the original data provides
preliminary support for our contention that
UTAUT outperforms each of the eight original
models. UTAUT is then cross-validated using
data from two new organizations. The empiri-
cal validation of UTAUT is presented in the
fifth section.

Forexample, Moore and Benbasal (1991) adapted the
perceived usefulness and ease of use items from Davis
et al.'s (1989) TAM to measure relative advantage and
complexity, respectively, in their innovation diffusion
model.
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Figure 1. Basic Concept Underiying User Acceptance Modeis

Review of Extant User
Acceptance Models

Description of Models
and Constructs

IS research has long studied how and why indivi-
duals adopt new information technologies. Within
this broad area of inquiry, there have been several
streams of research. One stream of research
focuses on individual acceptance of technology by
using intention or usage as a dependent variable
(e.g., Compeau and Higgins 1995b; Davis et al.
1989). Other streams have focused on
implementation success at the organizational level
(Leonard-Barton and Deschamps 1988) and task-
technology fit (Goodhue 1995; Goodhue and
Thompson 1995), among others. While each of
these streams makes important and unique
contributions to the literature on user acceptance
of information technology, the theoretical models
to be included in the present review, comparison,
and synthesis employ intention and/or usage as
the key dependent variable. The goal here is to
understand usage as the dependent variable. The
role of intention as a predictor of behavior (e.g.,
usage) is critical and has been well-established in
IS and the reference disciplines (see Ajzen 1991;
Sheppard et al. 1988; Taylor and Todd 1995b).
Figure 1 presents the basic conceptual framework
underlying the class of models explaining indivi-
dual acceptance of information technology that
forms the basis of this research. Our review re-
sulted in the identification of eight key competing
theoretical models. Table 1 describes the eight

models and defines their theorized determinants
of intention and/or usage. The models hypo-
thesize between two and seven determinants of
acceptance, for a total of 32 constructs across
the eight models. Table 2 identifies four key
moderating variables (experience, voluntariness,
gender, and age) that have been found to be
significant in conjunction with these models.

Prior Model Tests and
Model Comparisons

There have been many tests of the eight models
but there have only been four studies reporting
empirically-based comparisons of two or more of
the eight models published in the major informa-
tion systems journals. Table 3 provides a brief
overview of each of the model comparison
studies. Despite the apparent maturity of the re-
search stream, a comprehensive comparison of
the key competing models has not been con-
ducted in a single study. Below, we identify five
limitations of these prior model tests and compari-
sons, and how we address these limitations in our
work.

Technology studied: The technologies that
have been studied in many of the model
development and comparison studies have
been relatively simple, individual-oriented
information technologies as opposed to more
complex and sophisticated organizational
technologies that are the focus of managerial
concern and of this study.
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N/A

V/N

Voluntarmess was not
included in the original
TRA. Although not
tested, Hartwick and
Barki (1994) suggested
that subjective norm
was more important
when system use was
perceived to be less
voluntary.

Experience was not explicitly included in
the original TRA. However, the role of
experience was empirically examined
using a cross-sectional analysis by Davis
et al. (1989). No change in the salience of
determinants was found. In contrast,
Karahanna et al. (1999) found that attitude
was more important with increasing
experience, while subjective norm became
less important with increasing experience.

Theory of
Reasoned
Action

N/AGender was not in-
cluded in the original
TAM. Empirical evi-
dence demonstrated
that perceived useful-
ness was more salient
for men while perceived
ease of use was more
salient for women
{Venkatesh and Morris
2000). The effect of
subjective norm was
more salient for women
in the early stages of
experience {i.e., a
three-way interaction).

Voluntariness was not
explicitly included in the
original TAM. Within
TAM2, subjective norm
was salient only in
mandatory settings and
even then only in cases
of limited experience
with the system (i.e., a
three-way interaction).

Experience was not explicitly included in
the original TAM. Davis et al. (1989) and
Szajna (1996), among others, have pro-
vided empirical evidence showing that
ease of use becomes nonsignificant with
increased experience.

Technology
Acceptance
Model (and
TAM2)

N/A

V/N

N/AN/AMotivational
Model
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V/NV/NV/N

Thompson et al. (1994) found that com-
plexity, affect toward use, social factors,
and facilitating conditions were all more
salient with less experience. On the other
hand, concern about long-term conse-
quences became increasingly important
with increasing levels of experience.

Model of PC
Utilization

V/N

N/AVoluntariness was not
tested as a moderator,
but was shown to have
a direct effect on
intention.

Karahanna et al. (1999) conducted a
between-subjects comparison to study the
impact of innovation characteristics on
adoption (no/low experience) and usage
behavior (greater experience) and found
differences in the predictors of adoption
vs. usage behavior. The results showed
that for adoption, the significant predictors
were relative advantage, ease of use, trial-
ability, results demonstrability, and visi-
bility. In contrast, for usage, only relative
advantage and image were significant.

Innovation
Diffusion
Theory

N/AN/A

V/NV/N

Social
Cognitive
Theory
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Participants: While there have been some
tests of each model in organizational settings,
the participants in three of the four model
comparison studies have been students—
only Plouffe et al. (2001) conducted their
research in a nonacademic setting. This
research is conducted using data collected
from employees in organizations.

Timing of measurement: In general, most of
the tests of the eight models were conducted
well after the participants' acceptance or
rejection decision rather than during the
active adoption decision-making process.
Because behavior has become routinized,
individual reactions reported in those studies
are retrospective (see Fiske and Taylor 1991;
Venkatesh et al. 2000). With the exception of
Davis et al. (1989), the model comparisons
examined technologies that were already
familiar to the individuals at the time of mea-
surement. In this paper, we examine techno-
logies from the time of their initial introduction
to stages of greater experience.

Nature of measurement: Even studies that
have examined experience have typically
employed cross-sectional and/or between-
subjects comparisons (e.g., Davis etal. 1989;
Karahanna et al. 1999; Szajna 1996; Taylor
and Todd 1995a; Thompson et al. 1994).
This limitation applies to model comparison
studies also. Our work tracks participants
through various stages of experience with a
new technology and compares all models on
all participants.

Voluntary vs. mandatory contexts: Most of
the model tests and all four model com-
parisons were conducted in voluntary usage
contexts.^ Therefore, one must use caution
when generalizing those results to the

Notable exceptions are TRA (Hartwick and Bark! 1994)
and TAM2 (Venkatesh and Davis 2000) as well as
studies that have incorporated voluntariness as a direct
effect (on intention) in order to account for perceived
nonvoluntary adoption (e.g., Agarwal and Prasad 1997;
Karahanna et al. 1999; Moore and Benbasat 1991).

mandatory settings that are possibly of more
interest to practicing managers. This re-
search examines both voluntary and man-
datory implementation contexts.

Empirical Comparison of the
Eight Models ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

Settings and Participants

Longitudinal field studies were conducted at four
organizations among individuals being introduced
to a new technology in the workplace. To help
ensure our results would be robust across
contexts, we sampled for heterogeneity across
technologies, organizations, industries, business
functions, and nature of use (voluntary vs.
mandatory). In addition, we captured perceptions
as the users' experience with the technology
increased. At each firm, we were able to time our
data collection in conjunction with a training
program associated with the new technology
introduction. This approach is consistent with
prior training and Individual acceptance research
where individual reactions to a new technology
were studied (e.g., Davis et al. 1989; Olfman and
Mandviwalla 1994; Venkatesh and Davis 2000).
A pretested questionnaire containing items mea-
suring constructs from all eight models was
administered at three different points in time:
post-training (TI), one month after implementation
(T2), and three months after implementation (T3).
Actual usage behavior was measured over the six-
month post-training period. Table 4 summarizes
key characteristics of the organizational settings.
Figure 2 presents the longitudinal data collection
schedule.

Measurement

A questionnaire was created with items validated
in prior research adapted to the technologies and
organizations studied. TRA scales were adapted
from Davis et al. (1989); TAM scales were
adapted from Davis (1989), Davis et al. (1989),

MIS Quarterly Vol. 27 No. 3/September 2003 437
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X
Training

Figure 2.

0
User

Reactions

1 week

X
System

Use

0
User

Reactions/
Usage

Measurement
1 month

X
System

Use

Longitudinal Data Collection Schedule

0
User

Reactions/
Usage

Measurement
3 months

X
System

Use

0
Usage

Measurement

6 months

Table 4. Description of Studies

Study Industry
Functional

Area
Sample

Size System Description
Voluntary Use

la

1b

Entertainment

Telecomm
Services

Product
Development

Sales

54

65

Online meeting manager that could be
used to conduct Web-enabled video or
audio conferences in lieu of face-to-face
or traditional phone conferences

Database application that could be used
to access industry standards for particular
products in lieu of other resources (e.g.,
technical manuals, Web sites)

Mandatory Use

2a

2b

Banking

Public
Administration

Business
Account

Management

Accounting

58

38

Portfolio analyzer that analysts were
required to use in evaluating existing and
potential accounts

Proprietary accounting systems on a PC
platform that accountants were required
to use for organizational bookkeeping

and Venkatesh and Davis (2000); MM scales were
adapted from Davis et ai. (1992); TPB/DTPB
scales were adapted from Taylor and Todd
(1995a, 1995b); MPCU scales were adapted from
Thompson et al. (1991); IDT scales were adapted
from Moore and Benbasat (1991); and SCT scales
were adapted from Compeau and Higgins (1995a,
1995b) and Compeau et al. (1999). Behavioral
intention to use the system was measured using
a three-item scale adapted from Davis et al.
(1989) and extensively used in much of the
previous individual acceptance research. Seven-
point scales were used for all of the aforemen-
tioned constructs' measurement, with 1 being the
negative end of the scale and 7 being the positive
end of the scale. In addition to these measures.

perceived voluntariness was measured as a
manipulation check per the scale of Moore and
Benbasat (1991), where 1 was nonvoluntary and
7 was completely voluntary. The tense of the
verbs in the various scales reflected the timing of
measurement: future tense was employed at T I ,
present tense was employed at T2 and T3 (see
Karahanna et al. 1999). The scales used to mea-
sure the key constructs are discussed in a later
section where we perform a detailed comparison
(Tables 9 through 13). A focus group of five
business professionals evaluated the question-
naire, following which minor wording changes
were made. Actual usage behavior was mea-
sured as duration of use via system logs. Due to
the sensitivity of usage measures to network
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availability, in all organizations studied, the system
automatically logged off inactive users after a
period of 5 to 15 minutes, eliminating most idle
time from the usage logs.

Results

The perceptions of voluntariness were very high in
studies la and 1b ( la: M = 6.50, SD = 0.22; 1b:
M = 6.51. SD = 0.20) and very low in studies 2a
and 2b ( la: M = 1.50, SD = 0.19; 1b: M = 1.49.
SD = 0.18). Given this bi-modal distribution in the
data (voluntary vs. mandatory), we created two
data sets: (1) studies 1a and 1b, and (2) studies
2a and 2b. This is consistent with Venkatesh and
Davis (2000).

Partial least squares (PLS Graph, Version
2.91.03.04) was used to examine the reliability
and validity of the measures. Specifically, 48
separate validity tests (two studies, eight models,
three time periods each) were run to examine
convergent and discriminant validity. In testing
the various models, only the direct effects on
intention were modeled as the goal was to
examine the prediction of intention rather than
interrelationships among determinants of inten-
tion; further, the explained variance (R^) is not
affected by indirect paths. The loading pattern
was found to be acceptable with most loadings
being .70 or higher. All internal consistency
reliabilities were greater than .70. The patterns of
results found in the current work are highly con-
sistent with the results of previous research.

PLS was used to test all eight models at the three
points of measurement in each of the two data
sets. In all cases, we employed a bootstrapping
method (500 times) that used randomly selected
subsamples to test the PLS model.'' Tables 5 and
6 present the model validation results at each of
the points of measurement. The tables report the
variance explained and the beta coefficients. Key

* The interested reader is referred to a more detailed
exposition of bootstrapping and how it compares to other
techniques of resampling such as jackknifing (see Chin
1998; Efron and Gong 1983).

findings emerged from these analyses. First, all
eight models explained individual acceptance,
with variance in intention explained ranging from
17 percent to 42 percent. Also, a key difference
across studies stemmed from the voluntary vs.
mandatory settings—in mandatory settings (study
2), constructs related to social influence were
significant whereas in the voluntary settings (study
1), they were not significant. Finally, the deter-
minants of intention varied over time, with some
determinants going from significant to nonsigni-
ficant with increasing experience.

Following the test of the baseline/original specifi-
cations of the eight models (Tables 5 and 6). we
examined the moderating influences suggested
(either explicitly or implicitly) in the literature—i.e.,
experience, voluntariness, gender, and age
(Table 2). In order to test these moderating influ-
ences, stay true to the model extensions
(Table 2), and conduct a complete test of the
existing models and their extensions, the data
were pooled across studies and time periods.
Voluntariness was a dummy variable used to
separate the situational contexts (study 1 vs.
study 2); this approach Is consistent with previous
research (Venkatesh and Davis 2000). Gender
was coded as a 0/1 dummy variable consistent
with previous research (Venkatesh and Morris
2000) and age was coded as a continuous vari-
able, consistent with prior research (Morris and
Venkatesh 2000). Experience was operationa-
lized via a dummy variable that took ordinal values
of 0, 1. or 2 to capture increasing levels of user
experience with the system (TI. T2, and T3).
Using an ordinal dummy variable, rather than
categorical variables, is consistent with recent
research (e.g., Venkatesh and Davis 2000).
Pooling the data across the three points of mea-
surement resulted in a sample of 645 (215 ^ 3).
The results of the pooled analysis are shown in
Table 7.

Because pooling across time periods allows the
explicit modeling of the moderating role of exper-
ience, there is an increase in the variance ex-
plained in the case of TAM2 (Table 7) compared
to a main effects-only model reported earlier
(Tables 5 and 6). One of the limitations of pooling
is that there are repeated measures from the
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Table 5. Study 1: Predicting Intention in Voluntary Settings

Models

TRA

TAM/
TAM2

MM

TPB/
DTPB

C-TAM-
TPB

MPCU

IDT

SCT

Independent variables

Attitude toward using tech.

Subjective norm

Perceived usefulness

Perceived ease of use

Subjective norm

Extrinsic motivation

Intrinsic motivation

Attitude toward using tech.

Subjective norm

Perceived behavioral control

Perceived usefulness

Attitude toward using tech.

Subjective norm

Perceived behavioral control

Job-fit

Complexity (reversed)

Long-term consequences

Affect toward use

Social factors

Facilitating conditions

Relative advantage

Ease of use

Result demonstrability

Trialability

Visibility

Image

Compatibility

Voluntariness

Outcome expectations

Self-efficacy

Affect

Anxiety

TImel (N = 119)

R=

.30

.38

.37

.37

.39

.37

.38

.37

Beta

.55'"

.06

.55*"

.22**

.02

.50*"

.22"

.52"'

.05

.24'*'

.56**'

.04

.06

.25"*

.54'"

.23"'

.06

.05

.04

.05

.54'"

.26**

.03

.04

.06

.06

.05

.03

.47**'

.20*"

.05

-.17'

Time 2 (N = 119)

R̂

.26

.36

.36

.25

.36

.36

.37

.36

Beta

. 5 1 ' "

.07

.60'"

.03

.06

.47'"

.22"

.50"'

.04

.03

.60'"

.03

.04

.02

.60"*

.04

.04

.05

.07

.06

.61"*

.02

.04

.09

.03

.05

.02

.04

.60'*'

.03

.03

.04

Time 3 (N = 119)

R̂

.19

.37

.37

.21

.39

.38

.39

.36

Beta

.43"*

.08

. 6 1 " '

.05

.06

.49"*

.24'"
,44-**

.05

.02

.63" '

.05

.03

.03

.62 " '

.04

.07

.04

.06

,04

.63*"

.07

.06

.08

.06

.07

.04

.03

.60*"

.01

.04

.06

Notes: 1. 'p < .05; " p < .01; " ' p < .001.
2. When the data were analyzed separately for studies 2a and 2b. the pattern of results

very similar.
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Table 6. Study 2: Predicting Intention in Mandatory Settings

Models

TRA

TAM/
TAM2

MM

TPB/
DTPB

C-TAM-
TPB

MPCU

IDT

SCT

Independent variables

Attitude toward using tech.

Subjective norm

Perceived usefulness

Perceived ease of use

Subjective norm

Extrinsic motivation

Intrinsic motivation

Attitude toward using tech.

Subjective norm

Perceived behavioral control

Perceived usefulness

Attitude toward using tech.

Subjective norm

Perceived behavioral control

Job-fit

Complexity (reversed)

Long-term consequences

Affect toward use

Social factors

Facilitating conditions

Relative advantage

Ease of use

Result demonstrability

Trialability

Visibility

Image

Compatibility

Voluntariness

Outcome expectations

Self-efficacy

Affect

Anxiety

Time 1 {N = 96)

R̂

.26

.39

.38

.34

.36

.37

.38

.38

Beta

.27*"

.20"

.42*"

.21*

.20*

.47"*

. 2 1 "

.22'

.25"*

.19*

.42'"

.07

.20*

.19'

.42"'

.20*

.07

.01

.18'

.05

.47*"

.20'

.03

.05

.04

.18*

.06

.02

.46"'

.19"

.06

-.18'

Time 2 (N = 96}

R̂

.26

.41

.40

.28

.35

.40

.42

.39

Beta

.28"*

. 2 1 "

.50*"

.23"

.03

.24"

. 36 ' "

.26"

.03

. 5 1 ' "

.08

.23*'

.11

.50"'

.02

.07

.05

.23"

.07

. 52 " '

.04

.07

.04

.04

.27"

.02

.06

. 44 ' "

. 2 1 " *

.04

-.16'

Time 3 (N = 96)

R'

.17

.36

.35

.18

.35

.37

.37

.36

Beta

,40**'

.05

.60'"

.03

.04

.44"'

.19"

.43"'

.05

.08

.60"*

.04

.03

.09

.61*"

.04

.07

.04

.02

.07

.61""

.04

.04

.04

.01

.05

.04

.03

.60 ' "

.03

,05

.02

Notes: 1. *p < .05; " p < .01; '**p < .001.
2. When the data were analyzed separately for studies 2a and 2b, the pattern of results was

very similar.
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Table 7. Predicting Intention—Model Comparison Including Moderators: Data
Pooled Across Studies (N = 645)

Model

TRA

TAM

Version

1

2a
TAM2

2b
TAM
incl.
gender

Independent Variables

Attitude (A)

Subjective norm (SN)

Experience (EXP)

Voluntariness (VOL)

Ax EXP

SN X EXP

SN X VOL

Perceived usefulness (U)

Perceived ease of use (EOU)

Subjective norm (SN)

Experience (EXP)

Voluntariness (VOL)

EOU X EXP

SN X EXP

SN X VOL

EXP X VOL

SN X EXP X VOL

Perceived usefulness (U)

Percd. ease of use (EOU)

Subjective norm (SN)

Gender (GDR)

Experience (EXP)

U X GDR

EOU X GDR

SN X GDR

SN X EXP

EXP X GDR

SN X GDR X EXP

R̂

.36

.53

.52

Beta

.41*"

.11

.09

.04

.03

-.17'

.17'

.48*"

.11

.09

.06

.10

-.20*'

-.15

-.16*

.07

-.18"

.14*

.08

.02

.11

.07

, 3 1 " '

-.20"

.11

.02

.09

,17"

Explanation

Direct effect

Effect decreases with Increasing
experience

Effect present only in mandatory
settings

Direct effect

Effect decreases with increasing
experience

Cannot be interpreted due to
presence of higher-order term

Effect exists only in mandatory
settings but decreases with
increasing experience

Cannot be interpreted due to
presence of interaction term

Effect is greater for men

Effect is greater for women

Effect is greater for women but
decreases with increasing
experience
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Table 7. Predicting Intention—Model Comparison Including Moderators: Data
Pooled Across Studies (N = 645) (Continued)

Model

MM

TPB/
DTPB

Version

3

4a
TPB
inci, voi

4b
TPB
incl.
gender

4c
TPB
incl.
age

Independent Variables

Extrinsic motivation

Intrinsic motivation

Attitude (A)

Subjective norm (SN)

Percd. behrl. control (PBC)

Experience (EXP)

Voluntariness (VOL)

SN X EXP

SN X VOL

Attitude (A)

Subjective norm (SN)

Percd. behri, control (PBC)

Gender (GDR)

Experience (EXP)

Ax GDR

SN X EXP

SN X GDR

PBC X GDR

PBC X EXP

GDR X EXP

SN X GDR X EXP

PBC X GDR X EXP

Attitude (A)

Subjective norm (SN)

Percd. behrl. control (PBC)

Age (AGE)

Experience (EXP)

Ax AGE

SN X EXP

SN X AGE

PBC X AGE

R̂

,38

,36

,46

.47

Beta

,50***

,20***

.40*"

.09

.13

.10

.05

-.17**

,17"

.17***

.02

.10

,01

,02

,22*"

-.12

,10

.07

,04

,15*

-.18"

-16*

,17""

,02

,10

,01

.02

-.26***

-.03

.11

, 2 1 "

Explanation

Direct effect

Direct effect

Direct effect

Effect decreases with increasing
experience

Effect present only in mandatory
settings

Cannot be interpreted due to
presence of interaction term

Effect is greater for men

Term included to test higher-
order interactions below

Both SN and PBC effects are
higher for women, but the effects
decrease with increasing
experience

Cannot be interpreted due to
presence of interaction term

Effect is greater for younger
workers

Effect is greater for older
workers
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Table 7. Predicting Intention—Model Comparison Including Moderators: Data
Pooled Across Studies (N = 645) (Continued)

Model

C-
TAM-
TPB

MPCU

IDT

Version

5

6

7

Independent Variables

AGE X EXP

SN X AGE X EXP

Perceived usefulness (U)

Attitude (A)

Subjective norm (SN)

Perceived beholder control
(PBC)

Experience (EXP)

UxEXP

Ax EXP

SN X EXP

PBC X EXP

Job-fit (JF)

Complexity (CO) (reversed)

Long-term consequences (LTC)

Affect toward use (ATU)

Social factors (SF)

Facilitating condns. (FC)

Experience (EXP)

CO X EXP (CO—reversed)

LTC X EXP

ATU X EXP

SF X EXP

FC X EXP

Relative advantage (RA)

Ease of use (EU)

Result demonstrability (RD)

Trialability (T)

Visibility (V)

Image (1)

Compatibility (COMPAT)

Voluntariness of use (VOL)

R̂

.39

.47

.40

Beta

.15*

- 1 8 "

.40***

,09

.08

.16*

.11

.01

,08

-.17*

-.19**

,40***

.07

.02

.05

.10

,07

.08

-.17*

.02

,01

-,20"*

.05

.49*"

.05

.02

.04

.03

.01

.06

,11

Explanation

Term included to test higher-
order interaction below

Effect is greater for older
workers, but the effect
decreases with increasing
experience

Direct effect

Cannot be interpreted due to
presence of interaction term

Effect decreases with increasing
experience

Effect decreases with increasing
experience

Direct effect

Effect decreases with increasing
experience

Effect decreases with increasing
experience

Direct effect
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Table 7. Predicting Intention—Model Comparison Including Moderators: Data
Pooled Across Studies (N = 645) (Continued)

Model

SCT

Version

8

Independent Variables

Experience (EXP)
EU X EXP

RD X EXP

V X EXP

1 X EXP

Voluntariness of use (VOL)
Outcome expectations

Self-efficacy
Affect

Anxiety

R̂

.36

Beta

.03
-.16*

.03
-.14"

-.14*

.05
44**-

.18'

.01
-.15*

Explanation

Effect decreases with increasing
experience

Effect decreases with increasing
experience

Effect decreases with increasing
experience

Direct effect

Direct effect

Direct effect

Notes: 1. *p < .05; " p < .01; '**p < .001.
2. The significance of the interaction terms was also verified using Ohow's test.

same individuals, resulting in measurement errors
that are potentially correlated across time.
However, cross-sectional analysis using Chow's
(1960) test of beta differences (p < .05) from each
time period (not shown here) confirmed the
pattern of results shown in Table 7. Those beta
differences with a significance of p < .05 or better
(when using Chow's test) are discussed in the
Explanation" column in Table 7. The interaction

terms were modeled as suggested by Chin et al.
(1996) by creating interaction terms that were at
the level of the indicators. For example, if latent
variable A is measured by four indicators (Al , A2,
A3, and A4) and latent variable B is measured by
three indicators (Bl , B2, and B3), the interaction
term A " B is specified by 12 indicators, each one
a product term—i.e., A l x B l , A l x B2, Al x B3,
A2 X Bi.etc.

With the exception of MM and SCT, the predictive
validity of the models increased after including the
moderating variables. For instance, the variance
explained by TAM2 increased to 53 percent and
TAM including gender increased to 52 percent
when compared to approximately 35 percent in

cross-sectional tests of TAM (without moderators).
The explained variance of TRA, TPB/DTPB,
MPCU, and IDT also improved. For each model.
we have only included moderators previously
tested in the literature. For example, in the case
of TAM and its variations, the extensive prior
empirical work has suggested a larger number of
moderators when compared to moderators sug-
gested for other models. This in turn may have
unintentionally biased the results and contributed
to the high variance explained in TAM-related
models when compared to the other models.
Regardless, it is dear that the extensions to the
various models identified in previous research
mostly enhance the predictive validity of the
various models beyond the original specifications.

In looking at technology use as the dependent
variable, in addition to intention as a key predictor,
TPB and DTPB employ perceived behavioral
control as an additional predictor. MPCU employs
facilitating conditions, a construct similar to per-
ceived behavioral control, to predict behavior.
Thus, Intention and perceived behavioral control
were used to predict behavior in the subsequent
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Table 8. Predicting Usage Behavior

Studies
la and 1b
(voluntary)
(N=119)

Studies
2a and 2b

(mandatory)
(N = 96)

Independent Variables

Behavioral intention to use (Bl)

Perceived behavioral controi (PBC)

Behavioral intention to use (Bl)

Perceived behavioral control (PBC)

Use,,

R̂

.37

.35

Beta

. 6 1 " *

.04

.58*"

.07

Use,3

R̂

.36

.37

Beta

. 60 " '

.06

.61***

.07

Use3,

R̂

.39

.39

Beta

.58"*

.17*

.56*'*

.20*

Notes: 1. Bl, PBC measured at TI were used to predict usage between time periods 1 and 2 (denoted
Use,;); Bl, PBC measured at T2 were used to predict usage between time periods 2 and 3
(Use^a); Bl, PBC measured at T3 were used to predict usage between time periods 3 and 4

2. *p < .05; ' •p< .01; ' " p < .001.

time period: intention from T1 was used to predict
usage behavior measured between T1 and T2 and
so on (see Table 8). Since intention was used to
predict actual behavior, concerns associated with
the employment of subjective measures of usage
do not apply here (see Straub et al. 1995). In
addition to intention being a predictor of use, per-
ceived behavioral control became a significant
direct determinant of use over and above intention
with increasing experience (at T3) indicating that
continued use could be directly hindered or
fostered by resources and opportunities. A neariy
identical pattern of results was found when the
data were analyzed using facilitating conditions
(from MPCU) in place of perceived behavioral
control (the specific results are not shown here).

Having reviewed and empirically compared the
eight competing models, we now formulate a
unified theory of acceptance and use of techno-
logy (UTAUT). Toward this end, we examine com-
monalities across models as a first step. Tables
5, 6, 7, and 8 presented cross-sectional tests of
the baseline models and their extensions. Several
consistent findings emerged. First, for every
model, there was at least one construct that was
significant in all time periods and that construct
also had the strongest influence—e.g., attitude in

TRA and TPB/DTPB, perceived usefulness in
TAM/TAM2 and C-TAM-TPB, extrinsic motivation
in MM, job-fit in MPCU, relative advantage in IDT,
and outcome expectations in SCT. Second,
several other constructs were initially significant,
but then became nonsignificant over time, in-
cluding perceived behavioral control in TPB/DTPB
and C-TAM-TPB, perceived ease of use in TAM/
TAM2, complexity in MPCU, ease of use in IDT,
and self-efficacy and anxiety in SCT. Finally, the
voluntary vs. mandatory context did have an
influence on the significance of constructs related
to social influence: subjective norm (TPB/DTPB,
C-TAM-TPB and TAM2), social factors (MPCU),
and image (IDT) were only significant in
mandatory implementations.

Formulation of the Unified
Theory of Acceptance and
Use of Technology
(UTAUT) ^ ^ ^ ^ ^ ^ ^ ^ ^

Seven constructs appeared to be significant direct
determinants of intention or usage in one or more
of the individual models (Tables 5 and 6). Of
these, we theorize that four constructs will play a
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Performance
Expectancy

Effort
Expectancy

Social
Influence

Facilitating
Conditions

T4//
-if///
f1

Gender

Figure 3. Research Model

Behavioral
Intention

Use
Behavior

Experience Voluntariness
of Use

significant role as direct determinants of user
acceptance and usage behavior: performance
expectancy, effort expectancy, social influence,
and facilitating conditions. As will be explained
below, attitude toward using technology, self-
efficacy, and anxiety are theorized not to be direct
determinants of intention. The labels used for the
constructs describe the essence of the construct
and are meant to be independent of any particular
theoretical perspective. In the remainder of this
section, we define each of the determinants,
specify the role of key moderators (gender, age,
voluntariness, and experience), and provide the
theoretical justification for the hypotheses.
Figure 3 presents the research model.

Performance Expectancy

Performance expectancy is defined as the degree
to which an individual believes that using the sys-
tem will help him or her to attain gains in job

performance. The five constructs from the dif-
ferent models that pertain to performance
expectancy are perceived usefulness (TAM/TAM2
and C-TAM-TPB), extrinsic motivation (MM), job-fit
(MPCU), relative advantage (IDT), and outcome
expectations (SCT). Even as these constructs
evolved in the literature, some authors acknowl-
edged their similarities: usefulness and extrinsic
motivation (Davis et al. 1989, 1992), usefulness
and job-fit (Thompson etal. 1991), usefulness and
relative advantage (Davis et al. 1989; Moore and
Benbasat 1991; Plouffe et al, 2001), usefulness
and outcome expectations (Compeau and Higgins
1995b; Davis et al. 1989), and job-fit and outcome
expectations (Compeau and Higgins 1995b).

The performance expectancy construct within
each individual model (Table 9) is the strongest
predictor of intention and remains significant at all
points of measurement in both voluntary and man-
datory settings (Tables 5, 6, and 7), consistent
with previous model tests (Agarwal and Prasad
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Table 9. Performance Expectancy: Root Constructs, Definitions, and Scales

Construct

Perceived
Usefulness
(Davis 1989; Davis et
al, 1989)

Extrinsic Motivation
(Davis etai. 1992)

Job-fit
(Thompson etal.
1991)

Definition

The degree to which a
person beiieves that using
a particular system would
enhance his or her job
performance.

The perception that users
wiii want to perform an
activity because it is per-
ceived to be instrumental
in achieving valued out-
comes that are distinct
from the activity itseif, such
as improved job perfor-
mance, pay, or promotions

How the capabilities of a
system enhance an indi-
viduai's job performance.

Items

1. Using the system in my job would
enable me to accomplish tasks more
quickly,

2, Using the system would improve my job
performance.

3, Using the system in my job would
increase my productivity,

4, Using the system would enhance my
effectiveness on the job.

5. Using the system would make it easier
to do my job.

6, 1 would find the system useful in my job.

Extrinsic motivation is operationalized using
the same items as perceived usefulness
from TAM (items 1 through 6 above).

1, Use of the system wiil have no effect on
the performance of my job (reverse
scored).

2, Use of the system can decrease the
time needed for my important job
responsibiiities.

3, Use of the system can significantly
increase the quality of output on my job.

4. Use ofthe system can increase the
effectiveness of performing job tasks.

5. Use can increase the quantity of output
for the same amount of effort.

6. Considering all tasks, the general extent
to which use of the system could assist
on the job. (different scale used for this
item).
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Table 9. Performance Expectancy: Root Constructs, Definitions, and Scales
(Continued)

Construct

Relative Advantage
(Moore and Benbasat
1991)

Outcome
Expectations
(Compeau and
Higgins 1995b;
Compeau etal. 1999)

Definition

The degree to which using
an innovation is perceived
as being better than using
its precursor.

Outcome expectations
relate to the consequences
of the behavior. Based on
empirical evidence, they
were separated into per-
formance expectations
(job-related) and personal
expectations (individual
goals). For pragmatic
reasons, four of the highest
loading items from the
performance expectations
and three of the highest
loading items from the
personal expectations
were chosen from Com-
peau and Higgins (1995b)
and Compeau et al. (1999)
for inclusion in the current
research. However, our
factor analysis showed the
two dimensions to load on
a single factor.

Items

1. Using the system enables me to
accomplish tasks more quickly.

2. Using the system improves the quality of
the work 1 do.

3. Using the system makes it easier to do
my job.

4. Using the system enhances my
effectiveness on the job.

5. Using the system increases my
productivity.

If 1 use the system...
1. 1 will increase my effectiveness on the

job.
2. 1 will spend less time on routine job

tasks.
3. 1 will increase the quality of output of my

job.
4. 1 will increase the quantity of output for

the same amount of effort.
5. My coworkers will perceive me as

competent.
6. 1 will increase my chances of obtaining a

promotion.
7. 1 will increase my chances of getting a

raise.

1998; Compeau and Higgins 1995b; Davis et al.
1992; Taylor and Todd 1995a; Thompson et al.
1991; Venkatesh and Davis 2000). However, from
a theoretical point of view, there is reason to
expect that the relationship between performance
expectancy and intention will be moderated by
gender and age. Research on gender differences
indicates that men tend to be highly task-oriented
(Minton and Schneider 1980) and, therefore, per-

formance expectancies, which focus on task
accomplishment, are likely to be especially salient
to men. Gender schema theory suggests that
such differences stem from gender roles and
socialization processes reinforced from birth
rather than biological gender per se (Bem 1981;
Bem and Allen 1974; Kirchmeyer 1997; Lubinski
et al. 1983; Lynott and McCandless 2000; Moto-
widlo 1982). Recent empirical studies outside the
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IT context (e.g., Kirchmeyer 2002; Twenge 1997)
have shown that gender roles have a strong
psychological basis and are relatively enduring,
yet open to change over tinne (see also Ashmore
1990; Eichingeretal. 1991; Feidmanand Aschen-
brenner 1983; Helson and Moane 1987).

Similar to gender, age is theorized to play a
moderating role. Research on job-related atti-
tudes (e.g., Hall and Mansfield 1975; Porter 1963)
suggests that younger workers may place more
importance on extrinsic rewards. Gender and age
differences have been shown to exist in techno-
logy adoption contexts also (Morris and Venkatesh
2000; Venkatesh and Morris 2000). In looking at
gender and age effects, it is interesting to note
that Levy (1988) suggests that studies of gender
differences can be misleading without reference to
age. Forexample, given traditional societal gen-
der roles, the importance of job-related factors
may change significantly (e.g., become sup-
planted by family-oriented responsibilities) for
working women between the time that they enter
the labor force and the time they reach child-
rearing years (e.g., Barnett and Marshall 1991).
Thus, we expect that the influence of performance
expectancy will be moderated by both gender and
age.

H1: The influence of performance ex-
pectancy on behavioral intention will
be moderated by gender and age,
such that the effect will be stronger
for men and particularly for younger
men.

Effort Expectancy

Effort expectancy is defined as the degree of ease
associated with the use ofthe system. Three con-
structs from the existing models capture the
concept of effort expectancy: perceived ease of
use (TAM/TAM2), complexity (MPCU), and ease
of use (IDT). As can be seen in Table 10, there is
substantial similarity among the construct defini-
tions and measurement scales. The similarities
among these constructs have been noted in prior
research (Davis et al. 1989; Moore and Benbasat
1991; Plouffe etal, 2001; Thompson etal. 1991).

The effort expectancy construct within each model
(Table 10) is significant in both voluntary and
mandatory usage contexts; however, each one is
significant only during the first time period (post-
training, Tl) , becoming nonsignificant over
periods of extended and sustained usage (see
Tables 5, 6, and 7). consistent with previous
research (e.g., Agarwal and Prasad 1997, 1998;
Davis etal. 1989; Thompson etal. 1991, 1994),
Effort-oriented constructs are expected to be be
more salient in the early stages of a new behavior,
when process issues represent hurdles to be
overcome, and later become overshadowed by
instrumentality concerns (Davis et al. 1989;
Szajna 1996; Venkatesh 1999).

Venkatesh and Morris (2000), drawing upon other
research (e.g., Bem and Allen 1974; Bozionelos
1996), suggest that effort expectancy is more
salient for women than for men. As noted earlier,
the gender differences predicted here could be
driven by cognitions related to gender roles (e.g.,
Lynott and McCandless 2000; Motowidio 1982;
Wong et al. 1985). Increased age has been
shown to be associated with difficulty in pro-
cessing complex stimuli and allocating attention to
information on the job (Plude and Hoyer 1985),
both of which may be necessary when using
software systems. Prior research supports the
notion that constructs related to effort expectancy
will be stronger determinants of individuals' inten-
tion for women (Venkatesh and Morris 2000;
Venkatesh et al. 2000) and for older workers
(Morris and Venkatesh 2000). Drawing from the
arguments made in the context of performance
expectancy, we expect gender, age, and exper-
ience to work in concert (see Levy 1988). Thus,
we propose that effort expectancy will be most
salient for women, particularly those who are older
and with relatively little experience with the
system.

H2: The influence of effort expectancy
on behavioral intention will be
moderated by gender, age, and
experience, such that the effect will
be stronger for women, particularly
younger women, and particularly at
early stages of experience.
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Table 10. Effort Expectancy: Root Constructs, Definitions, and Scales

Construct

Perceived Ease of Use
(Davis 1989; Davis et
al, 1989)

Complexity
(Thompson etal. 1991)

Ease of Use
(Moore and Benbasat
1991)

Definition

The degree to which a
person believes that
using a system would be
free of effort.

The degree to which a
system is perceived as
relatively difficult to
understand and use.

The degree to which
using an innovation is
perceived as being
difficult to use.

Items

1. Learning to operate the system would be
easy for me.

2. 1 would find it easy to get the system to
do what 1 want it to do,

3. My interaction with the system would be
clear and understandable,

4. 1 would find the system to be flexible to
interact with.

5. It would be easy for me to become
skillful at using the system,

6, 1 would find the system easy to use.

1, Using the system takes too much time
from my normal duties.

2. Working with the system is so
complicated, it is difficult to understand
what is going on,

3. Using the system involves too much time
doing mechanical operations (e.g., data
input).

4. It takes too long to learn how to use the
system to make it worth the effort.

1. My interaction with the system is clear
and understandable,

2. 1 believe that it is easy to get the system
to do what 1 want it to do.

3. Overall, 1 believe that the system is easy
to use.

4, Learning to operate the system is easy
for me.

Social Influence

Social influence is defined as the degree to which
an Individual perceives that important others
believe he or she should use the new system.
Social influence as a direct determinant of behav-
ioral intention is represented as subjective norm in
TRA, TAM2, TPB/DTPB and C-TAM-TPB, social
factors in MPCU, and image in IDT. Thompson et
al. (1991) used the term social norms in defining
their construct, and acknowledge its similarity to
subjective norm within TRA. While they have
different labels, each of these constructs contains

the explicit or implicit notion that the individual's
behavior is influenced by the way in which they
believe others will view them as a result of having
used the technology. Table 11 presents the three
constructs related to social influence: subjective
norm (TRA, TAM2, TPB/ DTPB, and C-TAM-TPB),
social factors (MPCU), and image (IDT).

The current model comparison (Tables 5, 6, and
7) found that the social influence constructs listed
above behave similarly. None of the social influ-
ence constructs are significant in voluntary con-
texts; however, each becomes significant when
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Table 11. Social Influence: Root Constructs, Definitions, and Scales

Construct

Subjective Norm
(Ajzen 1991; Davis etal.
1989; Fishbein and Azjen
1975; Mathieson 1991;
Taylor and Todd 1995a,
1995b)

Social Factors
(Thompson et al. 1991)

Image
(Moore and Benbasat 1991)

Definition

The person's perception
that most people who are
important to him think he
should or should not
perform the behavior in
question.

The individual's inter-
nalization of the reference
group's subjective culture.
and specific interpersonal
agreements that the indivi-
dual has made with others,
in specific social situations.

The degree to which use of
an innovation is perceived
to enhance one's image or
status in one's social
system.

Items

1. People who influence my
behavior think that 1 should use
the system.

2. People who are important to me
think that 1 should use the
system.

1. 1 use the system because of the
proportion of coworkers who use
the system.

2. The senior management of this
business has been helpful in the
use of the system.

3. My supervisor is very supportive
of the use of the system for my
job.

4. In general, the organization has
supported the use of the system.

1. People in my organization who
use the system have more
prestige than those who do not.

2. People in my organization who
use the system have a high
profile.

3. Having the system is a status
symbol in my organization.

use is mandated. Venkatesh and Davis (2000)
suggested that such effects could be attributed
to compliance in mandatory contexts that
causes social influences to have a direct effect
on intention; in contrast, social influence in
voluntary contexts operates by influencing per-
ceptions about the technology—the mech-
anisms at play here are internalization and
identification. In mandatory settings, social
influence appears to be important only in the
early stages of individual experience with the
technology, with its role eroding over time and
eventually becoming nonsignificant with sus-
tained usage (T3), a pattern consistent with the
observations of Venkatesh and Davis (2000).

The role of social influence in technology
acceptance decisions is complex and subject to
a wide range of contingent influences. Social
influence has an impact on individual behavior
through three mechanisms: compliance, inter-
nalization, and identification (see Venkatesh and
Davis 2000; Warshaw 1980). While the latter
two relate to altering an individual's belief struc-
ture and/or causing an individual to respond to
potential social status gains, the compliance
mechanism causes an individual to simply alter
his or her intention in response to the social
pressure—i.e., the individuai intends to comply
with the social influence. Prior research sug-
gests that individuals are more likely to comply
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with others' expectations when those referent
others have the ability to reward the desired
behavior or punish nonbehavior (e.g., French
and Raven 1959; Warshaw 1980). This view of
compliance is consistent with results in the
technology acceptance literature indicating that
reliance on others' opinions is significant only in
mandatory settings (Hartwick and Barki 1994),
particularly in the early stages of experience,
when an individual's opinions are relatively ill-
informed (Agarwal and Prasad 1997; Hartwick
and Barki 1994; Karahanna et al. 1999; Taylor
and Todd 1995a; Thompson etal. 1994; Venka-
tesh and Davis 2000). This normative pressure
will attenuate over time as increasing exper-
ience provides a more instrumental (rather than
social) basis for individual intention to use the
system.

Theory suggests that women tend to be more
sensitive to others' opinions and therefore find
social influence to be more salient when forming
an intention to use new technology (Miller 1976;
Venkatesh et al. 2000), with the effect declining
with experience (Venkatesh and Morris 2000).
As in the case of performance and effort expec-
tancies, gender effects may be driven by psy-
chological phenomena embodied within socially-
constructed gender roles (e.g., Lubinski et al.
1983). Rhodes' (1983) meta-analytic review of
age effects concluded that affiliation needs in-
crease with age, suggesting that older workers
are more likely to place increased salience on
social influences, with the effect declining with
experience (Morris and Venkatesh 2000).
Therefore, we expect a complex interaction with
these moderating variables simultaneously influ-
encing the social influence-intention relation-
ship.

H3: The influence of social influence
on behavioral intention will be
moderated by gender, age,
voluntariness, and experience.
such that the effect will be
stronger for women, particularly
older women, particularly in man-
datory settings in the early stages
of experience.

Facilitating Conditions

Facilitating conditions are defined as the degree
to which an individual believes that an organi-
zational and technical infrastructure exists to
support use of the system. This definition cap-
tures concepts embodied by three different con-
structs: perceived behavioral control (TPB/
DTPB, C-TAM-TPB). facilitating conditions
(MPCU), and compatibility (IDT). Each of these
constructs is operationalized to include aspects
of the technological and/or organizationai envi-
ronment that are designed to remove barriers to
use (see Table 12). Taylor and Todd (1995b)
acknowledged the theoretical overlap by
modeling facilitating conditions as a core com-
ponent of perceived behavioral control in
TPB/DTPB. The compatibility construct from
IDT incorporates items that tap the fit between
the individual's work style and the use of the
system in the organization.

The empirical evidence presented in Tables 5,
6, 7, and 8 suggests that the relationships
between each of the constructs (perceived
behavioral control, facilitating conditions, and
compatibility) and intention are similar. Specifi-
cally, one can see that perceived behavioral
control is significant in both voluntary and man-
datory settings immediately following training
(TI), but that the construct's influence on
intention disappears by T2. It has been
demonstrated that issues related to the support
infrastructure—a core concept within the facili-
tating conditions construct—are largely captured
within the effort expectancy construct which taps
the ease with which that tool can be applied
(e.g., Venkatesh 2000). Venkatesh (2000)
found support for full mediation of the effect of
facilitating conditions on intention by effort
expectancy. Obviously, if effort expectancy is
not present in the model (as is the case with
TPB/DTPB), then one would expect facilitating
conditions to become predictive of intention.
Our empirical results are consistent with these
arguments. For example, in TPB/DTPB, the
construct is significant in predicting intention;
however, in other cases (MPCU and IDT), it is
nonsignificant in predicting intention. In short.

MIS Quarierly Vol. 27 No. 3/September 2003 453



Venkatesh et al./User Acceptance of IT

Table 12. Facilitating Conditions; Root Constructs, Definitions, and Scales
Construct

Perceived Behavioral
Control
(Ajzen 1991; Taylor and
Todd 1995a, 1995b)

Facilitating Conditions
(Thompson etal. 1991)

Compatibility
(Moore and Benbasat
1991)

Definition

Reflects perceptions of
internal and external
constraints on behavior
and encompasses self-
efficacy, resource facili-
tating conditions, and
technology facilitating
conditions.

Objective factors in the
environment that
observers agree make
an act easy to do.
including the provision
of computer support.

The degree to which an
innovation is perceived
as being consistent with
existing values, needs.
and experiences of
potential adopters.

Items

1. 1 have control over using the system.
2. 1 have the resources necessary to use

the system.
3. 1 have the knowledge necessary to

use the system.
4. Given the resources, opportunities

and knowledge it takes to use the
system, it would be easy for me to use
the system.

5. The system is not compatible with
other systems 1 use.

1. Guidance was available to me in the
selection of the system.

2. Specialized instruction concerning the
system was available to me.

3. A specific person (or group) is
available for assistance with system
difficulties.

1. Using the system is compatible with
all aspects of my work.

2. 1 think that using the system fits well
with the way 1 like to work.

3. Using the system fits into my work
style.

when both performance expectancy constructs
and effort expectancy constructs are present,
facilitating conditions becomes nonsignificant in
predicting intention.

H4a: Facilitating conditions will not
have a significant influence on
behavioral intention.^

The empirical results also indicate that facilitating
conditions do have a direct influence on usage
beyond that explained by behavioral intentions
alone (see Table 8). Consistent with TPB/DTPB,
facilitating conditions are also modeled as a direct
antecedent of usage (i.e., not fully mediated by

To test the nonsignificant relationship, we perform a
power analysis in the results section.

intention). In fact, the effect is expected to
increase with experience as users of technology
find multiple avenues for help and support
throughout the organization, thereby removing
impediments to sustained usage (Bergeron et al.
1990). Organizational psychologists have noted
that older workers attach more importance to
receiving help and assistance on the job (e.g.. Hall
and Mansfield 1975). This is further underscored
in the context of complex IT use given the
increasing cognitive and physical limitations asso-
ciated with age. These arguments are in line with
empirical evidence from Morris and Venkatesh
(2000). Thus, when moderated by experience and
age, facilitating conditions will have a significant
influence on usage behavior.

H4b: The influence of facilitating con-
ditions on usage will be mode-
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rated by age arid experience,
such that the effect will be
stronger for older workers, par-
ticularly with increasing exper-
ience.

Constructs Theorized Not to Be
Direct Determinants of Intention

Although self-efficacy and anx/efy appeared to be
significant direct determinants of intention in SCT
(see Tables 5 and 6), UTAUT does not include
them as direct determinants. Previous research
(Venkatesh 2000) has shown self-efficacy and
anxiety to be conceptually and empirically distinct
from effort expectancy (perceived ease of use).
Self-efficacy and anxiety have been modeled as
indirectdeterminantsofintention fully mediated by
perceived ease of use (Venkatesh 2000). Consis-
tent W\ih this, we found that self-efficacy and
anxiety appear to be significant determinants of
intention in SCT—i.e., without controlling for the
effect of effort expectancy. We therefore expect
self-efficacy and anxiety to behave similarly, that
is. to be distinct from effort expectancy and to
have no direct effect on intention above and
beyond effort expectancy.

H5a: Computer self-efficacy will not
have a significant influence on
behavioral intention.^

H5b: Compute anxiety will not have
a significant influence on beha-
viorai intention.''

Attitude toward using technology is defined as an
individual's overall affective reaction to using a
system. Four constructs from the existing models
align closely with this definition: attitude toward
behavior (TRA, TPB/DTPB. C-TAM-TPB). intrinsic

motivation^ (MM), affect toward use (MPCU), and
affect (SCT). Table 13 presents the definitions
and associated scale items for each construct.
Each construct has a component associated with
generalized feeling/affect associated with a given
behavior (in this case, using technology). In
examining these four constructs, it is evident that
they all tap into an individual's liking, enjoyment.
joy. and pleasure associated with technology use.

Empirically, the attitude constructs present an
interesting case (see Tables 5. 6, and 7). In some
cases (e.g.. TRA, TPB/DTPB. and MM), the
attitude construct is significant across all three
time periods and is also the strongest predictor of
behavioral intention. However, in other cases (C-
TAM-TPB. MPCU. and SCT). the construct was
not significant. Upon closer examination, the
attitudinal constructs are significant only when
specific cognitions—in this case, constructs
related to performance and effort expectancies—
are not included in the model. There is empirical
evidence to suggest that affective reactions (e.g.,
intrinsic motivation) may operate through effort
expectancy (see Venkatesh 2000). Therefore, we
consider any observed reiationship between
attitude and intention to be spurious and resulting
from the omission of the other key predictors
(specifically, performance and effort expec-
tancies). This spurious relationship likely stems
from the effect of performance and effort expec-
tancies on attitude (see Davis et al. 1989). The
non-significance of attitude in the presence of
such other constructs has been reported in pre-
vious model tests (e.g., Taylor and Todd 1995a:
Thompson et al. 1991), despite the fact that this
finding is counter to what is theorized in TRA and
TPB/DTPB. Given that we expect strong relation-
ships in UTAUT between performance expectancy
and intention, and between effort expectancy and
intention, we believe that, consistent with the logic
developed here, attitude toward using technology

To test the nonsignificant relationship, we perform a
power analysis in the results section.

To test the nonsignificant relationship, we perfonm a
power analysis in the results section.

p

Some perspectives differ on the role of intrinsic
motivation. For example. Venkatesh (2000) models it as
a determinant of perceived ease of use (effort
expectancy). However, in the motivational model, it is
shown as a direct effect on intention and is shown as
such here.
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Table 13. Attitude Toward Using Technology:
Scales

Construct

Attitude Toward
Behavior
(Davis etal. 1989:
Fishbein and Ajzen
1975; Taylor and Todd
1995a, 1995b)

Intrinsic Motivation
(Davis etal. 1992)

Affect Toward Use
(Thompson et al. 1991)

Affect
(Compeau and Higgins
1995b; Compeau etal.
1999)

Definition

An individual's positive or
negative feelings about
performing the target
behavior.

The perception that users
will want to perform an
activity for no apparent
reinforcement other than
the process of performing
the activity per se.

Feelings of joy, elation, or
pleasure; or depression.
disgust, displeasure, or
hate associated by an
individual with a particular
act.

An individual's liking of
the behavior.

Root Constructs, Definitions, and

Items

1. Using the system is a bad/good idea.
2. Using the system is a foolish/wise idea.
3. 1 dislike/like the idea of using the

system.
4. Using the system is unpleasant/

pleasant.

1. 1 find using the system to be enjoyable
2. The actual process of using the system

is pleasant.
3. 1 have fun using the system.

1. The system makes work more
interesting.

2. Working with the system is fun.
3. The system is okay for some jobs, but

not the kind of job 1 want. (R)

1. 1 like working with the system.
2. 1 look forward to those aspects of my

job that require me to use the system.
3. Using the system is frustrating for me.

(R)
4. Once 1 start working on the system, 1

find it hard to stop.
5. 1 get bored quickly when using the

system. (R)

will not have a direct or interactive influence on
intention.

H5c: Attitude toward using techno-
logy will not have a significant
Infiuence on behaviorai
intention.^

Behavioral Intention

Consistent with the underlying theory for all of the
intention models'" discussed in this paper, we
expect that behavioral intention will have a
significant positive influence on technology usage.

i-i6: Behavioral intention will have a
significant positive influence on
usage.

^ To test the absence of a relationship, we perform a
power analysis in the results section.

10For example, see Sheppard et al. (1988) for an
extended review of the intention-behavior relationship.
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Empirical Validation of UTAUT

Preliminary Test of UTAUT

Using the post-training data (T1) pooled across
studies (N = 215), a measurement modei of the
seven direct determinants of intention (using ail
items that related to each of the constructs) was
estimated. All constructs, with the exception of
use, were modeled using reflective indicators. Ail
internal consistency reliabilities (ICRs) were
greater than ,70. The square roots of the shared
variance between the constructs and their mea-
sures were higher than the correlations across
constructs, supporting convergent and discri-
minant validity—see Table 14(a). The reverse-
coded affect items of Compeau and Higgins
(1995b) had loadings lower than .60 and were
dropped and the model was reestimated. With
the exception of eight loadings, all others were
greater than .70, the level that is generally con-
sidered acceptable (Fornell and Larcker 1981; see
also Compeau and Higgins 1995a, 1995b; Com-
peau etal. 1999)—see Table 15, Inter-item corre-
lation matrices (details not shown here due to
space constraints) confirmed that intra-construct
Item correlations were very high while inter-con-
struct item correlations were low. Results of
similar analyses from subsequent time periods (T2
and T3) also indicated an identical pattern and are
shown in Tables 14(b) and 14(c).

Although the structural modei was tested on all
the items, the sample size poses a limitation here
because of the number of latent variables and
associated items. Therefore, we reanalyzed the
data using only four of the highest loading items
from the measurement model for each of the
determinants; intention only employs three items
and use is measured via a single indicator.
UTAUT was estimated using data pooled across
studies at each time period (N = 215). As with the
model comparison tests, the bootstrapping
method was used here to test the PLS models.
An examination of the measurement model from
the analysis using the reduced set of items was
similar to that reported in Tables 14 and 15 in
terms of reliability, convergent validity, discrimi-
nant validity, means, standard deviations, and

correlations. The results from the measurement
model estimations (with reduced items) are not
shown here in the interest of space.

An examination of these highest loading items
suggested that they adequately represented the
conceptual underpinnings of the constructs—this
preliminary content validity notwithstanding, we
will return to this issue later in our discussion of
the limitations of this work. Selection based on
item loadings or corrected item-total correlations
are often recommended in the psychometric
literature (e.g., Nunnally and Bernstein 1994),
This approach favors building a homogenous
instrument with high internal consistency, but
could sacrifice content validity by narrowing
domain coverage," The items selected forfurther
analysis are indicated via an asterisk in Table 15,
and the actual items are shown in Table 16,

Tables 17(a) and 17(b) show the detailed model
test results at each time period for intention and
usage, respectively, including all lower-level
interaction terms. Tables 17(a) and 17(b) also
show the model with direct effects only so the
reader can compare that to a model that includes
the moderating influences. The variance ex-
plained at various points in time by a direct
effects-only model and the full model including
interaction terms are shown in Tables 17(a) and
17(b) for intention and usage behavior, respec-
tively.'^ We pooled the data across the different

Bagozzi and Edwards (1998) discuss promising new
alternatives to this approach for coping with the inherent
tension between sample size requirements and the
number of items, such as full or partial aggregation of
items.

PLS does not produce adjusted R^ we used an
alternative procedure to estimate an adjusted R^ PLS
estimates a measurement model that in turn is used to
generate latent variable obsen/ations based on the
loadings; these latent variable observations are used to
estimate the structural model using OLS, Therefore, in
order to estimate the adjusted R .̂ we used the latent
variable observations generated from PLS and analyzed
the data using hierarchical regressions in SPSS, We
report the R' and adjusted R̂  from the hierarchical
regressions. This allows for a direct comparison of
variance explained from PLS with variance explained
(both R̂  and adjusted R̂ ) from traditional OLS
regressions and allows the reader to evaluate the
variance explained-parsimony trade-off.
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Table 14. Measurement Model Estimation for the Preliminary Test of UTAUT

(a)T1 Results (N = 215)

PE

EE

ATUT

SI

FC

SE

ANX

Bl

ICR

.92

.91

.84

.88

.87

.89

.83

.92

Mean

5.12

4.56

4.82

4.40

4.17

5.01

3.11

4.07

S Dev

1.13

1.40

1.16

1.04

1.02

1.08

1.14

1.44

PE

.94

.31"**

.29"*

.30***

.18*

.14

-.10

.38***

EE

.91

.21**

-.16*

.31***

.33***

-.38***

.34***

ATUT

.86

.21**

.17*

.16*

-.40***

.25***

SI

.88

.21'*

.18**

-.20**

.35***

FC

.89

.33*"

-.18**

.19**

SE

.87

-.36***

.16*

ANX

.84

-.23"

Bl

.84

(b) T2 Results (N = 215)

PE

EE

ATUT

SI

FC

SE

ANX

Bl

ICR

.91

.90

.77

.94

.83

.89

,79

,90

Mean

4.71

5.72

5.01

3.88

3.79

5.07

3.07

4.19

S Dev

1.11

0.77

1.42

1.08

1.17

1.14

1.45

0.98

PE

.92

.30***

.25**

.27***

.19'

.24**

-.07
.41'**

EE

.90

.20**

-.19*

.31***

.35***

-.32***
.27***

ATUT

.86

.21**

.18*

.19**

-.35***
.23**

SI

.88

.20"

.21**

- . 2 1 "

.21**

FC

.86

.33"*

-.17*

.16*

SE

.75

-.35*"

.16*

ANX

.82

-.17*

Bl

.87

(c) T3 Results (N = 215)

PE

EE

ATUT

SI

FC

SE

ANX

Bl

ICR

.91

.94

.81

.92

.85

.90

.82

.90

Mean

4.88

5.88

5.17

3.86

3.50

5.19

2.99

4.24

S Dev

1.17

0.62

1.08

1.60

1.12

1.07

1.03

1.07

PE

.94

.34***

.21**

.27***

.19*

.14*

-.11
44***

EE

.91
24**

-.15
.28***

.30***
-.30***

.24**

ATUT

.79

.20**

.18*

.22**

-.30***

.20**

SI

.93

.22**

.20"

-.20**

.16'

FC

.84

.33**'

- .24"

.16*

SE

.77

-.32***

.16*

ANX

.82

-.14

Bl

.89

Notes: 1. ICR: Internal consistency reliability.
2. Diagonal elements are the square root of the shared variance between the constructs and

their measures; off-diagonal elements are correlations between constructs.
3. PE: Performance expectancy; EE: Effort expectancy; ATUT: Attitude toward using

technology; SI: Social influence; FC: Facilitating conditions; SE: Self-efficacy; ANX: Anxiety;
Bl: Behavioral intention to use the system.
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Table 15. Item Loadings from PLS (N = 215 at Each Time Period)

P
er

fo
rm

an
ce

 E
xp

ec
ta

nc
y

(P
E)

E
ffo

rt
 E

xp
ec

ta
nc

y
(E

E)
A

tti
tu

de
 T

ow
ar

d 
U

si
ng

T
ec

hn
ol

og
y 

(A
TU

T)

Items

U1
U2
U3
U4
U5
'U6

'RA1
RA2
RA3
RA4

*RA5
JF1
JF2
JF3
JF4
JF5
JF6
0E1
0E2
0 E 3
0 E 4
0 E 5
0 E 6
•0E7
E0U1
E0U2
•E0U3
E0U4
•E0U5
•E0U6

EU1
EU2
EU3
'EU4
C O I
CO2
C 0 3
C04

' A l
A2
A3

A4
IM1

IM2
!M3

'AF1
'AF2
AF3

'Affect 1
Affect2
Affect3

T1

82
.84

.81

.80

.81
,88
,87
.73
.70
.71
.86
,70
.67
.74
.73
,77
.81
.72
71
.75
.70
.72
.69
86
.90
.90
.94
.81
.91
.92
.84
.83
.89
,91
.83
,83
.81
.75
,80
.67

.64

.72

.70

.72

.73

.79

.84

.71

.82
,67

.62

T2

.81

.80

.84

.80

.78

.88

.90

.70

.69

.74

.88

.71

.73

.70

.79

.71

.78

.80
,68
,70
,72
,72
-79
.87
.89
.89
.96
.84
,90
,92
.80
88
.84
.91
.82
.78
.84
.73

.83
,64

,64
,71

.78

.72

.75

.77

.83

.70

.85

.70

.68

T3

.80

.81
,84
.84
,84
.90
.90
.79
.83
.74
.94
.69
.64
,79
.71
.73
.81
.75
.77
.70
,67
,70
.74

.90

.83

.88

.91
88
.90
.93
.84

,85
.80
.92
.81
.80
.80
.78

.85

.65

.71

.64

,72
.78

,81
.84
.84

.69

.82

.70

.64

S
oc

ia
l I

nf
lu

en
ce

(S
I)

F
ac

ili
ta

tin
g 

C
on

di
tio

ns
(F

C
)

S
el

f-E
ffi

ca
cy

(S
E

)
A

nx
ie

ty
(A

N
X

)

£ OS

Items

•SN1
'SN2
SF1
*SF2
SF3
*SF4

11
12
13

PBC1
•PBC2
*PBC3
PBC4
-PBC5

FC1
FC2
'FC3

C l

C2
C3

*SE1
SE2
SE3
•SE4
SE5
'SE6
'SE7
SE8

•ANX1
•ANX2
'ANX3
'ANX4

'BM

'BI2

*BI3

TI

.82

.83

.71

.84

.72

.80

.69

.65
-71

72
84
.81

.71

.80

.74

.78

.80

.72

.71

.78

,80
.78
.72
.80
.77
,81
.87
.70
,78
.71
,72
,74

.88

,82

.84

T2

.85

.85

.69

.80

.74

.82

.72
,76
,72
,66
,81
.81

.69

.82

.73

.77

.80

.72

.74

.77

.83

.80

.79

.84

.74
,82
-85
.69
.74
.70
,69
.72
.84

,86

,88

T3

.90

.84

.76

.90

.77
,84

,72
.70
.69
.62
.80
.82

.70

.80

.69

.64

.82

.70

.74

.70

.84

.80

.74

.84

.69

.82

.86

.72

.69
,72
,73
.77

88

.88

87

Notes: 1. The loadings at T l , T2. and T3 respectively are from separate measurement model tests and relate to
Tables 14(a). 14(b), and 14(c) respectively.

2. Extrinsic motivation (EM) was measured using the same scale as perceived usefulness (U),
3. Items denoted with an asterisk are those that were selected for inclusion in the test of UTAUT.
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Table 16. Items Used in Estimating UTAUT

Performance expectancy
U6: I would find the system useful in my job.
RA1: Using the system enables me to accomplish tasks more quickly.
RA5; Using the system increases my productivity.
0E7: If I use the system, I will increase my chances of getting a raise.

Effort expectancy
E0U3: My interaction with the system would be clear and understandable.
E0U5: It would be easy for me to become skillful at using the system.
E0U6: I would find the system easy to use.
EU4: Learning to operate the system is easy for me.

Attitude toward using technology
A l : Using the system is a bad/good idea.
AF1: The system makes work more interesting.
AF2: Working with the system is fun.
Affecti: I like working with the system.

Social influence
SN1; Peoplewhoinfluencemybehaviorthink that I should use the system.
SN2: People who are important to me think that I should use the system.
SF2: The senior management of this business has been helpful in the use of the system.
SF4: In general, the organization has supported the use of the system.

Facilitating conditions
PBC2; I have the resources necessary to use the system.
PBC3: I have the knowledge necessary to use the system.
PBC5: The system is not compatible with other systems I use.
FC3: A specific person (or group) is available for assistance with system difficulties.

Self-efficacy
I could complete a job or task using the system...
SE1; If there was no one around to tell me what to do as I go.
SE4: If I could call someone for help if I got stuck.
SE6: If 1 had a lot of time to complete the job for which the software was provided.
SE7: If I had just the built-in help facility for assistance.

Anxiety
ANX1:
ANX2:

ANX3;
ANX4;

I feel apprehensive about using the system.
It scares me to think that I could lose a lot of information using the system by hitting
the wrong key.
I hesitate to use the system for fear of making mistakes I cannot correct.
The system is somewhat intimidating to me.

Behavioral intention to use the system
BI1; I intend to use the system in the next <n> months.
BI2: I predict I would use the system in the next <n> months.
BI3: I plan to use the system in the next <n> months.
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points of measurement by converting time period
(experience) into a moderator. The column titled
Pooled Analysis" reports the results of this

analysis. Caution is necessary when conducting
such analyses and the reader is referred to
Appendix A for a discussion of the potential con-
straints of pooling. Also reported in Appendix A
are the statistical tests that we conducted prior to
pooling the data for the analysis in Table 17.

As expected, the effect of performance expec-
tancy was in the form of a three-way inter-
action—the effect was moderated by gender and
age such that it was more salient to younger
workers, particularly men, thus supporting HI .
Note that a direct effect for performance expec-
tancy on intention was observed; however, these
main effects are not interpretable due to the
presence of interaction terms (e.g., Alken and
West 1991). The effect of effort expectancy was
via a three-way interaction—the effect was moder-
ated by gender and age (more salient to women
and more so to older women). Based on Chow's
test of beta differences (p < .05), effort expectancy
was more significant with limited exposure to the
technology (effect decreasing with experience),
thus supporting H2. The effect of social influence
was via a four-way interaction—with its role being
more important in the context of mandatory use,
more so among women, and even more so among
older women. The Chow's test of beta differences
(p < .05) indicated that social influence was even
more significant in the early stages of individual
experience with the technology, thus supporting
H3. Facilitating conditions was nonsignificant as
a determinant of intention, thus supporting H4a."
As expected self-efficacy, anxiety, and attitude
did not have any direct effect on intention, thus
supporting H5a, H5b, and H5c. Three of the four

'•^Since these two hypotheses were about nonsignificant
relationships, the supportive results should be inter-
preted with caution, bearing in mind the power analysis
reported in the text. In this case, (he concern about the
lack of a reiationship is somewhat alleviated as some
previous research in this area has found attitude and
facilitating conditions to not be predictors of intention in
the presence of performance expectancy ar^d effort
expectancy constructs (see Taylor and Todd 1995b;
Venkatesh 2000).

nonsignificant determinants (i.e.. self-efficacy,
anxiety, and attitude) were dropped from the
model and the model was reestimated; facilitating
conditions was not dropped from the model
because of its role in predicting use." The re-
estimated model results are shown in Table 17.

In predicting usage behavior (Table 17b), both
behavioral intention (H6) and facilitating conditions
were significant, with the latter's effect being
moderated by age (the effect being more impor-
tant to older workers); and, based on Chow's test
of the beta differences (p < .05), the effect was
stronger with increasing experience with the
technology (H4b). Since H4a, H5a, H5b, and H5c
are hypothesized such that the predictor is not
expected to have an effect on the dependent
variable, a power analysis was conducted to
examine the potential for type II error. The likeli-
hood of detecting medium effects was over 95
percent for an alpha level of .05 and the likelihood
of detecting small effects was under 50 pecent.

Cross-validation of UTAUT

Data were gathered from two additional organi-
zations to further validate UTAUT and add
external validity to the preliminary test. The major
details regarding the two participating organi-
zations are provided in Table 18. The data were
collected on the same timeline as studies 1 and 2
(see Figure 2). The data analysis procedures
were the same as the previous studies. The
results were consistent with studies 1 and 2. The
items used in the preliminary test of UTAUT (listed
in Table 16) were used to estimate the mea-
surement and structural models in the new data.
This helped ensure the test of the same model in
both the preliminary test and this validation, thus
limiting any variation due to the changing of items.
UTAUT was then tested separately for each time

Since these two hypotheses were about nonsignificant
relationships, the supportive results should be inter-
preted with caution after consideration of the power
analyses reported in the text. The results are presented
here for model completeness and to allow the reader to
link the current research with existing theoretical
perspectives in this domain.

JW/S Quarterly Vol. 27 No. 3/September 2003 461



Venkatesh et al./User Acceptance of IT

Table 17, Preliminary Test of UTAUT
(a) Dependent Variable: Intention

R^(PLS)
R̂  (hierarchical regrn.)

Adjusted R̂  (hierarchical regrn.)

Performance expectancy (PE)
Effort expectancy (EE)
Social influence (SI)
Facilitating conditions (FC)
Gender (GDR)
Age (AGE)
Voluntariness (VOL)
Experience (EXP)
PE « GDR
PE X AGE
GDR X AGE
PE '< GDR >^ AGE
EE " GDR
EE X AGE
EE X EXP
GDR X AGE (included earlier)
GDR X EXP
AGE » EXP
EE X GDR X AGE
EE X GDR X EXP
EE X AGE X EXP
GDR X AGE X EXP
EE X GDR X AGE " EXP
SI X GDR
SI X AGE
SI X VOL
SI X EXP
GDR X AGE (included earlier)
GDR X VOL
GDR X EXP (included earlier)
AGE X VOL
AGE X EXP (included earlier)
VOL X EXP
SI X GDR X AGE
SI X GDR X VOL
SI X GDR X EXP
SI X AGE X VOL
SI X AGE X EXP
SI X VOL X EXP

Tl
(N = 215)

DONLY

.40

.39

.35

.46'*'

.20*

.13

.03

.04

.08
01

D + l

.51

.51

.46

.17*

-.12
.10
.04

,02

.02

.04

.07

.13

.07

,52—
.17-

08

Earlier

2 2 "

.11

01

.02

Earlier
.01

.00

-.10
- 0 1

- 17'

T2
(N = 215)

DONLY

,41

-41

.38

.57*'*

.08

.10

.02

,04

.09

.03

D + l

.52

.51

.46

.15*
,02
.07
.01
.01
.08
02

17-

04

.02

.55—
08

04

Earlier

20-"

00

on
.01

rarlier
04

02

.02

03

02

T3
(N = 215)

DONLY

.42

.42

.36

.59"*

.09

.07

.01

,02
,01
.04

D + l

.50

.50
,45

.16'

.11

,04

.01

.01
-.08
-.04

.Of̂

10

02

5 7 " -

09

02

Earlier

18'

.02

01

.1)2

rarli(-;r

02

06

.04

02

06

Pooled
(N = 645)

DONLY

.31

.31

.27

.53"*

.10

.11

.09

.03

.06

.02

.04

D + l

.76
,77
,69

.18'
,04
.01

.04

.01

.00

.00

.00
02

01

06

55—

02

.04

.02

Earlier
02

.01

.01

-.10
- 0 2

- 06
_ 2 7 " '

02

.02

.06

.04

Earlier
01

Earlier
02

Earlier
.02

.04

.01

01

.06

01

00
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Table 17. Preliminary Test of UTAUT (Continued)

GDR X AGE X VOL

GDR X AGE X EXP {included
earlier)
GDR X VOL X EXP
AGE X VOL X EXP
SI X GDR X AGE X VOL
GDR X AGE X VOL x EXP
SI X GDR X AGE " VOL x EXP

T1
(N = 215)

DONLY

J

!

D + l

.02

T2
(N = 215)

DONLY D + I

02

23* •

T3
(N = 215)

DONLY D + l

01

20 •

Pooled
(N = 645)

DONLY D + l

.00
Earlier

.00

.01

.04

.02
- .28" '

(b) Dependent Variable: Usage Behavior
R^(PLS)
R̂  (hierarchical regrn.)
Adjusted R̂  (hierarchical regrn.)

Behavioral Intention (Bl)
Facilitaling conditions (FC)
Age (AGE)

Experience (EXP)
FC X AGE
FC X EXP
AGE X EXP
FC X AGE X EXP

.37

.37

.36

,61*"
.05
.02

.43

.43
,41

.57"*

.07

.02

22-

.36

.36

.35

.60**-

.06

.01

.43

.43

.40

.58"'

.07

.02

24-

.39

.39

.38

.58"'
18'
(14

.44
,43
.41

.59"*

.07
13

27-*

.38

.38

.37

.59*"

.10

.53

.52

.47

.52"-

.11

.08
06
.02
.00
.01
.23"

Notes: 1. D ONLY: Direct effects only; D + l: Direct effects and interaction terms,
2. "Included earlier" indicates that the term has been listed earlier in the table, but is included again for

completeness as it relates to higher-order interaction terms being computed. Grayed out cells are not
applicable for the specific column,

Table 18. Description of Studies

Study Industry
Functional

Area

i

Sample
Size System Description

Voluntary Use

3 Financial
Services

Research 80 TInis software application was one of the
resources available to analysts to conduct
research on financial investment opportunities
and IPOs

Mandatory Use

4 Retail
Electronics

Customer
Service

53 Application that customer service representa-
tives were required to use to document and
manage service contracts
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Table 19. Measurement Model Estimation for the Cross-Validation of UTAUT

(a) T1 Results (N = 133)

PE

EE

ATUT

SI

FC

SE

ANX

Bl

ICR

.90

.90

.80

.91

.85

.85

.82

.89

Mean

4.87

3.17

2.67

4.01

3.12

4.12

2.87

4,02

S Dev

1.20

1.09

0.87

1.07

1,11

1.08

0.89

1.19

PE

.88

.30"'
28-*-

.34*"

.18*

.19"

-.17*

.43"*

EE

.93

.16*

-.21*

.30*"

.37"*

- .41*"

.31"*

ATUT

.80

.20*

.15*

.17*

.23*"

SI

.89

.14

,22**

-,22"

.31*"

FC

.84

. 41"*

-.25**

.22*

SE

.82

-.35*"
24*.

ANX

.80

-.21*"

Bl

.85

(b) T2 Results (N=133)

PE

EE

ATUT

SI

FC

SE

ANX

Bl

ICR

.90

.92

.84

,92

.88

.87

.83

.88

Mean

4.79

4.12

3.14

4.11

3.77

4.13

3.00

4.18

S Dev

1.22

1.17

0.79

1,08

1,08

1.01

0.82

0.99

PE

.91

.34"*

.32*"

.30""

,19*

.21**

-.17*

.40***

EE

.89

,18**

-.20*

.31*"

.38*"

-.42*"

.24"

ATUT

.78

. 2 1 "

.13

.25"

- .32*"

. 2 1 "

SI

.91

.11

.20"

-.24**

.24**

FC

.86

.35***

-.26*

.20*

SE

.80

-.36***

. 2 1 "

ANX

.81

-.22**

Bl

.88

(c) T3 Results {N = 133)

PE

EE

ATUT

Si

FC

SE

ANX

Bl

ICR

.94

.92

.83

.92

.88

.87

.85

.90

Mean

5.01

4.89

3.52

4.02

3.89

4.17

3.02

4.07

S Dev

1.17

0.88

1.10

1.01

1.00

1.06

0.87

1.02

PE

.92

.34**"

.30"*

.18*

.18"

-.15*

.41*"

EE

.90

.19"

-.21*

.31*"

.32***

- . 3 1 " '

.20**

ATUT

.80

.21**

.14

.21*

-.28*"

.21*

SI

.84

,15

.20*

-.22*

.19*

FC

.81

.35"*

-,25*

,20*

SE

.84

-.38*"

.20*

ANX

.77

- .21* '

Bl

,84

Notes: 1. ICR: Internal consistency reliability.
2. Diagonal elements are the square root of the shared variance between the constructs and

their measures; off-diagonal elements are correlations between constructs.
3. PE: Performance expectancy; EE: Effort expectancy; ATUT: Attitude toward using

technology; SI: Social influence; FC: Facilitating conditions; SE: Self-efficacy; ANX: Anxiety;
Bl: Behavioral intention to use the system.
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Table 20. Item Loadings from PLS (N=133 at each time period)

Performance
Expectancy

(PE)

Effort
Expectancy

(EE)

Attitude
Toward
Using

Technology
(ATUT)

Social
Influence

(SI)

Items

U6

RA1

F?A5

OE7

EOU3

E0U5

E0U6

EU4

Al

AF1

AF2

Affecti

SN1

SN2

SF2

SF4

T1

.91

.90

.94

.89

.91

.92

.93

.87

.84

.82

.80

.87

.94

.90

.89

.92

T2

.92

.89

.89

.90

.90

.91

.90

.87

.80

.83

.80

.84

.90

.93

.92

.81

T3

.91

.88

.90

.91

.94

.90

.89

.90

.86

.77

.76

.76

.90

.88

.94

.79

Facilitating
Conditions

(FC)

Self-Efficacy
(SE)

Anxiety
(ANX)

Intention
(Bl)

Items

PBC2

PBC3

PBC5

FC3

SE1

SE4

SE6

SE7

ANX1

ANX2

ANX3

ANX4

BI1

BI2

BI3

T1

.84

.88

.86

.87

.90

.88

.80

.81

.80

.84

.83

.84

.92

.90

.90

T2

.88

.89

.89

.78

.84

.82

.85

.77

.84

.84

.80

.77

.90

.90

.92

T3

.85

.88

.84

.81

.88

.81

.79

.75

.80

.82

.83

.83

.91

.91

.92

Note: The loadings at T1 , T2, and T3 respectively are from separate measurement model tests and
relate to Tables 18(a), 18(b), and 18(c) respectively.

Table 21. Cross-Validation of UTAUT

(a) Dependent Variable: Intention

R-̂  (PLS)
R' (hierarchical regrn.)
Adjusted R' (hierarchical regrn.)

Performance expectancy (PE)
Effort expectancy (EE)
Social influence (SI)
Facilitating conditions (FC)
Gender (GDR)
Age (AGE)
Voluntariness (VOL)
Experience (EXP)
PE X GDR
PE X AGE
GDR « AGE
EE « GDR
EE X AGE
EE K EXP

T1
(N = 133)

DONLY

,42
.41
.37

.45"*

.22"

.02

.07

.02

.01

.00

D + l

.52

.52

.48

.15

.02

.04

.01

,06
.00
.00

14

Oij

02

- 06
- 02

T2
(N = 133)

DONLV

.41

.41

.36

.59"*

.06

.04

.00

.01

.07
01

D + l

52
.52
47

,16*
.06
.04
.08
.04
.02
.06

\i-

01
04

02

01

T3
(N = 133)

DONLY

.42

.42

.36

.59"*

.04

.02

.01

.07

.02
02

D + l

.51

.51

.46

.15*

.01

.01

.00

.02

.01

.04

.18-
02

04

.04

02

Pooled
{N = 399)

DONLY

.36
36
.30

,53"*
.10
.02
.07
.03
.07
.00
.08

D + l

.77

.77

.70

.14
,02
,02
.01
.03
.01

.01

.00

.01

- 0 4

-.02
- 0 9

-.04
.01
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Table 21. Cross-Validation of UTAUT (Continued)

GDR ^ AGE (included earlier)
GDR X EXP
AGE X EXP

EE X GDR X AGE

EE X GDR X EXP

EE X AGE X EXP

GDR X AGE X EXP

EE X GDR X AGE x EXP

SI X GDR

SI X AGE

SI X VOL

SI X EXP

GDR « AGE (included eariierl

GDR X VOL

GDR X EXP (included earlier)

AGE X VOL

AGE "̂  EXP (included earlier)

VOL X EXP

SI X GDR X AGE

SI X GDR X VOL

SI X GDR X EXP
SI X AGE X VOL

SI X AGE « EXP

SI X VOL X EXP

GDR X AGE X VOL

GDR X AGE X EXP (included
earlier)
GDR X VOL X EXP

AGE X VOL X EXP

SI X GDR X AGE X VOL

GDR X AGE X VOL x EXP

Si X GDR X AGE X VOL x EXP

T1
(N =133)

DONLY D + l

Earlier

2 1 "

- 0 6

02

01

Earlier
.04

no

-.03
04

01

.27"*

T2
(N = 133)

DONLY D + l

Earlier

18-

.00

.01

04

Earlier
.02

.01

- 01
- 03

02

06

2 1 "

T3
(N = 133)

DONLY D + l

Earlier

16-

0?
n-i
00

Earlier
-.03

00

-07

04

00

.01

16'

Pooled
(N = 399)

DONLY D + l

Earlier
.02

06

.04

00

00

01

-.25"*
-.07

02

00

02

Earlier
02

Earlier
07

Efirlier
.02
.00
.00
00
01

07

02

.04

Earlier

01

00

01

.00

-.29"-

(b) Dependent Variable: Usage Behavior
R̂  (PLS)

R̂  (hierarchical regrn.)

Adjusted R̂  (hierarchical regrn.)

Behavioral intention (Bl)

Facilitating conditions (FC)

Age (AGE)

Experience (EXP)

FC X AGE

FC X EXP

AGE X EXP

FC X AGE X EXP

.37

.37
,36

.60*"
04
06

.44
,43
.41

.56"*

.11

.02

.17-

.36

.36

.35

.59*"

.01

.06

.41

.41

.38

.50*"

.01
-.03

2,- .

.36
36

.35

.59"*

.02
-.03

.44

.44

.41

.56*"

.06
-.01

2 4 "

.38

.37

.36

.59"*

.14*

.06

.52

.52

.48

. 5 1 " *

.08
02

10

01

-.06
-.07
.22"*

Notes: 1. D ONLY: Direct effects only; D + l: Direct effects and interaction terms.
2. "Included earlier" indicates that the term has been listed earlier in the table, but is included again for

completeness as it relates to higher-order interaction terms being computed. Grayed out cells are not
applicable for the specific column.
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period (N = 133 at each time period). The mea-
surement models are shown in Tables 19 and 20.
The pattern of results in this validation (Tables
21(a) and 21(b)) mirrors what was found in the
preliminary test (Table 17). The last column of
Tables 21 (a) and 21 (b) reports observations from
the pooled analysis as before. Appendix B reports
the statistical tests we conducted prior to pooling
the data for the cross-validation test, consistent
with the approach taken in the preliminary test.
Insofar as the no-relationship hypotheses were
concerned, the power analysis revealed a high
likelihood (over 95 percent) of detecting medium
effects. The variance explained was quite com-
parable to that found in the preliminary test of
UTAUT.

Discussion

The present research set out to integrate the
fragmented theory and research on individual
acceptance of information technology into a uni-
fied theoretical model that captures the essential
elements of eight previously established models.
First, we identified and discussed the eight
specific models of the determinants of intention
and usage of information technology. Second,
these models were empirically compared using
within-subjects, iongitudinai data from four organi-
zations. Third, conceptual and empirical simi-
larities across the eight models were used to
formulate the Unified Theory of Acceptance and
Use of Technology (UTAUT). Fourth, the UTAUT
was empirically tested using the original data from
the four organizations and then cross-validated
using new data from an additional two organi-
zations. These tests provided strong empirical
support for UTAUT, which posits three direct
determinants of intention to use (performance
expectancy, effort expectancy, and social influ-
ence) and two direct determinants of usage
behavior (intention and facilitating conditions).
Significant moderating influences of experience,
voluntariness, gender, and age were confirmed as
integral features of UTAUT. UTAUT was able to
account for 70 percent of the variance (adjusted
R )̂ in usage intention—a substantial improvement

over any of the original eight models and their
extensions. Further, UTAUT was successful In
integrating key elements from among the initial set
of 32 main effects and four moderators as
determinants ofintention and behavior collectively
posited by eight alternate models into a model that
incorporated four main effects and four
moderators.

Thus, UTAUT is a definitive model that synthe-
sizes what is known and provides a foundation to
guide future research in this area. By encom-
passing the combined explanatory power of the
individual models and key moderating influences,
UTAUT advances cumulative theory while re-
taining a parsimonious structure. Figure 3 pre-
sents the model proposed and supported.
Table 22 presents a summary of the findings. It
should be noted that performance expectancy
appears to be a determinant of intention in most
situations: the strength of the relationship varies
with gender and age such that it is more signi-
ficant for men and younger workers. The effect of
effort expectancy on intention is also moderated
by gender and age such that it is more significant
for women and older workers, and those effects
decrease with experience. The effect of social
influence on intention is contingent on all four
moderators included here such that we found it to
be nonsignificant when the data were analyzed
without the inclusion of moderators. Finally, the
effect of facilitating conditions on usage was only
significant when examined in conjunction with the
moderating effects of age and experience—i.e.,
they only matter for older workers in later stages
of experience.

Prior to discussing the implications of this work, it
is necessary to recognize some of its limitations.
One limitation concerns the scales used to mea-
sure the core constructs. For practical analytical
reasons, we operationalized each of the core
constructs in UTAUT by using the highest-loading
items from each of the respective scales. This
approach is consistent with recommendations in
the psychometric literature (e.g,, Nunnally and
Bernstein 1994). Such pruning of the instrument
was the only way to have the degrees of freedom
necessary to model the various interaction terms
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Table 22. Summary of Findings

Hypothesis
Number

HI

H2

H3

H4a

H4b

H5a

H5b

H5c

H6

Dependent
Variables

Behavioral
intention

Behavioral
intention

Behavioral
intention

Behavioral
intention

Usage

Behavioral
intention

Behavioral
intention

Behavioral
intention

Usage

Independent
Variables

Performance
expectancy

Effort
expectancy

Social
infiuence

Facilitating
conditions

Facilitating
conditions

Computer
self-efficacy

Computer
anxiety

Attitude
toward using
tech.

Behavioral
intention

Moderators

Gender, Age

Gender, Age,
Experience

Gender, Age,
Voluntariness,
Experience

None

Age,
Experience

None

None

None

None

Explanation

Effect stronger for men and
younger workers

Effect stronger for women.
older workers, and those with
limited experience

Effect stronger for women.
older workers, under conditions
of mandatory use, and with
limited experience

Nonsignificant due to the effect
being captured by effort
expectancy

Effect stronger for older
workers with increasing
experience

Nonsignificant due to the effect
being captured by effort
expectancy

Nonsignificant due to the effect
being captured by effort
expectancy

Nonsignificant to the effect
being captured by process
expectancy and effort
expectancy

Direct effect

at the item level as recommended by Chin et al,
(1996). However, one danger of this approach is
that facets of each construct can be eliminated,
thus threatening content validity. Specifically, we
found that choosing the highest-loading items
resulted in items from some of the models not
being represented in some ofthe core constructs
(e,g., items from MPCU were not represented in
performance expectancy). Therefore, the mea-
sures for UTAUT should be viewed as preliminary
and future research should be targeted at more
fully developing and validating appropriate scales

for each of the constructs with an emphasis on
content validity, and then revalidating the model
specified herein (or extending it accordingly) with
the new measures. Our research employed stan-
dard measures of intention, but future research
should examine alternative measures of intention
and behavior in revalidating or extending the
research presented here to other contexts.

From a theoretical perspective, UTAUT provides
a refined view of how the determinants of intention
and behavior evolve over time. It is important to
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emphasize that most of the key relationships in
the model are moderated. For example, age has
received very little attention in the technology
acceptance research literature, yet our results
indicate that it moderates all of the key relation-
ships in the model. Gender, which has received
some recent attention, is also a key moderating
influence; however, consistent with findings in the
sociology and social psychology literature (e.g.,
Levy 1988), it appears to work in concert with age,
a tieretofore unexamined interaction. For exam-
ple, prior research has suggested that effort
expectancy is more salient for women (e.g.,
Venkatesh and Morris 2000). While this may be
true, our findings suggest tfiis is particularly true
for the older generation of workers and those with
relatively tittle experience with a system. Wtiile
existing studies have contributed to our under-
standing of gender and age influences indepen-
dently, the present research illuminates the inter-
play of these two key demographic variables and
adds richness to our current understanding of the
phenomenon. We interpret our findings to sug-
gest that as the younger cohort of employees in
the workforce mature, gender differences in how
each perceives information technology may
disappear. This is a hopeful sign and suggests
that oft-mentioned gender differences in the use of
information technology may be transitory, at least
as they relate to a younger generation of workers
raised and educated in the Digital Age.

The complex nature ofthe interactions observed,
particularly for gender and age, raises several
interesting issues to investigate in future research,
especially given the interest in today's societal
and workplace environments to create equitable
settings for women and men of all ages. Future
research should focus on identifying the potential
magic number" for age where effects begin to

appear (say for effort expectancy) or disappear
(say for performance expectancy). While gender
and age are the variables that reveal an inter-
esting pattern of results, future research should
identify the underlying influential mechanisms—
potential candidates here include computer
literacy and sociai or cultural background, among
others. Finally, although gender moderates three
key relationships, it is imperative to understand

the importance of gender roles and the possibility
that "psychological gender" is the root cause for
the effects observed. Empirical evidence has
demonstrated that gender roles can have a pro-
found impact on individual attitudes and behaviors
both within and outside the workplace (e.g., Baril
et al. 1989; Feldman and Aschenbrenner 1983;
Jagacinski 1987; Keys 1985; Roberts 1997; Sachs
et al. 1992; Wong et al. 1985). Specifically, gen-
der effects observed here could be a manifesta-
tion of effects caused by masculinity, femininity,
and androgyny rather than just "biological sex"
(e.g., Lubinski et al. 1983). Future work might be
directed at more closely examining the importance
of gender roles and exploring the socio-psycho-
logical basis for gender as a means for better
understanding its moderating role.

As is evident from the literature, the role of social
influence constructs has been controversial.
Some have argued for their inclusion in models of
adoption and use (e.g., Taylor and Todd 1995b;
Thompson et al. 1991). while others have not
included them (e.g., Davis et al. 1989). Previous
work has found social influence to be significant
only in mandatory settings (see Hartwick and
Barki 1994; Venkatesh and Davis 2000). Other
work has found social influence to be more
significant among women in early stages of
experience (e.g., Venkatesh and Morris 2000).
Still other research has found social influence to
be more significant among older workers (e.g.,
Morris and Venkatesh 2000). This research is
among the first to examine these moderating influ-
ences in concert. Our results suggest that social
influences do matter; however, they are more
likely to be salient to older vi/orkers, particularly
women, and even then during early stages of
experience/adoption. This pattern mirrors that for
effort expectancy with the added caveat that social
influences are more likely to be important in
mandatory usage settings. The contingencies
identified here provide some insights into the way
in which social influences change over time and
may help explain some of the equivocal results
reported in the literature. By helping to clarify the
contingent nature of social influences, this paper
sheds light on when social influence is likely to
play an important role in driving behavior and
when it is less likely to do so.
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UTAUT underscores this point and highlights the
importance of contextual analysis in developing
strategies for technology implementation within
organizations. While each ofthe existing models
in the domain is quite successful in predicting
technology usage behavior, it is only when one
considers the complex range of potential moder-
ating influences that a more complete picture of
the dynamic nature of individual perceptions about
technology begins to emerge. Despite the ability
of the existing models to predict intention and
usage, current theoretical perspectives on indivi-
dual acceptance are notably weak in providing
prescriptive guidance to designers. For example,
applying any ofthe models presented here might
inform a designer that some set of individuals
might find a new system difficult to use. Future
research should focus on integrating UTAUT with
research that has identified causal antecedents of
the constructs used within the model (e.g..
Karahanna and Straub 1999; Venkatesh 2000;
Venkatesh and Davis 2000) in order to provide a
greater understanding of how the cognitive pheno-
mena that were the focus of this research are
formed. Examples of previously examined deter-
minants of the core predictors include system
characteristics (Davis et al. 1989) and self-efficacy
(Venkatesh 2000). Additional determinants that
have not been explicitly tied into this stream but
merit consideration in future work include task-
technology fit (Goodhue and Thompson 1994) and
individual ability constructs such as "g"—general
cognitive ability/intelligence (Colquitt et al. 2000).

While the variance explained by UTAUT is quite
high for behavioral research, further work should
attempt to identify and test additional boundary
conditions of the model in an attempt to provide
an even richer understanding of technology adop-
tion and usage behavior. This might take the form
of additional theoretically motivated moderating
influences, different technologies (e.g., collabora-
tive systems, e-commerce applications), different
usergroups (e.g., individuals in different functional
areas), and other organizational contexts (e.g.,
public or government institutions). Results from
such studies will have the important benefit of
enhancing the overall generalizability of UTAUT
and/or extending the existing work to account for
additional variance in behavior. Specifically, given

the extensive moderating influences examined
here, a research study that examines the general-
izability of these findings with significant repre-
sentation in each cell (total number of cells: 24;
two levels of voluntariness, three levels of experi-
ence [no, limited, more], two levels of gender, and
at least two levels of age [young vs. old]) would be
valuable. Such a study would allow a palnwise,
inter-cell comparison using the rigorous Chow's
test and provide a clear understanding of the
nature of effects for each construct in each cell.
Related to the predictive validity of this class of
models in general and UTAUT in particular is the
role of intention as a key criterion in user accep-
tance research—future research should investi-
gate other potential constructs such as behavioral
expectation (Warshaw and Davis 1985) or habit
(Venkatesh et al. 2000) in the nomological net-
work. Employing behavioral expectation will help
account for anticipated changes in intention
(Warshaw and Davis 1985) and thus shed light
even in the early stages of the behavior about the
actual likelihood of behavioral performance since
intention only captures internal motivations to
perform the behavior. Recent evidence suggests
that sustained usage behavior may not be the
result of deliberated cognitions and are simply
routinized or automatic responses to stimuli (see
Venkatesh et al. 2000).

One of the most important directions for future
research is to tie this mature stream of research
into other established streams of work. For
example, little to no research has addressed the
link between user acceptance and individual or
organizational usage outcomes. Thus, while it is
often assumed that usage will result in positive
outcomes, this remains to be tested. The unified
model presented here might inform further inquiry
into the short- and long-term effects of information
technology implementation on job-related out-
comes such as productivity, job satisfaction,
organizational commitment, and other perfor-
mance-oriented constructs. Future research
should study the degree to which systems per-
ceived as successful from an IT adoption per-
spective (i.e., those that are liked and highly used
by users) are considered a success from an
organizational perspective.
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Conclusion

Following from the Unified Theory of Acceptance
and Use of Technology presented here, future
research should focus on identifying constructs
that can add to the prediction of intention and
behavior over and above what is already known
and understood. Given that UTAUT explains as
much as 70 percent of the variance in intention, it
is possible that we may be approaching the
practical limits of our ability to explain individual
acceptance and usage decisions in organizations.
In the study of information technology implemen-
tations in organizations, there has been a
proliferation of competing explanatory models of
individual acceptance of information technology.
The present work advances individual acceptance
research by unifying the theoretical perspectives
common in the literature and incorporating four
moderators to account for dynamic influences
including organizational context, user experience,
and demographic characteristics.
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Appendix A

Cautions Related to Pooling Data and Associated Statistical
Tests for Preliminary Test of UTAUT (Studies 1 and 2)

The most critical concern when pooling repeated measures from the same subjects is the possibility of
correlated errors. West and Hepworth describe this problem as follows:

A perusal of the empirical literature over the past 30 years reveals some of the statistical
approaches to repeated measures over time that have been used by personality
researchers. The first and perhaps most classic approach is to aggregate the
observations collected over time on each subject to increase the reliability of
measurement (1991, p. 610).

However, In many cases, these observations will often violate the assumption of independence, requiring
alternate analyses (see West and Hepworth for an extended discussion of alternate approaches).

When error terms can be shown to be independent. West and Hepworth note that" traditional statistical
analyses such as ANOVA or MR [multiple regression] can be performed directly without any adjustment
of the data." (pp. 612-613). The best way to determine whether it is appropriate to pool data Is to conduct
a test for correlated errors. In order for it to be acceptable to pool the data, the error terms should be
uncorrelated. A second approach uses bootstrapping to select subsamples to conduct a between-subjects
examination of the within-subjects data, in order for it to be acceptable to pool the data, this second test
should yield identical results to the test of the model on the complete data set. Below we report the results
from the specific findings from the correlated errors test and the pattern of findings from the second test.

Correlated Errors Test

We computed the error terms associated with the prediction of intention at T1. T2, and T3 in studies 1
(voluntary settings) and 2 (mandatory settings). Further, we also calculated the error terms when pooled
across both settings—i.e., for cross-sectional tests of the unified model at T l , T2, and T3 respectively.
These computations were conducted both for the preliminary test and the cross-validation (reported below).
The error term correlations across the intention predictions at various points in time are shown below. Note
that aii error correlations are nonsignificant and. therefore, not significantly different from zero in ali
situations.

Between-Subjects Test of Within-Subjects Data

While the results above are compelling, as a second check, we pooled the data across different levels of
experience (Tl , T2, and T3) and used PLS to conduct a between-subjects test using the within-subjects
data. We used a DOS version of PLS to conduct the analyses (the reason for not using PLS-Graph as in
the primary analyses in the paper was because it did not allow the specification of filtering rules for
selecting observations in bootstraps). Specifically for the between-subjects test, we applied a filtering rule
that selected any given respondent's observation at only one of the three time periods. This approach en-
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Table A1. Correlations Between Error Terms of Intention Construct at Various Time
Periods

Study 1 (Voluntary)

TI

T2

T3

Study 2 (Mandatory)

TI

T2

T3

Study 1 and 2 (Pooled)

TI

T2

T3

T1

.04

.11

T1

.07

.08

T1

.06

.09

T2

.09

T2

.13

T2

.10

T3

T3

T3

sured that the data included to examine the interaction terms with experience did not include any potentiai
for systematic correlated errors. Using 50 such random subsampies. the model was tested and the resuits
derived supported the pattern observed when the entire data set was pooled across experience.

Taken together, the analyses reported above support the pooling of data (see Table 17) across ievels of
experience and eiiminate the potential statistical concerns noted by West and Hepworth in the analysis of
temporal data.
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Appendix B

statistical Tests Prior to Pooling of Data for
Cross-Validation of UTAUT (Studies 3 and 4)

As with the test of the preliminary model, prior to pooling the data for the cross-validation studies (studies
3 and 4), we conducted statistical tests to examine the independence of observations (as detailed in
Appendix A). The table below presents the error term correlation matrices for intention for studies 3
(voluntary) and 4 (mandatory) as well as pooled across both settings at T I , T2, and T3 respectively.

As in the preliminary test of UTAUT, the error correlation matrices above suggest that there is no constraint
to pooling in the cross-validation study of the model. As before, a between-subjects test of the within-
subjects data was tested using PLS (as described in Appendix A), and the results of that test corroborated
the independence of observations in this sample. In light of both sets of results, we proceeded with the
pooled analysis as reported in the body of the paper (see Table 21).

Table B1. Correlations Between Error Terms of Intention Construct at Various Time
Periods

Study 3 (Voluntary)

TI

T2

T3

Study 4 (Mandatory)

TI

T2

T3

Study 3 and 4 (Pooled)

TI

T2

T3

T1

.01

.07

T1

.04

.02

T1

.03

.05

T2

.11

T2

.08

T2

.10

T3

T3

T3
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