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Abstract

With the rapid change in all types of working environment, there is a need to implement electronic learning (e-learning)

systems to train people in new technologies, products, and services. However, the large investment in e-learning has made user

acceptance an increasingly critical issue for technology implementation and management. Although user acceptance received

fairly extensive attention in prior research, efforts were needed to examine or validate previous results, especially in different

technologies, user populations, and/or organizational contexts. We therefore proposed a new construct, perceived credibility, to

examine the applicability of the technology acceptance model (TAM) in explaining engineers’ decisions to accept e-learning,

and address a pragmatic technology management issue. Based on a sample of 140 engineers taken from six international

companies, the results strongly support the extended TAM in predicting engineers’ intention to use e-learning.
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1. Introduction

The shift from a product-based to a knowledge-

based economy has resulted in an increased demand

for knowledge workers who are capable of higher-

order thinking and reasoning to solve intricate pro-

blems in the work place. This requires organizations to

educate and train anyone, anytime, and from anywhere.

For this task, asynchronous e-learning, defined as

instructional content or learning experience delivered

or enabled by electronic technologies including the

Internet, intranets, and extranets [16,25], breaks the

limitations of time and space and also creates many

benefits, including reduced cost, regulatory compli-

ance, meeting business needs, retraining of employees,

low recurring cost, and customer support [4,15,17].

The impact of e-learning is real and it has received

fairly extensive attention from practitioners and infor-

mation system (IS) researchers [31]. Furthermore,

analysts forecast that corporate spending on e-learning

programs will top US$ 23 billion by 2004 [21].
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E-learning is reported to be a means of solving learning

and performance problems and has become an increas-

ingly critical issue.

Although there have been rapid advances in hard-

ware and software capabilities, the problem of under-

utilized systems still remains [22,28,29,39]. The

technology acceptance model (TAM) [10,11], adapted

from theory of reasoned action (TRA) [3,13], has been

used as the theoretical basis for many empirical studies

of user technology acceptance [33,35,37]. Apparently,

it is the most promising way to overcome the problem of

underutilized systems. However, e-learning is relatively

new and electronic learners (e-learners) are a specific

user group. Thus, existing variables of TAM cannot

fully reflect e-learners’ motives, requiring a search for

additional intrinsic motivation factors.

Privacy and security features have been heavily

emphasized in the e-commerce context [5,14,32]. Pro-

tecting private information (e.g., education records3)

will also affect e-learners’ willingness to accept e-

learning. These issues have not yet been empirically

examined in an e-learning context. This study was

started to respond both to prior studies’ indication of

the need for a broader exploration of factors beyond the

original TAM [20,23] and to a prior study’s suggestion

for more examination of the role computer self-efficacy

plays in predicting IT usage behavior [7]. The study

proposes a new construct, ‘‘perceived credibility,’’ to

enhance understanding of an engineer’s acceptance of

e-learning. Also, it shows that computer self-efficacy

has a significant effect on behavioral intention to use

e-learning.

2. Theoretical development

Similar to prior research on TAM [6,19,24], the

‘‘attitude’’ construct was removed to simplify the

model. Fig. 1 depicts the research model for the study,

excluding actual behavior but expanding computer

self-efficacy and perceived credibility. This is based

on prior research, which suggested that user accep-

tance is determined by two key beliefs: perceived

usefulness and perceived ease of use. In addition,

two variables, computer self-efficacy and perceived

credibility were integrated into TAM to adapt it for the

empirical study of e-learning.

2.1. Computer self-efficacy

In an IS/IT context, computer self-efficacy is

defined as ‘‘an individual’s perceptions of his or her

ability to use computers in the accomplishment of a

task rather than reflecting simple component skills’’

[8]. Significant influences of computer self-efficacy on

perceived usefulness have been empirically validated.

Additionally, the relationship between computer self-

efficacy and perceived ease of use was based on

theoretical argument [26] and this was empirically

examined to see whether there exists a causal link

between computer self-efficacy and perceived ease of

use [2,36]. These suggest that computer self-efficacy

has a significant positive effect on perceived ease of

use of e-learning. The relationship between computer
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Fig. 1. Research model.

3 Family Educational Rights and Privacy Act (FERPA) defines

educational records as: student’s date and place of birth, parent(s)

and/or guardian addresses, grades, test scores, courses taken, etc.
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self-efficacy and perceived credibility has not yet been

empirically validated, however, Hoffman et al. [18]

analysed data from the 1997 CommerceNet/Nielsen

Internet Demographic Survey and found that it is

apparent that negative perceptions regarding privacy

and security increase in conjunction with levels of

online proficiency (described here as ‘‘computer self-

efficacy’’). The more experience one acquires online,

the more important are concerns of control over perso-

nal information, implying that computer self-efficacy

will have a negative effect on perceived credibility in an

e-learning context. Therefore, we hypothesized:

H1. Computer self-efficacy will have a positive effect

on perceived usefulness of e-learning.

H2. Computer self-efficacy will have a positive effect

on perceived ease of use of e-learning.

H3. Computer self-efficacy will have a negative

effect on perceived credibility of e-learning.

2.2. Perceived usefulness

Perceived usefulness is the degree to which a person

believes that using a particular system would enhance

his or her job performance. Within a high-tech context,

engineers are generally reinforced for good perfor-

mance by raises, promotions, bonuses, etc. This

implies that an e-learning system with a high level

of perceived usefulness is one for which a user

believes that there is a positive user–performance

relationship. There is also extensive research in the

IS community providing evidences of the effect of

perceived usefulness on behavioral intention to use

[38]. The ultimate reason that engineers exploit e-

learning is that they find the system improves their

performance. Therefore, we hypothesized:

H4. Perceived usefulness will have a positive effect

on the behavioral intention to use e-learning.

2.3. Perceived ease of use

Perceived ease of use is the degree to which a person

believes that using a particular system would be free of

effort. It is expected to influence perceived usefulness,

behavioral intention to use, and perceived credibility.

Extensive research over the past decade has provided

evidence that perceived ease of use has a significant

effect on behavioral intention to use, either directly or

indirectly, through its effect on perceived usefulness

[1,34]. On the other hand, Moon and Kim [27] pointed

out that ITs that are easier to use will be less threatening

to the individual, implying that perceived ease of use

will have a positive effect on users’ perceived credibility

as interacting with e-learning. Thus, we hypothesized:

H5. Perceived ease of use will have a positive effect

on perceived usefulness of e-learning.

H6. Perceived ease of use will have a positive effect

on behavioral intention to use e-learning.

H7. Perceived ease of use will have a positive effect

on perceived credibility of e-learning.

2.4. Perceived credibility

Similar to consumers’ concerns, an e-learning

system with assurance that users are free of privacy

and security threats is expected to affect e-learners’

willingness to accept it. Consequently, a new construct,

perceived credibility, is proposed to enhance our under-

standing of a user’s acceptance behavior. In contrast to

previous research, we used a more limited definition.

Perceived credibility was defined as the degree to which

a person believed that using a particular system would

be free of privacy and security threats. In addition to

concerns with perceptions of usefulness and ease of use,

behavioral intention to use might be affected by users’

perceptions of credible issues about privacy and secu-

rity in an e-learning context. Thus, we hypothesized:

H8. Perceived credibility will have a positive effect

on behavioral intention to use e-learning.

3. Methodology

3.1. Measures

To ensure content validity of the scales, the items

must represent the concept about which generali-

zations are to be made. Items selected for the con-

structs were adapted mainly from previous research.
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Computer self-efficacy was measured by four items

adapted from Compeau et al. [9]. Items measuring

perceived usefulness and perceived ease of use were

taken from a previously validated inventory and mod-

ified to fit the specific technology. Two statements

specifically developed for this study measured

perceived credibility. Finally, the items to measure

behavioral intention to use were taken from previous

application of TAM. The respondents indicated their

agreement or disagreement with the survey instru-

ments using a seven-point Likert-type scale. Pre-test-

ing and pilot testing of measures were conducted by

selected users from the e-learning field, as well as

experts in the area. The items were modified to make

them relevant to the e-learning usage context. The

Appendix A lists the items used.

3.2. Subjects

Data used to test the research model was obtained

mainly from six international organizations: Taiwan

Semiconductor Manufacturing Corporation (TSMC),

United Microelectronics Corporation (UMC), Compal

Electronics, Inc., MiTAC International Corporation,

Dell Taiwan, and AU Optronics Corporation (AUO).

Each company had implemented e-learning and each

respondent had experience in using it. The respon-

dents self-administered a 16-item questionnaire. For

each question, respondents were asked to circle the

response which best described their level of agreement

with the statements. Of the 176 surveys, 140 useful

responses were returned and thus the response rate was

75.3%. The respondents averaged 31 years in age and

had 10 years of experience in computer; the male-to-

female ratio was approximately 1.6 to 1. Thirty-one

percent had completed only one college or university

degree; a further 28 percent had completed post-

graduate degrees.

4. Data analysis and results

4.1. Analysis of measurement validity

Measurement validity in terms of reliability and

construct validity was evaluated. Reliability of the

instrument was evaluated using Cronbach’s alpha.

All the values were above 0.8 (see Table 1), exceeding

the common threshold value recommended by Nunn-

ally [30]. A correlation matrix approach and factor

analysis were applied to examine the convergent and

discriminant validity [12]. As summarized in Table 2,

the smallest within-factor correlations are: computer

self-efficacy ¼ 0:70; perceived usefulness ¼ 0:71;

perceived ease of use ¼ 0:54; perceived credibility ¼
0:78; and behavioral intention to use ¼ 0:85. In addi-

tion, each smallest within-factor correlation was con-

siderably higher among items intended for the same

construct than among those designed to measure dif-

ferent constructs. This suggests adequate convergent

and discriminant validity of the measurement.

A principal component factor analysis was per-

formed and five constructs were extracted, exactly

matching the number of constructs included in the

model. As shown in Table 3, there were no cross-

loading items. Additionally, items intended to measure

the same construct exhibited prominently and distin-

ctly higher factor loadings on a single construct than

on other constructs, suggesting adequate convergent

Table 1

Descriptive statistics of items and Cronbach’s alpha

Mean S.D. Cronbach’s

alpha

Computer self-efficacy (CSE) 0.92

CSE1 5.69 1.20

CSE2 5.62 1.01

CSE3 5.73 1.09

CSE4 5.49 1.09

Perceived usefulness (PU) 0.93

PU1 5.14 1.15

PU2 5.06 1.21

PU3 5.00 1.16

PU4 5.27 1.10

Perceived ease of use (PEOU) 0.90

PEOU1 4.88 1.07

PEOU2 4.89 1.20

PEOU3 5.02 1.15

PEOU4 5.10 1.16

Perceived credibility (PC) 0.87

PC1 4.40 1.57

PC2 4.01 1.67

Behavioral intention to use (BI) 0.92

BI1 5.36 1.01

BI2 5.56 1.03

See appendix for abbreviation in Tables 1–3 and 5.
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and discriminant validity. The observed reliability and

convergent/discriminant validity suggested adequacy

of the measurements used in the study.

4.2. Model testing results

The hypothesized relationships were tested using

the CALIS procedure of SAS 8.1. This provides

estimates of parameters and tests of fit for linear

structural equation model similar to LISREL. All

seven common goodness-of-fit indexes, summarized

in Table 4, exceeded their respective common accep-

tance levels, suggesting that the research model exhi-

bited a good fit with the data.

Properties of the causal paths, including standardized

path coefficients, P-values, and variance explained for

each equation in the hypothesized model are presented

in Fig. 2. As expected, computer self-efficacy had a

significant positive effect on both perceived usefulness

(beta ¼ 0:17, P < 0:05) and perceived ease of use

(beta ¼ 0:54, P < 0:001), whereas it had a significant

negative effect on perceived credibility (beta ¼ �0:28,

P < 0:01). Therefore, hypotheses H1, H2, and H3 were

supported. Computer self-efficacy explained 30 percent

of the variance in perceived ease of use. The total effect

Table 2

Analysis of intermeasurement correlation

CSE PU PEOU PC BI

1 2 3 4 1 2 3 4 1 2 3 4 1 2 1 2

CSE1 1.00

CSE2 0.70 1.00

CSE3 0.75 0.77 1.00

CSE4 0.74 0.71 0.75 1.00

PU1 0.39 0.41 0.37 0.51 1.00

PU2 0.37 0.31 0.30 0.46 0.79 1.00

PU3 0.33 0.35 0.28 0.42 0.74 0.83 1.00

PU4 0.39 0.40 0.41 0.44 0.71 0.76 0.76 1.00

PEOU1 0.28 0.31 0.31 0.31 0.55 0.55 0.55 0.56 1.00

PEOU2 0.41 0.35 0.32 0.37 0.47 0.47 0.48 0.48 0.54 1.00

PEOU3 0.46 0.40 0.41 0.45 0.52 0.54 0.53 0.50 0.67 0.80 1.00

PEOU4 0.45 0.44 0.42 0.45 0.54 0.56 0.57 0.58 0.60 0.74 0.79 1.00

PC1 0.16 0.08 0.03 0.08 0.28 0.37 0.34 0.37 0.38 0.47 0.47 0.46 1.00

PC2 0.18 0.02 0.04 0.11 0.29 0.37 0.28 0.33 0.37 0.42 0.42 0.36 0.78 1.00

BI1 0.32 0.34 0.27 0.32 0.43 0.52 0.45 0.48 0.41 0.40 0.48 0.47 0.40 0.43 1.00

BI2 0.37 0.40 0.36 0.34 0.45 0.51 0.46 0.53 0.42 0.44 0.51 0.53 0.40 0.41 0.85 1.00

Table 3

Factor analysis results: principal component extraction

Factor

1 2 3 4 5

Computer self-efficacy (CSE)

CSE1 0.17 0.86 0.14 0.10 0.14

CSE2 0.19 0.83 0.15 0.22 �0.08

CSE3 0.17 0.88 0.13 0.13 �0.05

CSE4 0.14 0.83 0.31 0.08 0.02

Perceived usefulness (PU)

PU1 0.23 0.26 0.81 0.15 0.10

PU2 0.20 0.17 0.85 0.23 0.19

PU3 0.26 0.14 0.85 0.18 0.10

PU4 0.22 0.24 0.77 0.24 0.16

Perceived ease of use (PEOU)

PEOU1 0.62 0.10 0.45 0.16 0.14

PEOU2 0.79 0.21 0.21 0.14 0.27

PEOU3 0.81 0.26 0.26 0.21 0.23

PEOU4 0.74 0.27 0.33 0.23 0.18

Perceived credibility (PC)

PC1 0.27 �0.02 0.16 0.17 0.86

PC2 0.16 0.01 0.15 0.19 0.90

Behavioral intention to use (BI)

BI1 0.17 0.15 0.25 0.88 0.21

BI2 0.22 0.21 0.24 0.86 0.18
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of computer self-efficacy on behavioral intention to use

was 0.33.

Perceived usefulness had a significant positive

effect on behavioral intention to use (beta ¼ 0:34,

P < 0:01) and 50% of the variance in perceived

usefulness was explained by computer self-efficacy

and perceived ease of use. Perceived ease of use

was found to be a significant factor in determining

perceived usefulness (beta ¼ 0:60, P < 0:001),

behavioral intention to use (beta ¼ 0:26, P < 0:05),

and perceived credibility (beta ¼ 0:72, P < 0:001).

Thus, hypotheses H4, H5, H6, and H7 were supported.

Finally, perceived credibility had a positive effect on

behavioral intention to use (beta ¼ 0:20, P < 0:05)

and 38% of the variance in perceived credibility

could be explained by computer self-efficacy and

perceived ease of use. Therefore, hypothesis H8 was

supported.

The proposed model accounted for 44% of the

variance in behavioral intention to use. According

to the path coefficients, perceived usefulness exhibited

the strongest direct effect on behavioral intention to

use. Perceived ease of use, despite showing a slightly

weaker direct effect than perceived usefulness on

behavioral intention to use, exhibited a stronger total

effect on behavioral intention to use than that of

perceived usefulness. The total effect of perceived

ease of use on behavioral intention to use was 0.61.

The direct, indirect, and total effect of computer self-

efficacy, perceived usefulness, perceived ease of use,

and perceived credibility on behavioral intention to

use were summarized in Table 5.

Table 4

Goodness-of-fit measures of the research model

Goodness-of-fit

measure

Recommended

value

Model

statistic

Chi-square/degree of freedom �3.00 1.34

Goodness-of-fit index (GFI) �0.90 0.90

Adjusted goodness-of-fit index (AGFI) �0.80 0.85

Normalized fit index (NFI) �0.90 0.93

Nonnormalized fit index (NNFI) �0.90 0.98

Comparative fit index (CFI) �0.90 0.98

Root mean square residual (RMSR) �0.10 0.04

Computer

Self-Efficacy

Perceived

Ease of Use

(R 2=0.30)

Behavioral

Intention to Use

(R 2=0 .44)

Perceived

Usefulness

(R 2=0. 50)

Perceived

Credibility

(R 2=0.38)

0.20*
 0.72***

0.26*

0.60***

0.34**

0.54***

-0.28**

0.17*

*p < 0.05; **p < 0.01; ***p < 0.001

Fig. 2. Model testing results: *P < 0:05; **P < 0:01; ***P < 0:001.

Table 5

The direct, indirect, and total effect of dominants on behavioral intention to use

Direct effect Indirect effect Total effect

PU PEOU PC BI PU PEOU PC BI PU PEOU PC BI

CSE 0.17 0.54 �0.28 0.32 0.39 0.33 0.49 0.54 0.11 0.33

PU 0.34 0.34

PEOU 0.60 0.72 0.26 0.35 0.60 0.72 0.61

PC 0.20 0.20
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5. Discussion

Computer self-efficacy appeared to be a significant

determinant of perceived usefulness, perceived ease

of use, and perceived credibility. Users who have

higher computer self-efficacy are likely to have more

positive usefulness and ease of use beliefs. This

finding also supports prior research. However, com-

puter self-efficacy had a negative effect on perceived

credibility. Possibly an individual with high computer

self-efficacy may see the limitations and lack of

privacy and security of a particular e-learning system.

The higher the computer self-efficacy of an engineer,

the more skepticism she or he may have. Although

computer self-efficacy had a negative effect on per-

ceived credibility, its total effect on perceived cred-

ibility and behavioral intention to use was still

positive.

Judged by its direct effect on behavioral intention

to use, perceived usefulness was found to be the

most significant factor affecting users’ acceptance of

e-learning. It seems that engineers have specialized

training and practice in a highly autonomous profes-

sion. Thus, an essential acceptance criterion is whether

or not the e-learning system provides useful content for

filling the needs of an individual professional. The

evaluation criterion or rationale may be, in part, rooted

in engineers’ tendency to view the e-learning system as

a tool, acceptable only when proven to provide desired

utility to them. Pedagogical principles, including prin-

ciples of developing content and packaging content,

could be employed in the development and evaluation

of useful content.

Perceived ease of use was found to have the most

significant effect on behavioral intention to use. This

suggests that a user’s belief of ease of use is a crucial

antecedent to her or his perceptions of usefulness

and credibility of e-learning. As expected, perceived

credibility was found to be another important factor

influencing users’ intention to use e-learning, indicat-

ing that it is not sufficient to develop an e-learning

system with valuable functions and user-friendly inter-

action to attract more users to use. It is of paramount

importance to develop e-learning with a trustworthy

protection of education records to assure e-learners

that they are free of privacy and security threats.

Education records are of importance and sensitivity

to e-learners.

6. Conclusions

Using the extended model as a theoretical frame-

work, this study helps practitioners and researchers

better understand why people resist using e-learning,

predict how users will respond to e-learning, and

increase user acceptance by improving the tech-

niques and processes by which they are implemen-

ted. Also, it can help researchers considerate our

findings for development and evaluation of e-learning

theories.

Major contributions are:

1. Our results demonstrate how perceived credibility

influences users’ attitudes toward using e-learning:

they must assure e-learners that they are free of

privacy and security threats.

2. Perceived usefulness has the most significant

direct effect on behavioral intention to use

e-learning: they must provide useful content to

attract ‘pragmatic’ users to use.

3. Perceived ease of use was found to be an

important antecedent of perceived usefulness and

perceived credibility. User-friendliness is also

important for the success of e-learning and will

increase e-learners’ perceptions of perceived

usefulness and perceived credibility.

4. TAM has been extended in an e-learning context.

5. Computer self-efficacy had a positive effect on

perceived usefulness and perceived ease of use,

whereas it had a negative effect on perceived

credibility.

Four limitations of this study should be noted. First,

investigating acceptance of e-learning is relatively

new. The findings and their implications are obtained

from a single study of a particular technology in

Taiwan. Thus, caution needs to be taken when general-

izing our findings. Second, responses were voluntary

and thus inevitably subject to self-selection biases.

Conceivably, users who were interested in, had used,

or were currently using e-learning were more likely to

respond. Third, the R-square reported by the current

research represents another limitation: there may be a

need to search for additional variables (e.g., subjective

norm, gender, internet experience, level of education)

to improve our ability to predict usage intentions more

accurately. Finally, the study was conducted with a

snapshot research approach. Additional efforts are
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needed to evaluate the validity of the proposed model

and our findings.

There are several implications for e-learning man-

agement based on our findings.

1. It is important for e-learning to be useful by

enhancing the recipient’s job performance or

productivity.

2. Although perceived usefulness was the most

significant direct effect on behavioral intention

to use, perceived ease of use has a stronger total

effect than perceived usefulness. Therefore, being

a user-friendly system is also important for its

success.

3. This study confirms the significant influence of

perceived credibility on behavioral intention to

use e-learning. It must assure e-learners that they

are free of privacy and security threats. In

addition, perceived credibility seems to influence

users’ attitudes toward using e-learning.

4. Perceived usefulness, perceived ease of use, and

perceived credibility are more ‘‘system-specific’’

in the sense that they refer to the perceptions of a

particular system, whereas computer self-efficacy

as examined here is more general. Managers and

developers can increase users’ usage intention

through this. In businesses, human resource

managers can provide training courses to increase

employees’ familiarity with computing technolo-

gies. Such education need not be formal and may

take any form (e.g., seminars and informal

discussions).
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