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Predicting User Intentions. Comparing the Technology Acceptance Model with

the Theory of Planned Behavior

Abstract

Information systems (IS) cannot be effective untbey are used. However, people sometimes
do not use systems that could potentially incrélasie performance. This study compares two
models that predict an individual's intention te a IS: the technology acceptance model
(TAM) and the theory of planned behavior (TPB).eTdomparison was designed to be as fair as
possible, not favoring one model over the othesthBTAM and TPB predicted intention to use
an IS quite well, with TAM having a slight empiriadvantage. TAM is easier to apply, but
only supplies very general information on usergigns about a system. TPB provides more

specific information that can better guide develepim



1 Introduction

Information systems (IS) have the potential to iowerorganizational performance, but only
if they are actually used. Although firms requtinat certain systems be used for some tasks, in
other cases system use is voluntary. The more gyedems are used, the greater the impact they
can have (Trice & Treacy, 1988). People are sonetiunwilling to use systems, however, even
if the IS could increase their job performance Keison, 1981).

Since systems that are not used cannot be effeativmatter what their technical merits, it is
important to understand how people decide whetter will use a particular IS. The issues that
influence this decision are likely to vary with tegstem, the individual, and the context. If these
issues can be identified, developers can take thenmaccount during system design.

Note that the emphasis is on_IS uset the IS itself. An individual might feel thatsystem
could help improve decision making, but not udgeitause of lack of convenient access to a
terminal, lack of time, etc. Research in socigkcpslogy shows that behavior is best predicted
by an individual's attitude towards the behaviselit (such as using an IS), rather than his or her
attitude towards objects involved in the behavsurch as the IS) (Fishbein & Ajzen, 1975). A
positive evaluation of an IS may be a necessarmbualways sufficient condition for system
use.

Developers employ a number of techniques to ertbatausers will accept the systems they
build. User participation in design is seen agwtk achieving acceptance. Although the
empirical evidence is mixed (Barki & Hartwick, 198fnany believe that systems developed
with user participation will better match user regments and capabilities than systems
designed solely by IS professionals. In some systevelopment methodologies (e.g., Naumann
& Jenkins, 1982; Gane 1989), a small group of ugarcipate heavily in systems specification
and logical design. However, this approach may beleffective if the users participating in the
design are representative of the final user b&gken a system is designed to serve a large
number of people, perhaps the development teandkagure that an IS acceptable to the team

is also acceptable to the broad spectrum of users.



During development, it is difficult to estimate eweal system use, since the system does not
yet exist. An individual's intention to use thestgyn can be measured, however. There is
considerable evidence that intention to perfornefaalvior predicts actual behavior (Sheppard,
Hartwick, and Warshaw, 1988).

Measuring user acceptance is not important onlindudesign or immediately after
implementation. Over time, there will be changethe system, the users, and the environment
in which both operate (Swanson, 1988). The busieasironment might change, affecting
users' information requirements. Changes madatisfysone group of users may make the
system less suitable for other purposes. Usepgatations might change as they become more
familiar with 1S technology, and what was once atable may no longer be adequate (Doll &
Ahmed, 1983).

This study compares two models that predict arviddal's intention to use an IS. The first
is the technology acceptance model (TAM), spedlfictesigned by Davis (1986) to predict use
of an IS. The second is the theory of planned \ieh&TPB), discussed by Ajzen (1985; 1989).
TPB was designed to predict behavior across matipnge and can be applied to IS use.

The models are compared on three criteria. Fist; well do they predict the user's
intention to use an I1S? If one model predictsntiten much better than another, it can provide a
more accurate picture of the issues that develgbersld consider in addressing system accept-
ability. Answering this question requires a faim@rical comparison, that is, a comparison that
is not biased in favor of one model or the oth®econd, how valuable is the information
provided by the models? If the models do not sppgbrmation that can guide development,
they will not be useful to systems analysts, notendtow well they predict intention. Third, how
difficult are the models to apply? Ideally, thedets would provide valuable information at a
low cost. Answers to these questions will helpidiedirst, whether the models are useful at all,
and, second, the conditions under which one mighhbre useful than the other.

The paper proceeds as follows. First, TAM and BrBdescribed, and the differences

between them examined. The conditions necessagyflor comparison, identified by Cooper



and Richardson (1986), are reviewed. Second, airieal study, designed to compare the
extent to which the models predict intention to asystem, is described. Its results are then
presented. Finally, the limitations of the studg @ahe implications of its findings are discussed.

2. TheModels

2.1, The Technology Acceptance Model
TAM:
... Is specifically meant to explain computer ushegeavior.... (p. 983) The goal of TAM
is to [be] ... capable of explaining user behawinoss a broad range of end-user
computing technologies and user populations, wdtithe same time being both par-
simonious and theoretically justified. (p. 985)
(Davis, Bagozzi, & Warshaw, 1989)
Figure 1 shows the model. Ease of use (EOU) esdidgree to which the ... user expects the
target system to be free of effort" (Davis et 8889, p. 985). Usefulness (U) is the user's
"subjective probability that using a specific apption system will increase his or her job
performance within an organizational context" (5P U is influenced by EOU. Both EOU
and U predict attitude (A), defined as the userduation of the desirability of his or her using
the system. A and U influence the individual'®mion to use the system (I). Actual use of the

system is predicted by I.

Figure 1 about here |

TAM is fairly new, and has not been extensivelydds The empirical tests that have been
conducted suggest it predicts intention fairly weédavis et al. (1989) found that TAM success-
fully predicted use of a word processing packagavis (1989) reports that EOU and U were
significantly correlated with use of an office autation package, a text editor, and two graphics

packages.



2.2. The Theory of Planned Behavior

TPB is outlined in Figure 2. Behavior is deterndiry intention (I) to perform the behavior.
Intention is predicted by three factors: attituoard the behavior (A), subjective norms (SN),
and perceived behavioral control (PBC). Both A hatk defined as for TAM. SN is the in-
dividual's perception of social pressure to perftmmbehavior. PBC is the individual's

perception of his or her control over performantthe behavior.

Figure 2 about here |

Beliefs are antecedent to attitude, subjective spand perceived behavioral control.
Attitude is a function of the products of behavidreliefs and outcome evaluations. A be-
havioral belief is the subjective probability thiaé behavior will lead to a particular outcome.
The outcomes are fairly specific, utilitarian outees, such as "Using the system will save time
compared to current methods.” An outcome evaloasi@ rating of the desirability of the
outcome. The following equation reflects this e

nb
A = % bbj oej
i =1

where

bbI = behavioral belief i
og = outcome evaluation of belief i

np = number of salient outcomes

As an example, suppose a sales representativasgdeoing using a laptop PC to access a
central database on product availability. A patdmutcome from using the system is improved
customer service. The relevant behavioral bedi¢he extent to which she believes using the
system will improve customer service. The assediautcome evaluation would be the

importance of improving customer service. Becdedmvioral beliefs and outcome evaluations



are multiplied, they would have the greatest impeacattitude if botl{1) the sales representative
felt that the system would improve customer sepnacel(2) improving customer service is
important.

Subjective norms reflect the perceived opinionsetérent others. A "referent other" is a
person or group whose beliefs may be importarttédridividual. A normative belief is the indi-
vidual's perception of a referent other's opinibaw the individual's performance of the
behavior. Motivation to comply is the extent toigéhthe person wants to comply with the
wishes of the referent other. In equation form:

No
SN = Y nbj ntj
i=1

where

nbI = normative belief about referent other i
mg = motivation to comply with referent other i

Ng = number of salient others

In the example above, the sales representativetif@ghthat the other sales representatives
would approve of her using the system. This wdndca normative belief. The relevant
motivation to comply is the importance she attadbebe opinions of other sales rep-
resentatives. Again, the two are multiplied, sereif she felt that other representatives would
approve of her using the laptop, this would notaetpher intention to use the system if she did
not care about their opinions.

Perceived behavioral control (PBC) refers to thtbviidlual's perceptions of "... the presence
or absence of requisite resources and opportuh({tgsen & Madden, 1986, p. 457) necessary
to perform the behavior. PBC depends on contri¢fseand perceived facilitation. A control

belief is a perception of the availability of skillesources, and opportunities. Perceived facili-



tation is the individual's assessment of the ingrare of those resources to the achievement of

outcomes. The appropriate equation is:

Nc
PBC = > chj pfj
i=1

where

cloI = control belief about availability of skill, resace, or opportunity i
pfi = perceived facilitation of skill, resource, orpaptunity i

nc = number of salient skills, resources, or oppaties

Control beliefs can be situational (e.g., havingeas to a terminal) as well as personal (e.qg.,
being able to use a system). PBC goes beyond Téds of use (EOU) construct to embrace
other barriers to system use. Suppose that theddC in the example above requires access to
a telephone to contact a central mainframe. Thes sapresentative often visits building sites,
where there is no telephone available. Her cotebef about the availability of a telephone
(one of resources required to perform the behawor)ld be low. However, she might rate the
perceived facilitation of telephone availabilityldgh. That is, telephone access is important, but
it is often not available.

Overall, the sales representative might not beniadlto use the system. Although the
behavior (system use) might achieve a valuableoougc(improved customer service), there
would be little social benefit, and she does neeheasy access to all of the necessary resources.

The weights in the equations (pmq, and pp can be measured in two ways. First, the
individual can be asked to specify them usinggfample, a Likert scale (direct assessment).
Second, the weights can be estimated as coefficiemegression equations (indirect as-
sessment). Direct assessment is useful when ssilojisagree about the sign of a weight

(Fishbein & Ajzen, 1975, p. 238). However:



When the evaluative polarity of an outcome is yammogeneous across
subjects, the corresponding belief tends to be toomally related to
attitudes, and statistically estimated weights tenalccurately capture the
actual usage of information cues ... and genepaéigict dependent vari-
ables as well as subjective weights....

Davis et al. (1989), p. 988

Both approaches are compared below for the IS-ase. ¢

Since the theory of planned behavior (TPB) is yanew, there have been relatively few
empirical tests of its effectiveness. Schifter gén (1985) successfully applied TPB to the
prediction of weight loss behavior. Ajzen & Madd@m®86) used TPB to predict students' de-
cisions about attending class and earning a gcaakegr

There have been more tests of the theory of redsacteon (TRA), on which TPB is based.
The main difference between the models is that Teés not consider perceived behavioral
control. It predicts behavior solely from attitsdend subjective norms, and is predictive in those
situations were there are no significant barriersehavioral performance (Fishbein & Ajzen,
1975). Sheppard et al. (1988) report a meta-aisaby87 studies from which they concluded
that there is "strong support for the overall pcade utility of the Fishbein and Ajzen [TRA]
model” (p. 336). In the computing domain, YeamB®88) found that TRA predicted intention
to learn to use a microcomputer, although subjeatirms did not contribute to the prediction.
Dauvis et al. (1989) reported that TRA predicte@imion to use a word processing program, al-

though, again, subjective norms did not contriltatdhe explained variance.

2.3. Differences Between the Models
There are three main differences between TAM an. TPhe first is their varying degree of
generality. The second is that TAM does not expficnclude any social variables. The third is

that the models treat behavioral control diffengnttach of these points is discussed below.



2.3.1. DegreeOf Generality

TAM assumes that beliefs about usefulness and@asse are always the primary de-
terminants of use decisions. This was a consabage on the part of Davis et al. (1989), since
they wanted to use "a belief set that ... readlyagalizes to different computer systems and user
populations” (p. 988). TPB uses beliefs that pexdic to each situation. The model does not
assume that beliefs that apply in one context abgady in other contexts. Although some beliefs
may generalize across contexts, others may not.

This difference between the models raises threeeros. First, in some situations there
could be variables besides ease of use and ussfuinat predict intention. For example,
accessibility might be an important factor for gs&ho are not always near a terminal.
Identifying such beliefs is part of the standardhméology for using TPB. While such explo-
ration is not excluded from TAM, it is not an essarpart of the model.

Second, TPB is more difficult to apply across deeeuser contexts than TAM. TAM's
constructs are measured in the same way in evegtisin. TPB requires a pilot study to identify
relevant outcomes, referent groups, and contrahlobas in every context in which it is used.
This can be complex if different user groups foonglifferent outcomes from use of the same
system. For example, students using a computeddehrning system might be interested in
maximizing exam scores, while instructors are ggted in saving class time. Ideally, TPB's
instruments would be tailored to each group.

Third, some TPB items require an explicit behavialernative if they are to be as specific
as possible. For example, in asking someone whatlieg a spreadsheet for sales forecasting
will save time (a behavioral belief), it is bestegplicitly identify an alternative behavior so tha
the basis for comparison is clear. Potential useght be asked to respond to the following
item: "Using a spreadsheet instead of a calculaidbsave me time in developing sales forecasts.
(Agree/Disagree)." TAM does not require the id@rdtion of a specific comparison behavior.
The advantage of TPB's approach is that all respaischre making the same comparison. The

comparison target is not specified in TAM's instants, and may vary across subjects (Ryan &



Bock, 1990). The disadvantage of TPB's approattmaisthis reference point may not apply to
all individuals. For example, some people may &eegating sales forecasts using a specialized
DSS instead of a calculator, so the question maprawvide a useful comparison to current
practices.

2.3.2. Social Variables

The second major difference between TAM and TPBas TAM does not explicitly include
any social variables. These are important if ttegyture variance that is not already explained by
other variables in the model. Dauvis et al. (1988t out that social norms are not independent
of outcomes. For example, an individual might pare pressure from his or her supervisor to
use a system, with an implied outcome of non-usagkee poor performance evaluation. That is,
social norms will already have been taken into antto some extent in the evaluation of
outcomes.

However, the social variables in TPB may still ceptunique variance in intention. There
could be social effects that are not directly lidkte job-related outcomes such as usefulness.
For example, some individuals might use a systeraudme they think they will be perceived by
their coworkers as technologically sophisticat&tlis motivation is more likely to be captured
by TPB than by TAM.

2.3.3. Behavioral Control

The third major difference between TAM and TPBhsit treatment of behavioral control,
referring to the skills, opportunities, and res@sroeeded to use the system. The only such
variable included in TAM is ease of use (EOU). mxang the EOU items used by Davis (1989,
p. 340), it is apparent that EOU refers to the maketween the respondent's capabilities and the
skills required by the system. The items incluldedfning to operate [the system] would be easy
for me," and "My interaction with [the system] wdlde clear and understandable.”

Although possession of requisite skills is impottaometimes other control issues will arise.
Ajzen (1985) differentiates between internal colnfimotors that are characteristics of the

individual, and external factors that depend onstheation. Internal factors include skill and
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will power. External control factors include timegportunity, and the cooperation of others.

For instance, where connect time and CPU usageharged to user departments, some people
might not have the resources necessary to usdansysven if they feel they could benefit from
doing so and have the necessary skills. In otloedsy they are denied the opportunity to use the
system by external factors.

EOU corresponds to the internal factor of skillowéver, external control issues are not
considered in TAM in any obvious way. Althougltauld be argued that the EOU item "I
would find [the system] easy to use" (from Davi@89) implies that respondents consider
external control issues, this is not explicit.

Some control factors will be stable across situtjavhile others will vary from context to
context (Ajzen, 1985). An individual takes the saskills from situation to situation, and to the
extent that similar skills are required for diffetdéS-related tasks, ability should be a fairlybita
control factor. In fact, Hill, Smith, and Mann @B found that a general efficacy measure
predicted intentions to use a wide range of teagioally advanced products. However, some
control issues will be idiosyncratic to particutarcumstances. For example, while the
availability of a telephone line was importanthe sales representative, it will not be important
to other people in other situations.

TPB taps the important control variables for eattraion independently, and is more likely
to capture such situation-specific factors. TAMeiss likely to identify idiosyncratic barriers to
use. This is in keeping with the stated objectiv®avis et al. (1989) to develop a model that is
applicable across many situations, but will cabgenbodel to miss control issues that are

important in particular contexts.

24. Ensuring a Fair Comparison
A study comparing two models should not be biasddvor of one or the other. Cooper and
Richardson (1986) maintain that a fair comparisosspsses (a) procedural equivalence, and (b)

distributional equivalence. A procedurally equergitest provides equally careful measures of
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each theory's constructs and "equivalent fidetitthie boundary conditions for each of the
competing theories" (p. 179). Distributional ecalence requires that "the factors or variables
[being assessed] vary over equivalent ranges okgah their respective populations” (p. 179).

The first condition for procedural equivalencehattthe boundary conditions of both theories
be observed. The most important difference in damnconditions is that TPB is more specific.
Dimensions of specificity include action, targeintext, and time (Ajzen & Fishbein, 1980, p.
34). In this study, a group of relatively homogeus subjects indicated their intention to use
(action) either a particular spreadsheet or a tatiou(target) to solve a specific problem
(context) within a certain period (time). The saiion is specific enough for TPB and also
respects the broader boundary conditions of TAM.

Second, equal attention should be given to measmenAttitude and intention have the
same definitions in both TAM and TPB, so the samne@asuares were used. TAM's ease of use
(EOU) and usefulness (U) variables were measured usstruments developed by Davis
(1989). TPB's measures were constructed usingrteedures recommended for TRA in Ajzen
and Fishbein (1980), extended to include the comtmables. Ajzen and Madden (1986) used
the same approach. For both TAM and TPB, the nmeasent procedures developed by the
theories' authors were adopted.

Distributional equivalence is more difficult to abtish, since it requires knowledge of
population variances. These are not known, sailoligional equivalence is not guaranteed.
Two suggestions can be made, however. First, sighje this study were sampled from the
same population, and were randomly assigned tereitle TAM or TPB groups. Since the same
measures for intention and attitude were useddidr BAM and TPB, these variables should
possess distributional equivalence. There shoellddolarge differences in means or standard
deviations across the groups. This can be testgitieally. Second, the standard deviations of
those variables that are not common to both mddatsh as TAM's usefulness and TPB's belief

variables) can be examined for obvious cases gferastriction.
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An important aspect of this study is that both nigaeere tested in the same context, using
subjects sampled from the same population, fatiagdme usage decision about the same types
of systems. Because of this commonality, obsediéerences between the models are likely to
be due to the models themselves, rather than elifées in the contexts in which they were used.

3. M ethodology

3.1. Subjects, Setting and Procedure

The subjects were juniors and seniors in an intttmy management course at a western
university. They received class credit for paption. There were 163 males and 99 females in
the sample. Their average age was 22.3 yearsy lidtetaken an average of 10.9 college
semester credit hours of computer-related courddee task is shown in Appendix 1. It can be
completed using either a spreadsheet or a calcul&abjects were free to choose either solution
method.

A pilot study was conducted to identify salientibfd for the TPB conditions, using the
procedure discussed in Ajzen and Fishbein (1980jroup of 18 students, none of whom were
in the main sample, participated. They were ga@opy of the task, and responded to the open-
ended guestions shown in Appendix 2. They were @ad&ed to identify the spreadsheet package
with which they were most familiar.

For outcome- and control-related issues, only fehgentioned by at least 50% of the
subjects were retained. The relevant outcomefbeliere: (1) time taken to complete the
assignment, and (2) solution accuracy. Theseiaitasto beliefs elicited by Davis et al. (1989).
The control beliefs were: (1) knowledge of usehaf $preadsheet, (2) access to the spreadsheet,
and (3) portability of the spreadsheet. The 50fmon was not reached for any referent other,
so the three most frequently mentioned referents weluded. The referent groups were:
instructors in courses other than the one in wthehassignment was given (mentioned by 7

subjects), employers (mentioned by 4), and oth&tesits (mentioned by 5). Some subjects
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mentioned the instructor of the course in whichaegignment was given. However, to
emphasize that spreadsheet use was completelytapjuthis referent was not used.

Data for the main study were gathered using twopder programs developed by the
author. Figure 3 shows a sample screen. Onegrogdministered TAM's instruments while
the other administered TPB's instruments. Subjegtsrted to one of a number of sessions held
in a computer laboratory. They selected a PC, wfaadomly chose whether it would run the
TAM or TPB program. The researcher did not knowchlprogram the computer would run.
Each subject ran only one of the programs, to azordamination across instruments. The TAM

program was used by 149 subjects and the TPB progyal 13 subjects.

| | nsert Figure 3 about here |

The programs first administered a computing abgifgstionnaire adapted from Cheney and
Nelson (1988). The questionnaire served two p@posirst, it contained a disguised validity
instrument, designed to improve data quality bynglating subjects who either (1) did not pay
attention to the items, or (2) did not respond lstlge The items are described later. Second, the
ability questionnaire identified the spreadsheeheaibject used most frequently. The list of
packages was developed from the pilot study regsonshe spreadsheet each subject selected
was mentioned by name in all of the appropriat@#eas shown in Figure 3. This had the
advantages of (1) increasing the specificity ofitams, by keeping subjects focused on a
particular package, and (2) maximizing the amodimformation subjects had about the
package mentioned in the items, by focusing orpt&kage with which each subject was most
familiar. The disadvantage is that subjects redpdrio items about different spreadsheet
packages. Differences in responses across packagesontrolled statistically, as discussed
later.

After the ability questionnaire, the programs adstered either the TAM or TPB items. The
TPB program took longer to run, since it asked nturestions. If subjects had been allowed to

leave when they had finished their programs, tealte might have systematically biased, since
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(1) subjects seeing others leave might rush throloglitems, and (2) TAM subjects were likely
to finish first. To avoid this problem, subjecthaviinished early were given a selection of

computer games to play until everyone in that sessad finished.

3.2. I nstruments

Three of the computing ability items formed a vajidcale. Subjects were asked to identity
the (1) network recognition system, (2) dynamic poession system, and (3) hierarchical
transition system with which they were most familido the author's knowledge, these do not
exist. They were also asked to rate their degréanaliarity with the packages they selected.
Appendix 3 shows a sample pair of items. Respotastee three familiarity items were
averaged to obtain a validity score.

TAM's ease of use (EOU) and usefulness (U) construere measured using the instruments
reported in Davis (1989). The items were frameteims of the specific task. TPB's belief
(behavioral, normative, and control) and evaluafmutcome, motivation to comply, and
perceived facilitation) items were derived from thiet study discussed earlier. Appendix 3
shows sample items. The attitude, subjective npp@xeived behavioral control, and intention
instruments are shown in Appendix 3. The attitadé intention instruments were common to
TAM and TPB.

4, Results

This section presents the results of the studgst,Rhe use of the validity scores and the
instruments' inter-item reliabilities are discuss&skcond, the distributional equivalence of the
samples is considered. Third, differences betwesponses relative to different spreadsheets are
examined. Fourth, the extent to which TAM and Té&lain intention in discussed. Finally,

the differences between assessed and estimateltsvéag TPB are considered.

4.1. Validity Scale and Instrument Reliabilities

Analysis of the validity scale showed that mostjscis were honest about their abilities.

Only 15 subjects listed their skills as higher tHaw' on the non-existent systems. Those sub-
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jects were dropped, leaving 247 in the sample.leTalshows the inter-item reliabilities for each

multi-item instrument, calculated using Cronbaelydha. All of the values are acceptable.

| Table 1 about here |

4.2. Distributional Equivalence
Tables 2 and 3 give descriptive statistics forfiAd and TPB groups. There is no dif-
ference in mean attitude (t = 0.666, df=245, p>@v@&-tailed) or intention (t=1.485, df=245,

p>0.05 two-tailed) between the groups. Therese ab difference in the variance of intention

(F=1.108, y=138, =107, p>0.05 two-tailed). However, the variancattude for TAM is
slightly higher than the variance for TPB (F=1.5385138, =107, p<0.05 two-tailed). The

difference between is small, however, and is uhfike strongly bias the results.

| Tables 2 and 3 about here |

There are no obvious restrictions in range or waedor the TAM variables. For some TPB
variables, however, one end of the variable's ramgathin one standard deviation of its mean.
The variables are OE Accuracy, NB Employers, MC Eygrs, PF Knowledge, PF Access, and
CB Portability. As discussed later, only NB Emmoyand CB Portability were used in analyses
that would be affected by this problem. Estimatiethe true effects of these two variables may

be biased downward (Cooper & Richardson, 198679¢).1

4.3. Differences Between Spreadsheets

For both TAM and TPB, a family of regressions wasdito test for differences in responses
across spreadsheets. Most subjects chose oneefdbreadsheets: Lotus 123 (123 subjects),
Framework (54), and Quattro (44). Twenty-six satgehose one of four other systems (such as
Multiplan); they were not used for this analysfs modified Bonferonni test was used for both
models with a family significance level of 0.15€9€ohen & Cohen, 1983, p. 167).

For TAM, four regressions were run, the independanitbles being ease of use (EOU),

usefulness (U), attitude (A), and intention (Dwd effects-coded independent variables were
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used in each regression equation to represenptbadsheet being used, following the procedure
suggested by Cohen and Cohen (1983, p. 198). bfathe regressions was significant. The
spreadsheet package chosen did not affect resptinaeg TAM variables.

For TPB, regressions were run only for those vémthat would theoretically be expected
to be influenced by spreadsheet choice. If analiisel been conducted for all variables, the
single-equation significance level would have beereachable, guaranteeing that differences
would not have been detected. Only the followiagables were analyzed: the two behavioral
beliefs, the three control beliefs, attitude, peseg behavioral control, and intention. All of the
items measuring these variables referred to spespfieadsheets by name. Only attitude was
significantly affected by spreadsheet type, wittamattitude towards using Framework (4.75)
being lower than mean attitude towards using L&&& (5.67) or Quattro (5.73). This difference

was statistically controlled in the analyses disedsbelow.

4.4, Explaining I ntention

Table 4 shows how well TAM fits the data. The &bives the variance explained and
regression weights for each equation in the moHeke of use (EOU) explains a significant
amount of the variance in usefulness (U). EOU@mbntribute to attitude (A). A and U
contribute to intention (1). Given the usual stfecorrelation coefficients in behavioral research
(Organ, 1988, p. 49), the multiple correlation icefnts are quite large. TAM is successful in
explaining intention. The pattern of results mitar to that observed by Davis et al. (1989) and
Davis (1989), with intention being affected moreusgfulness than by attitude, and attitude
being affected more by usefulness than by easeeof Tihe variance explained by TAM in this
study was higher than that explained in Davis ef1&89), and higher than most of the explained

variances in Davis (1989).

Tabl e 4 about here |

Table 5 shows the equivalent results for TPB. dfiects of spreadsheet type were con-

trolled for those analyses involving attitude. Tewommy variables were introduced into the
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equations to represent which of the three commuoséd spreadsheets each subject chose.
Seven subjects used one of the less-common spessidsthese observations were excluded

from the analysis.

| Tabl e 5 about here |

Again, the variance explained by the model is caapeely large. Intention was predicted
by attitude and PBC, but not by SN. This suggestssocial pressures did not influence
individuals' decisions to use a spreadsheet. udlitithad a slightly stronger affect on intention
than PBC.

Recall that some of TPB's variables suffered frange restrictions. As mentioned earlier,
most of the variables with a restricted range vessessments of weights, and were not used in
estimating TPB's fit to the data. The only twoiahles that were used in Table 5 were NB Em-
ployers and CB Portability. Thus, the amount afarace explained in subjective norms (SN)
and perceived behavioral control (PBC) may be #iiginder-estimated.

Turning to a comparison of TAM and TPB, it appehet TAM explains attitude much bet-
ter than TPB. Part of the difference in the expdivariance in attitude (0.727 for TAM and
0.388 for TPB) may be due to the fact that thers mare variance in attitude for TAM (1.745)
than for TPB (1.138). However, this fairly smakatepancy is unlikely to account for all of the
difference in explained variance. Notice that hwoitdels predict intention well, although TAM

explains slightly more variance than TPB.

45, Assessed ver sus Estimated Weights

The weights in TPB's equations (outcome evaluatiomivations to comply, and perceived
facilitations) can be measured in two ways, botiwleich were used in this study. First, they
were assessed directly by asking subjects to relsfmoguestionnaire items shown in Appendix 3.
The mean responses to these items are shown ia Balillhese are the assessed weights.
Second, the weights were estimated using regressjoations. The standardized regression

coefficients shown in Table 5 are the estimated)itsi
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According to both the assessed and estimated veeigbturacy (OE Accuracy) is a more
important outcome than time saved (OE Time). Te&fts for the control issues also show the
same pattern for both assessed and measured wewthtknowledge of use (PF Knowledge)
being more important than access (PF Access), atiddeing more important than portability
(PF Portability). The main difference betweenas@mated and assessed weights is in
motivation to comply with students (MC Student$gables 3 and 5 both show that the opinions
of other instructors (MC Instructors) are weighkesks than those of employers (MC Employers).
However, while subjects said that the opinionstbeostudents were the least important of all of
the groups, the estimated weights suggest thaigimons of other students are more important
than those of any other group. In fact, studestslly attach some importance to the opinions of
their peers (Dalton, 1987). This suggests thaestienated weights may be more accurate than
the assessed weights.

5. Discussion

5.1. Limitations of the Study

The study has some potential limitations. Firdhaugh intention to use a system was
measured, the relationship between intention ahd\er was not. This is not a serious
problem. First, TAM and TPB both predict behaviom intention. Given that this study's
objective was to compare the models, it is not s&mey to examine relationships that are the
same across models. Second, there is substamipalieal support for the intention-behavior
link. For TAM, both Davis et al. (1989) and Dayi®©89) show that the intention is related to
behavior. Ajzen and Madden (1986) found a simiégsult for TPB. The theory of reasoned ac-
tion (TRA), on which both TAM and TPB are basedunles the same intention-behavior link.
Sheppard et al. (1988) reported a correlation 3 Between intention and behavior for TRA in
their extensive meta-analysis. Given these redhksfact that behavior was not directly

assessed is not a serious limitation.
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The second potential limitation is the sample dredtask. Many different IS are used in a
wide variety of settings by many different peopMo single task with a single group of users can
fully represent this diversity, regardless of wiegtthe subjects are students, insurance agents,
secretaries, or sales managers, and regardledsetiiev the task is financial forecasting, risk
estimation, scheduling meetings, or sales foremgg$Ryan and Bock, 1990).

Limitations in the sampling of tasks, subjects, aadtexts may explain the lack of sig-
nificance of subjective norms in this study, in Bast al. (1989), and in Yeaman (1988). All
three used student subjects in university envirorimeln other situations, subjective norms may
influence intention. Robertson (1989) presentsesemdence that social demands influence
system use. An objective for future research woeldo identify the conditions under which
subjective norms are important. TPB provides sgmdance here, suggesting that both the per-
ceived opinions of others and motivation to compith those opinions should be considered.
However, TPB's handling of social issues is re@yiypoor, as suggested by Davis et al. (1989).
Perhaps a different framework, such as social métieory (used by Robertson, 1989), would
prove more fruitful.

The third problem is with distributional equivalencAn effort was made to make the tests of
the models as comparable as possible by randommlgls®y from the same population of
subjects. However, the range of some of TPB'saiées was restricted, affecting the variance
explained in subjective norms and perceived belalaontrol. Intention to use an IS was not

affected by this problem, however.

5.2. Conclusions

In the introduction, three criteria were suggestecomparing the models. The first was
their ability to predict intention to use a syste@learly, both the technology acceptance model
(TAM) and the theory of planned behavior (TPB) explintention quite well. Although TAM
explained more variance than TPB, the differengetdarge enough to conclude that one model

is better than the other on purely empirical graunNote, however, that TAM explained attitude
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towards using an IS much better than TPB, and reaidé model of choice when this variable is
of particular interest.

The second criterion was the value of the inforaraprovided by the models. TAM
supplies very general information about ease ofamskeusefulness. TPB delivers more specific
information, measuring the system's performanceasious outcomes, and identifies factors that
respondents feel might be barriers to system lisdso identifies groups whose opinions might
be important to potential users.

The information TPB furnishes is probably more ukdfiring development and post-
implementation evaluation than the information TAkbvides. TPB can focus development ef-
forts on specific problems. For example, while TANght show that respondents feel that a
system is marginally useful, TPB would show whi¢la et of outcomes was not being
achieved. TAM would tell developers that a systeas not easy to use, but would not identify
other issues that might prevent system use. Rudhbough the validity of TPB's approach to
social pressures is in question, the informatianld¢be valuable if it identifies possible sources
of resistance.

The third criterion was the cost of using the medélAM is easier to use than TPB. Davis
(1989) has developed standard instruments for T&MIle measures of TPB's beliefs need to be
developed for each context. This usually involagslot study in which users are asked about
relevant outcomes, social influences, and conssales.

This discussion provides some guidelines for chapbetween the models. Given that both
models are empirically strong, the choice depemdshe other two criteria. TAM provides a
quick and inexpensive way to gather general infoignaabout individuals' perceptions of a
system. It can be used to measure general lel/eltisfaction across a range of users with
diverse interests. TPB delivers more specificimi@tion, giving more insight into why an
individual or group might be dissatisfied. Howeuers more costly to apply.

Both models could be used together very effectiv8lyppose a system had been built to

serve users in several different functional are&s.analyst could use TAM to identify
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dissatisfied users and discover the general nafutesir complaints. TAM is ideally suited to
this purpose, since (1) it is inexpensive to apahd (2) TAM's general constructs (usefulness
and ease of use) are probably meaningful to magilpeno matter what their functional area.
Once a group of particularly dissatisfied users Ieeh identified, TPB could provide more
detailed information that might be specific to greup. In other words, the general and
inexpensive information TAM provides could identdyeas where it would be desirable to have
the more specific and expensive information TPB/oles.

In sum, this study compared the technology acceptarodel and the theory of planned
behavior. Considerable attention was given to ngakie comparison as unbiased as possible.
Both models provided good predictions of individiahtentions to use an IS, although TAM
slightly outperformed TPB. TAM is easier to uséiile TPB provides more information about

the factors users consider when making their clsoice



22

References
Ajzen, 1., "From Intentions to Actions: A Theory Bfanned Behavior," in J. Kuhl, and J.

Beckmann (eds), Action Control: From Cognition tehRvior Springer Verlag, New

York, 1985, 11-39
Ajzen, 1., "Attitude Structure and Behavior," in R. Pratkanis, S. J. Breckler and A. G.

Greenwald (eds), Attitude Structure and Functlawrence Erlbaum Associates,

Hillsdale, New Jersey, 1989, 241-274.

Ajzen, I. and M. Fishbein, Understanding Attitu@esl Predicting Social Behavjd?Prentice-

Hall, Inc., Englewood Cliffs, New Jersey, 1980.
Ajzen, I. and T. J. Madden, "Prediction of Goaldaited Behavior: Attitudes, Intentions and

Perceived Behavioral Control," Journal of Experitaé®ocial Psychology?2, (1986),

453-474.

Barki, H., and J. Hartwick, "Rethinking the ConceptJser Involvement,” MIS Quarterly3, 1,
(1989), 53-63.

Cheney, P. H. and R. R. Nelson, "A Tool for Measgiand Analyzing End-User Computing
Abilities," Information Processing and Managemet, 2, (1988), 199-203.

Cohen, J. and P. Cohen, Applied Multiple Regreg€iormrelation Analysis for the Behavioral

SciencesLawrence Erlbaum Associates, Hillsdale, New Jegrs@83.

Cooper, W. H. and A. J. Richardson, "Unfair Comgams," Journal of Applied Psycholqgid,

2, (1986), 179-184.

Dalton, J. C., "The Influence of Peer Culture onl€ye Student Values," presented at the
Annual Meeting of the American College Personnedgtsation, Chicago, IL, 1987.

Davis, F. D., "A Technology Acceptance Model for fnctally Testing New End-User In-
formation Systems: Theory and Results," DoctoraksBrtation, Sloan School of
Management, Massachusetts Institute of Technol@g6.

Davis, F. D., "Perceived Usefulness, Perceived Batkse, and End User Acceptance of In-

formation Technology,” MIS Quarterl3, (1989), 318-339.



23

Davis, F. D., R. P. Bagozzi, and P. R. WarshawgtUscceptance of Computer Technology: A
Comparison of Two Theoretical Models," Managemeaneéisce 35, (1989), 982-1003.

Doll, W. J., and M. U. Ahmed, "Managing User Ex@icins," Journal of Systems Management

(June, 1983), 6-11.

Fishbein, M., and Ajzen, |., Belief, Attitude, Imfion and Behavior: An Introduction to Theory

and ResearctAddison-Wesley, Reading, MA, 1975.
Gane, C., Rapid Systems Developmétrentice Hall, Englewood Cliffs, NJ, 1989.

Hill, T., Smith, N. D., and Mann, M. F., "Role offttacy Expectations in Predicting the

Decision to Use Advanced Technologies: The Casgoafiputers,” Journal of Applied

Psychology 72, 2, (1987), 307-313.

Naumann, J. D., and A. M. Jenkins, "Prototypinge New Paradigm for Systems Devel-
opment,” MIS Quarterly6, 3, (September, 1982), 29-44.

Nickerson, R. S., "Why Interactive Computer Systéres Sometimes Not Used by People Who
Might Benefit from Them," International Journalid&in-Machine Studigsl5, (1981),

469-483.

Organ, D. W., Organizational Citizenship Behavitinie Good Soldier Syndromkeexington

Books, Lexington, MA, 1988.

Robertson, D. C., "Social Determinants of InforrmatBystem Use," Journal of Management

Information Systemsb, 4, (Spring 1989), 55-71.

Ryan, T., and D. B. Bock, "Comparability of RatingdMIS Survey Research,” Presented at the
Annual Meeting of the Decision Sciences Instit@&an Diego, CA, 1990.
Schifter, D. B. and I. Ajzen, "Intention, Perceiv@dntrol and Weight Loss: An Application of

the Theory of Planned Behavior," Journal of Perbtyn@nd Social Psychologyt9,

(1985), 843-851.
Sheppard, B. H., J. Hartwick, and P. R. Warshawg"Theory of Reasoned Action: A Meta-
Analysis of Past Research with RecommendationMmtifications and Future Re-

search,"” Journal of Consumer Reseaidh (1988), 325-343.




24

Swanson, E. B., Information System Implementati8ndqging the Gap Between Design and

Utilization, Irwin, Homewood, IL, 1988.

Trice, A. W., and M. E. Treacy, "Utilization as &fendent Variable in MIS Research," Data
Baseg (Fall/Winter, 1988), 33-41.

Yeaman, A. R. J., "Attitudes, Learning and Humam@ater Interaction: An Application of the
Fishbein and Ajzen Model of Attitude-Behavior Catency," Proceedings of the Annual
Meeting of the Association for Educational Commatiens and Technology, New

Orleans, LA, January 1988, 814-818.



Figure 1.
The Technology Acceptance Model

Figure 2.

The Theory of Planned Behavior
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Pl ease choose the response that shows how likely it is that the statement is

true. There are no right answers - it is YOUR opinion that counts.
Extrenely
l'ikely

My interaction with Lotus 123

woul d be cl ear and under st andabl e Quite

when | was working on the assignment. likely
Slightly
l'ikely
>Nei t her
Slightly
unli kel y

Use and to choose your response, Quite

then press ENTER unli kel y
Extrenely
unli kel y

1Hel p 5Back

Figure 3.

Sample Computer Screen Showing a TAM Ease of @se It

The subject had selected Lotus 123 as the sprestdsb®r she used most often.




TAM
Measur e Al pha
EQU 0. 938
U 0. 902
A 0. 923
[ 0. 966
TPB
Measur e Al pha
A 0. 804
SN 0. 864
PBC 0.791
[ 0.932
Table 1.

Instrument Reliabilities (Cronbach's Alpha)

Vari abl e Mean St andard
Devi ati on
EQU 5.084 1. 255
U 5.277 1.208
Attitude 5.362 1.321
| nt enti on 4,772 1. 824
Table 2.

Descriptive Statistics for TAM

n=139
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Vari abl e Mean St andard

Devi ati on
BB Ti ne 3.833 1.847
CE Tine 5.278 1.213
BB Accuracy 4. 731 1.197
OE Accuracy 6. 574 0. 800
NB | nstructors | 5.417 1.086
MC I nstructors | 4.990 1.431
NB Enpl oyers 6. 167 0. 870
MC Enpl oyers 5. 926 1.108
NB St udents 4. 731 0. 963
MC Students 3.852 1.393
CB Know edge 3.444 1.475
PF Know edge 6. 324 0. 841
CB Access 3. 047 1.436
PF Access 6. 185 0. 949
CB Portability | 1.630 1.090
PF Portability | 4.287 1.535
Attitude 5. 466 1.067
SN 4,969 1.028
PBC 3.772 1.266
| nt enti on 4,432 1.733

Table 3.

Descriptive Statistics for TPB

n =108
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R2 Shrunken
R2
U = 0. 446 0. 442
EQU 0. 667
A = 0.731 0.727
EQU 0.218
+ U 0. 694
| = 0. 697 0. 693
A 0. 389
+ U 0.481
Table 4.
TAM's Fit to the Data.
n=139
R2 Shr unken n
R2
A = 0.412 0. 388 101%
Ti me 0. 297
+ Accuracy 0. 380
SN = 0.477 0. 462 108
I nstructors | 0. 191
+ Enpl oyers 0. 376
+ Students 0. 383
PBC = 0.520 0. 506 108
Know edge 0. 555
+ Access 0. 290
+ Portability NS
I = 0.621 0. 601 101*
A 0. 493
+ SN NS
+ PBC 0.410
Table 5.

TPB's Fit to the Data

* = see text
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Appendix 1.
The Task

You are given the following assignment:

You work for MortCorp., an insecticide manufacturdfou are asked to forecast sales, costs and
profit for the next 4 years. The finance officapplies you with information on sales and cost
trends, as well as information about planned exieres, as follows:

1. Sales in 1989 were $2.5m.

2. Sales are expected to grow by 6% for 1990 a®d a8d by 4% in 1992 and 1993.

3. Direct costs are expected to remain at 43%lesdar 1990 and 1991. In the beginning of
1992, a new mixing machine (still under developreiill be installed. It will cost $900,000
and reduce direct costs to 32% of sales. Thec@dt of the machine will be allocated in 1992.
4. Overhead was $0.8m in 1989 and is expectedoiw gt its historical rate of 5% per year.

5. Taxes are 25% of gross profit.

Given this information, do the following:

A. Fill in the following table (all figures are millions):

Year

1990 1991 1992 1993
Sales $2.65 ? ? ?
less Direct $1.14 ? ? ?
Costs
less Overhead  $0.84 ? ? ?
less Equipment  ---- $0.90
Gross profit $0.67 ? ? ?
less Taxes $0.17 ? ? ?
Net profit $0.50 ? ? ?

B. How would the table change if sales grew by @%yin 1992 and 1993?

C. How would the table change if the new machimiced direct costs to 36% of sales instead
of the expected 32%7?

The assignment is given near the beginning of ¢neester. Its objective is just to remind you of
some accounting basics. It is the ONLY problernthef nature you will receive during the
semester. There will be NO other computationabassents.



31

You have 2 weeks to do the assignment. You caritiser your calculator or a spreadsheet.
The choice is up to you. Your choice will NOT affgour grade in any way. The assignment
does not have to be typed. As long as the ansaversorrect, it does not matter whether they
come from a spreadsheet or from a calculator.
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Appendix 2.

Questions Used in the Pilot Study

The same questions were asked separately abogtaisipreadsheet package and a calculator.

What are the advantages for a typical studentimgus (spreadsheet package/calculator) to solve
the problem?

What are the disadvantages for a typical studeusiing a (spreadsheet package/calculator) to
solve the problem?

Is there anything else you associate with a tymtiadent using a (spreadsheet pack-
age/calculator) to solve the problem?

Who would approve of a typical student using adapsheet package/calculator) to solve the
problem?

Who would disapprove of a typical student using@dadsheet package/calculator) to solve the
problem?

What other people come to mind when you think alacypical student using a (spreadsheet
package/calculator) to solve the problem?

What factors would prevent a typical student usir{gpreadsheet package/calculator) to solve
the problem?
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Appendix 3.

ltems

Fully-anchored 7-point Likert scales were usedalbitems. For brevity, only the end-points are
shown.

In all of the items, "[the spreadsheet]" refershi® spreadsheet package subjects stated they used
most often.

Validity (Sample)

Screen 1:

Which network recognition system do you use maxjdently? Please choose one from this list.
If you are not familiar with any, choose one atdam and choose "very low" on the next screen.

NRW

NetRec Il

SuperNet

DynaNet
Screen 2:

My ability to use the package | chose on the lasten is (Very high/Very low).

Behavioral Belief (Sample)

It would take me (Much more/Much less) time to de &ssignment with [the spreadsheet] than
to do the assignment with my calculator.

Outcome Evaluation (Sample)

How important is it to you that you get the assigmindone quickly? (Very important/Very
unimportant)

Normative Belief (Sample)

Instructors in other courses would (Strongly supgftrongly oppose) my using [the spreadsheet]
rather than my calculator for the assignment.
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Motivation to Comply (Sample)

Think about instructors in classes other thandhes. They might have an opinion about which
tool you should use for the assignment (either $ihreadsheet] or your calculator). How
important would their opinion be to you when yougvehoosing a tool for the assignment?
(Very important/Very unimportant)

"Important” means that their opinion is something yvould take into account when making
your decision. "Unimportant” means that their agmns would not influence your decision.

Control Belief (Sample)

| would know how to use [the spreadsheet] FOR THESAGNMENT (Much better/Much
worse) than | would know how to use my calculator.

Spreadsheets and calculators have many sophistieatires that you would not need for the
assignment. This question only concerns the fanstthat you would need to complete the
assignment. When you are answering the questieas@ think ONLY about the features of
spreadsheets and calculators that are relevang tassignment. For example, the graphical
functions of a spreadsheet would not be importamd, the statistical functions of a calculator
would not be important.

Perceived Facilitation (Sample)

How important would it be that you knew enough aldeaw to use the tool you choose (either
[the spreadsheet] or your calculator) so that ymudcomplete the assignment? (Very
important/Very unimportant)

Attitude Items

1. I think it would be (Very good/Very bad) to Uslee spreadsheet] rather than my calculator for
the assignment.

2. In my opinion it would be (Very desirable/Vemdesirable) to use [the spreadsheet] rather
than my calculator for the assignment.

3. It would be (Much better/Much worse) for me seythe spreadsheet] rather than my
calculator for the assignment.
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Subjective Norm ltems

1. Those people who are important to me would (S8fisosupport/Strongly oppose) my using
[the spreadsheet] rather than my calculator foagsgnment.

2. | think that those people who are important ®would want me to use [the spreadsheet]
rather than my calculator for the assignment. of®jty agree/Strongly disagree)

3. People whose opinions | value would prefer mese [the spreadsheet] rather than my
calculator for the assignment. (Strongly agreef&jly disagree)

Perceived Behavioral Control

1. I would have (Much more/Much less) control ousing [the spreadsheet] for the assignment
than over using my calculator.

"Control" refers to the freedom you feel you haverake a choice. For example, someone who
does not own a bicycle or does not know how to oide has less control over cycling to [a
nearby town] than someone who does own one andkih@ss how to ride it.

2. Given the resources, opportunities and knowléidigées to use each tool ([the spreadsheet]
and my calculator), it would be easier for me toade [the spreadsheet] rather than my
calculator for the assignment. (Strongly agreet&jly disagree)

3. I would be (Much more/Much less) able to use gpreadsheet] rather than my calculator for
the assignment because of differences in the ressuopportunities and knowledge it takes to
use each one.

Intention

1. I would use [the spreadsheet] rather than nguéatior to do the assignment. (Strongly
agree/Strongly disagree) Remember: your answeraranymous. Please answer honestly.

2. My intention would be to use [the spreadshestjar than my calculator to do the assignment.
(Strongly agree/Strongly disagree) Remember: goswers are anonymous. Please answer
honestly.

3. To do the assignment, | would use [the spreadshether than my calculator. (Strongly
agree/Strongly disagree) Remember: your answeraranymous. Please answer honestly.
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