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Understanding the factors influencing user acceptance  

of technology: A meta-analysis 
   

Abstract 
In the past three decades, many theories such as TAM, TPB, TRA, and IDT, have been proposed 
by researchers to understand the underlying factors that influence user acceptance of IT/IS and 
WWW technologies. The diversity of theoretical models has resulted in a long list of constructs 
that were claimed to influence user acceptance of technology. There is some overlap among the 
constructs, and the definition of the constructs has caused confusion. In addition, contradictory 
results have been reported across studies examining the aforementioned models. In order to 
disambiguate the existing studies, a meta-analysis of the relationships between user acceptance 
and five of its potential determinants has been carried out. This resulted in statistically significant 
associations for performance expectancy, effort expectancy, social influence, facilitating 
conditions and attitude. Further moderator analysis indicates that stage of adoption and role of 
subject are more effective moderators than type of technology and environment of study. These 
results have important implications for launch and marketing of technology. 
 
Keywords: Information Technology (IT); Information Systems (IS); Internet; User Acceptance; 
Meta-Analysis; Moderator Analysis  
 
 

Introduction  
Understanding the underlying motivations behind user acceptance of technology is 
crucial to the success of any IT business in today’s rapidly changing and highly 
competitive environment. The adoption process has been defined as a sequence of 
stages a potential adopter of an innovation passes through before acceptance of a new 
product, service or idea (Frambach and Schillewaert, 2002). In the past three decades, 
innovation diffusion theory (IDT) and intention-based models (IBM) dominate 
research in predicting and evaluating innovation acceptance. IDT has been widely 
used to analyse the adoption of interactive innovations. Based on the concept of 
critical mass, (the minimum number of adopters of an interactive innovation for the 
further rate of adoption to be self-sustaining), IDT believes the utility of an interactive 
innovation depends on the size of the user community (Mahler and Rogers, 1999). In 
the beginning stage of the diffusion of an innovation, the rate of adoption proceeds 
slowly. After the cumulative number of adopters reaches the critical mass, the rate of 
adoption increases rapidly as an individual perceives that such an innovation should 
have sufficient usefulness because there are enough other individuals who have 
already adopted it. Though IDT acknowledges that acceptance could be influenced by 
the attitude of an individual, it does not provide clear demonstration of how such an 
attitude is formed and how it fits into the adoption process (Karahanna, et al 1999).  



 
Intention-based models concentrate on examining determinants of IS/IT adoption and 
have received substantial empirical support in the IS/IT area as well as e-commerce 
domain (Limayem, 2000; Bhattacherjee, 2000; Chen, 2000; Vijayasarathy, 2002). 
Among them, the Technology Acceptance Model (TAM), the Theory of Reasoned 
Action (TRA), and the Theory of Planned Behaviour (TPB), are the most recognized 
theoretical models that are believed to be robust and parsimonious to explain adoption 
behaviour (Gentry and Calantone, 2002). On the basis of these three models, and the 
extensions of them, numerous studies have been conducted to explore the effects of 
determinants on user acceptance. The diversity of theoretical models has resulted in a 
long list of constructs that are claimed to influence user acceptance of technology. 
There is some overlap among the constructs, and different nomenclature of constructs 
has been used to represent similar meaning, which has caused confusion. In addition, 
contradictory results have been reported across studies with one study found 
significant influence of one factor while the other had little to no support for the same 
construct. Thus, a review and synthesis has been called for (Venkatesh et al., 2003). 
Despite the wealth of literature related to user acceptance models, little attempt has 
been made to quantitatively synthesize existing results and cumulate findings into 
more comprehensive frameworks (Mahmood, 2000).  
 
The present study attempts to develop an integrated framework to explain the effects 
of determinants and moderators on user acceptance of technology. We first review the 
theoretical background on technology acceptance. Based on theoretical analysis, we 
then identify the main factors and moderators of user acceptance. Thirdly, the effects 
of determinants and moderators are examined via meta-analysis. Fourthly, we 
interpret the results of meta-analysis and moderator analysis. Finally, we conclude the 
findings and discuss the limitations and implications for future research.         
 

Theoretical Background  

TRA 
TRA (Fishbein and Ajzen, 1975) assumes that a person’s performance of a specified 
behaviour is determined by his/her behavioural intention (BI), which is a measure of 
the strength of one’s intention to perform a specified behaviour. BI is jointly 
determined by the person’s attitude (A) and subjective norm (SN). ‘A’ refers to an 
individual’s position or negative feelings (evaluative effect) about performing the 
target behaviour while SN is defined as the person’s perception that most people who 
are important to him/her think he/she should or should not perform the behaviour. 
Furthermore, ‘A’ is determined by his/her salient belief about consequences of 
performing the behaviour multiplied by the evaluation of those consequences. SN is 
determined by a multiplicative function of his/her normative beliefs i.e., perceived 
expectations of specific referent individuals or groups, and his/her motivation to 
comply with these expectations. 
 



TAM 
Davis (1989) adapted the TRA model to propose the TAM model for explaining 
computer technology acceptance, and replaced the attitudinal determinants of the TRA 
with two distinct constructs: the perceived usefulness (U) and the perceived ease of 
use (EOU). The key purpose of TAM is to provide a basis for tracing the impact of 
external factors on internal beliefs, attitudes and intentions (Davis, et al, 1989). U is 
representing the prospective user’s subjective probability that using a specific 
application will increase his/her performance. EOU refers to the degree to which the 
prospective user expects the target application to be free of effort. TAM does not 
include subjective norm as a determinant of behavioural intention and is a relatively 
simple model.  
 
TPB 
TPB considers individual behaviour as being determined primarily by behavioural 
intention, which in turn, is determined by multiple beliefs concerning the intended 
behaviour (Ajzen, 1991). TPB assumes three independent determinants of behavioural 
intention: attitude, subjective norm, and perceived behavioural control. The constructs 
of attitude and subjective norm are identical to those introduced in TRA. Perceived 
behavioural control attempts to capture an individual’s confidence beliefs that 
resources and facilities are possessed to support the intended behaviour.    
 
There are a myriad of other models extended from these three models in the literature. 
Venkatesh et al. (2003) investigate eight existing user acceptance models of 
information technology to propose a unified view on determinants of usage intention. 
They identify four constructs as direct determinants of user acceptance: performance 
expectancy, effort expectancy, social influence, and facilitating conditions. In our 
study, we adopt their terms and definitions for the four constructs. In addition, we 
theorize that attitude is also a direct determinant of user acceptance, as has been 
suggested in TRA, TPB and TAM. This adds a more user-centred, or 
personality-related variable.   
 

Research Model 
Determinants of User Acceptance 
As mentioned in the previous section, we assume five constructs will have significant 
associations with user acceptance: performance expectancy, effort expectancy, social 
influence, facilitating conditions, and attitude. We have already highlighted that some 
constructs in the literature have been confused due to similar definitions but different 
titles. We need to examine definitions and further define our own constructs. 
Performance expectancy is defined as: “the degree to which an individual believes 
that using the technology will help him/her to attain gains in performance” (Venkatesh 
et al., 2003). Constructs introduced in the literature that have a similar meaning to 
performance expectancy include perceived usefulness, extrinsic motivation, job-fit, 
relative advantage, and outcome expectations (Agarwal and Prasad, 1998; Venkatesh 



et al., 2003). Effort expectancy refers to “the degree of ease associated with the use of 
the technology” (Venkatesh et al., 2003). It is a synonym of perceived ease of use. 
Complexity was introduced by Rogers and Shoemaker (1971) to measure “the degree 
to which an innovation is perceived as relatively difficult to understand and use”. The 
complexity construct is the opposite of perceived ease of use (Thompson et al., 1991; 
Agarwal and Prasad, 1998). Social influence is defined as “the degree to which an 
individual perceives that important others believe he or she should use the specific 
technology” (Venkatesh et al., 2003). The similarity between social influence and 
subjective norm can be easily confirmed by examining the definition of SN in TRA. 
Facilitating conditions refers to “the degree to which an individual believes that an 
organizational and technical infrastructure exists to support use of the new 
technology” (Venkatesh et al., 2003). Like perceived behavioral control, it captures an 
individual’s confidence beliefs towards using a particular technology. We adopt the 
definition in TRA to represent the meaning of attitude, which refers to an individual’s 
affective feelings about using a technology. 
 
Moderators of the Relationships between Determinants and User Acceptance 
Type of technology and stage of adoption have been acknowledged as potential 
moderators in past research (Damanpour, 1991). There is a controversy on whether 
existing models used for IT/IS can be adopted to explain the acceptance of web 
applications in E-commerce. In our study, we try to investigate the impact of the type 
of technology (IT/IS versus Web applications) on the relationships between 
determinants and user acceptance. The process of adoption can be generally divided 
into initiation and implementation stages, as has been suggested by many researchers 
(Damanpour, 1991; Venkatesh et al., 2000; Venkatesh and Davis, 2000). In addition to 
the two moderators, we consider the role of subject and environment of study, as 
suggested within Social Psychology - that role perception and environmental 
characteristics can effectively moderate the effects of determinants on user acceptance 
(Agarwal and Prasad, 1998).   
      

Research Approach 
Our study adopted meta-analysis as an approach to examine the proposed research 
model. Meta-analysis is a procedure for integrating the results of existing studies on a 
topic. Although it has theoretical antecedents dating back many decades, it has 
recently become popular because of its ability to provide a more objective manner of 
integrating the findings from many related but independent studies based on the same 
general questions (Normand, 1999; Graziano and Raulin, 2000; Lipsey and Wilson, 
2001).  By combining data from different studies, such analysis can have more 
statistical power to support a given hypothesis than an individual analysis based on 
only one study. 
 
Selection of the Primary Studies and Coding 
The selection was initiated through intensive search of studies written or published 



since 1989, which were related to user acceptance of technology in information 
technology, management information systems, information management, 
human-computer interaction, management science, business and marketing, Internet 
research, behavior and psychology, and E-commerce.  
 
Studies were included in our meta-analysis if they met four criteria: (1) reporting of 
the sample size, (2) reporting of either Pearson correlation coefficients or statistics 
that could be used to calculate correlations, (3) measuring one or more of the factors 
analyzed in our study on user acceptance, and (4) the technology being studied fell 
within the scope of IT, IS or Web applications. Further, the following considerations 
were made:  
 If the primary research included voluntary settings as well as mandatory 

settings, we selected the study conducted in a voluntary situation as it would 
be difficult to force users to accept a technology in a competitive market;  

 To lessen the severity of the “bias problem” (Hunter and Schmidt, 1990) of 
our meta-analysis, papers in conference proceedings were also included in our 
study;  

 Consistent with the assumption that the selected samples should be 
independent in meta-analysis, we only include one report if several results 
have been reported based on the same or partially overlapping data;  

 Studies with sample sizes of more than 600 were excluded in line with Hunter 
and Schmidt’s (1990) warning that a very large sample size may distort the 
result of a meta-analysis.  

Applying these criteria and considerations yielded a total of 35 primary studies from 
25 reports, 23 journal articles and 2 conference proceedings. A list of the sources is 
shown in Table 1.  

Table 1 Source of the Included Studies 
Category Name of The Source Number of 

Studies 
Conference Proceedings IEEE 2 

Journals 

IEEE Transaction on Engineering Management 1 
MIS Quarterly 4 
Int.J. Human-Computer Studies 3 
Information Systems Research 2 
Management Science 2 
Decision Support Systems 2 
International Journal of Information Management 2 
Interacting with Computers 2 
Information & Management 1 
International Journal of Electronic Commerce 1 
Information Resources Management Journal 1 
Journal of Business Research 1 
European Journal of Information Systems 1 

Total  25 



 
 
Meta-analytical Procedures 
The meta-analysis was conducted following the procedures introduced by Hedges and 
Olkin (1985). First, we computed the estimate of the population correlation and its 
confidence interval. Pearson correlation is theoretically an underestimate of the 
population correlation. Therefore, we transformed each Pearson correlation ri with 
Fisher’s Z-transformation to yield a set of Zi, and then an average Z+ weighted by 
sample size was calculated. Next, we constructed a 95 percent confidence interval for 
Z+. Finally, the obtained Z+ and its confidence interval were respectively 
back-transformed into an estimated correlation and a 95 percent confidence interval 
for the correlation. If the confidence interval doesn’t include zero, it is suggested that 
the correlation significantly deviates from zero, and the associated relationship 
between the two variables is confirmed. 
 
Following the recommendation of Hedges and Olkin (1985, p229), the second step of 
the meta-analysis was to compute an estimate of the true correlation coefficient (rho) 
by correcting measurement error. We divided each observed correlation from the 
primary studies by the square root of the product of the corresponding reliabilities of 
the two variables, and then repeated the meta-analysis procedures described in the 
first step to obtain the rho. However, due to the sporadic nature of reliabilities 
reported in the primary studies, we adopted Bamberger et al.’s (1999) method to 
handle the presence of missing reliabilities: for studies where reliabilities were not 
provided, a sample-size-weighted mean reliability from the remaining studies was 
utilized to represent an estimate of the reliability.  
 
Finally, we conducted a test of homogeneity based on Fisher’s Z-transformation. A 
weighted average correlation can represent an unbiased estimate of the population 
correlation only if single correlation magnitudes are consistent across all selected 
studies (Hedges and Olkin, 1985). A Q-statistic (Hedges and Olkin, 1985, p235), 
which essentially is the weighted sum of squares of the Zi about the weighted mean Z+, 
was used to determine homogeneity. If heterogeneity was found, moderators should 
be introduced to explain the difference across studies. The moderator analysis was 
performed based on the four aforementioned moderators. We first tested for the 
homogeneity of correlations within the two categories of a moderator group. When 
heterogeneity still occurred within a subgroup, a combined moderator analysis was 
performed to determine whether the inter-study variance could be further reduced to 
achieve homogeneity. We continued the process of subdividing and testing for other 
moderator groups.       
 

Results 
Meta-Analyses  
Table 2 presents the results of the meta-analyses for user acceptance and its five  



Table 2  
Results of Meta-Analysis for Determinants 

 
 

 

Determinants 

Number of 

Studies 

(K) 

Total 

Sample 

(N) 

Mean 

Correlation 

(r) 

95 Percent 

Confidence 

Interval 

Estimated 

Correlation 

(rho) 

Homogeneity 

Test 

(Q) 

Performance 

Expectancy 
34 4364 .50 (.48, .52) .59 244.42 

Effort 

Expectancy 
33 4734 .43 (.40, .45) .50 141.01 

Social 

Influence 
6 1241 .43 (.39, .48) .58 28.04 

Facilitating 

Conditions 
9 1764 .42 (.38, .45) .51 90.27 

Attitude 13 2501 .54 (.51, .57) .67 273.81 

 
determinants. The results of 95% confidence intervals indicate that all mean 
correlations significantly deviate from zero. The values of these mean correlations 
also suggest relatively strong positive associations between user acceptance and each 
of the five determinants. The results of estimated rhos are consistent with the mean 
correlations. However, the significant Q-statistics sharply imply that moderators 
should be introduced to explain all the correlated relationships.   
 
The meta-analytical results of correlations confirm the hypotheses in the research 
model that the five determinants have significant direct impact on user acceptance of 
technology. Performance expectancy has a strong positive association with user 
acceptance (a mean correlation r = .50 with a confidence interval of .48-.52). This is 
consistent with Davis’ (1989) belief that people tend to use or not use an application 
based on their perception of whether it will help with improvement of performance. 
Davis (1989) and Venkatesh et al. (2003) also believe that user acceptance is 
influenced by effort expectancy. This is also confirmed by the meta-analysis (a mean 
correlation r = .43 with a confidence interval of .40-.45).  
 
The impact of social influence has been controversial (Venkatesh et al., 2003), as it 
has been recognized in TRA and TPB while was excluded in TAM. Our 
meta-analytical results show that it does have a significant influence on user 
acceptance (a mean correlation r = .43 with a confidence interval of .39-.48). The 
strong association identified here clarifies the equivocal results reported in the 
literature.  
 
A similar controversy exists on the attitude construct with Venkatesh et al. (2003) 
claiming attitude is not a direct determinant of user acceptance while the TRA 
(Fishbein and Ajzen, 1975) includes attitude as a main construct. The present research 
suggests attitude has a strong positive influence on user acceptance (a mean 



correlation r = .54 with a confidence interval of .51-.57). Mcknight et al. (2002) and 
Gefen et al. (2003) suggest that trust and perceived control become main concerns 
when an individual confronts the choice between acceptance and rejection of 
E-commerce activities. This is further supported in our study by the significant 
correlation between facilitating conditions and user acceptance (a mean correlation r 
= .42 with a confidence interval of .38-.45). 
 
Moderator Analysis  
Table 3 shows the results of the moderator analysis for the above-mentioned 
relationships. As all homogeneity tests strongly implied moderators should be 
introduced, moderator analyses have been conducted for all five determinants. 
Following Hunter et al. (1982), and Hedges and Olkin’s (1985) suggestions, there are 
two indicators to examine the effect of moderators: (1) the mean correlation varies 
from subgroup to subgroup; (2) the Q-statistics are significantly lower in the 
subgroups than for the data as a whole. From Table 3 we can see that all mean 
correlations in the subsets still significantly deviated from zero, which means the 
effect of moderators only changes the magnitude of correlation, not the direction. In 
many subgroups, homogeneity has been achieved. When heterogeneity still occurred 
in a subgroup, combined moderator analysis was conducted to determine whether the 
inter-study variance could be further reduced. For example, in order to examine the 
effect of the environment of study on the relationship between effort expectancy and 
user acceptance, the primary studies were divided into two subgroups (Academic 
versus Commercial). The Q-statistics show that heterogeneity is still significant for 
the two subgroups (60.89 for academic, compared with 26.30, the critical value of the 
chi-square distribution with 16 degrees of freedom at 0.95 level; and 80.12 for 
commercial, compared with 25.00, the critical value of the chi-square distribution 
with 15 degrees of freedom at 0.95 level). The subgroup of studies conducted in 
Academic environments was further categorized into two subsets according to the 
stage of adoption. The Q-statistic in the subgroup of studies conducted at the initiation 
stage is 11.67. Compared with 18.31, the 95% point of the Chi-Square distribution 
with 10 degrees of freedom, we see the correlations are homogeneous at the α=0.05 
significant level. The method was then applied to other subgroups.  
 
Table 3 only presents the results where homogeneity has already been achieved or 
heterogeneity still existed but the number of studies in the subgroup was too small to 
conduct any further analysis. We examined the effect of moderators on the 
relationships between the five determinants and user acceptance, respectively. The 
results of the moderator analysis suggest that stage of adoption and role of subject are 
more effective moderators than environment of study and type of technology. The 
findings provide an opportunity to generate a better understanding of each of the four 
moderators. However, like other meta-analytical research (Bamberger et al., 1999), 
the moderator analysis suffers from a common problem of meta-analysis: the number 
of primary studies within a subset is too small to continue further subgroups 
comparison.   



Table 3  
Results of Meta-analysis for Moderators 

 

 

Moderators 

Number of 

Studies 

(K) 

Total 

Sample 

(N) 

Mean 

Correlation 

(r) 

95 Percent 

Confidence 

Interval 

Homogeneity 

Test 

(Q) 

Performance Expectancy 
Stage of Adoption 

     

  IN 17 1847 .66 (.64, .69) 25.92 * 

  IM 17 2517 .35 (.32, .39) 25.82 * 

Type of Subject      

    ORG 11 1811 .39 (.35, .43) 16.97 * 

    INDL 23 2553 .57 (.55, .60) 167.52 

       IN 16 1729 .67 (.64, .70) 21.66 * 

       IM 7 824 .30 (.24, .37) 10.14 * 

Effort Expectancy 
Environment of Study 

     

A 17 2413 .43 (.39, .46) 60.89 

   IN 11 1744 .49 (.45, .53) 11.67 * 

   IM 6 669 .24 (.17, .31) 8.68 * 

C 16 2321 .43 (.39, .46) 80.12 

   ORG 11 1781 .35 (.31, .39) 17.66 * 

   INDL 5 540 .63 (.58, .68) 6.05 * 

Social Influence 
Stage of Adoption 

     

IN 2 732 .51 (.45, .56) 0.00 * 

IM 4 509 .31 (.23, .39) 11.08 

Facilitating Conditions 
Type of Subject 

     

ORG 2 424 .12 (.02, .21) 0.01 * 

INDL 7 1340 .50 (.46, .54) 31.67 

    A 3 923 .42 (.37, .47) 2.37 * 

    C 4 417 .64 (.57, .69) 1.82 * 

Attitude 
Type of Subject 

     

ORG 5 997 .35 (.29, .40) 10.61 

INDL 8 1504 .65 (.62, .68) 164.87 

   A 5 1312 .63 (.60, .66) 150.08 

   C 3 192 .74 (.66, .80) 8.86 

1. The moderators are: (1) Environment of Study, A=Academic, C=Commercial; (2) Role of Subject, 

INDL=Individual, ORG=Organizational Members; (3) Type of Technology, IT/IS= Information Technology or 

Information Systems, WEB=Web applications in E-commerce; (4) Stage of Adoption, IN=Initiation Stage, 

IM=Implementation Stage. 

2. *  Indicates that Q-Statistic is not significant at α=0.05 level.  

 



Conclusions and Implications 
Conclusions  
To summarize, the results of our study indicate that all five constructs: performance 
expectancy, effort expectancy, social influence, facilitating conditions and attitude, 
play a significant role as direct determinants of user acceptance of technology. This 
finding is not surprising as all the correlations in the primary studies are pointing to 
the same direction. The conclusion here is consistent with previous meta-analytical 
research in the area (Mahmood et al., 2000; Saeed et al., 2003). The 
moderator-analytical results of the present study also lead to the conclusion that the 
stage of adoption and the type of subject are more effective moderators than the 
environment of study and the type of technology.  
 
The conclusions suggest that it is important to acknowledge social factors and 
psychological influences rather than just focus on technical merits when introducing 
new technologies to users. When all of the factors are considered, a better picture of 
user behavior can be established (Mahmood et al., 2000). Venkatesh et al. (2000) 
suggests that beta testing on new technologies with groups of diverse users should be 
conducted before implementation to understand the combined impact of factors. We 
believe a comprehensive consideration on the five determinants of user acceptance 
from the early stage can bring substantial benefits to businesses, including short-term 
diffusion of service adoption and long-term retention of customers.      
 
Our study found no evidence to support a significant influence of types of technology 
on the studied relationships. This result is consistent with Damanpour’s (1991) 
finding that type of innovation is not a highly effective moderator of the 
determinant-innovation relationships. We explain the result by the similarity of IT/IS 
and Internet technologies. People generally consider E-commerce an application of 
IT/IS technology. The evolution of the Internet has been strongly associated with the 
development of computer technology and information systems. This conclusion 
further explains why the theoretical models derived from IT/IS research area can be 
applied to predict user acceptance of E-commerce or M-commerce, as has been 
suggested by Gentry and Calantone (2002), and Saeed et al. (2003).  
 
The results of our study also support stage of adoption as an effective moderator. 
Venkatesh and Davis (2000) assert that the direct effect of determinants on usage 
intention may vary over time with increased system experience. Our findings further 
suggest that generally the direct effect of determinants on usage intention decreases 
over time. A possible explanation is that an individual may strongly rely on his or her 
perception of technology and the opinions of others as a basis for their behavioral 
intention at the beginning stage (Venkatesh and Davis, 2000). After using the 
technology for a while, when more knowledge and beliefs have been obtained from 
usage experience, such influences may subside.      
 



Implications for Future Research 
The results of our study confirm the findings of some theoretical models in the 
literature and provide implications for future research. First, the strong positive 
correlations between the five determinants and usage intention suggest that future 
research may consider studying antecedents of these constructs rather than themselves. 
For example, training and advertising have been recognized to have significant 
influence on an individual’s perception of technology, but there is still a lack of 
empirical studies to further measure such influences.  
 
In addition, our study explores the effect of the type of subject (acting as individual or 
organizational member) as a moderator, which has not been significantly considered 
in prior research. Our results show that the influence of determinants on user 
acceptance is stronger when a user acts as an individual than when he or she is in a 
role of an organizational member. We suggest future empirical studies should further 
explore the role of subject as a contingency variable to understand the behavioral 
difference of technology adoption between individuals and organizational members.   
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