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Abstract

Three decades of research into the equivalency of traditional and automated assessments
have culminated in the growing popularity of Internet-based surveys. This article briefly
reviews the history of computerized assessment and compares and contrasts it to the current
research on Internet-based surveying. # 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

From nearly the moment computers were made available to academicians,
researchers have been investigating the effectiveness of automating psychological
assessments. From simple true/false questionnaires to complex psychological his-
tories, countless measures have been computerized. Not only has this computeriza-
tion aided clinicians, it has also provided researchers a vast new territory to explore.
Research has been conducted regarding the reliability, validity, user acceptance, and
cost-effectiveness of these automated assessments. Three decades of research exam-
ining the equivalency of computerized versions of traditional interviews and psycho-
logical tests has led to the conclusion that automation is accompanied by many
more benefits than problems.
This article begins with a brief review of computerized interviewing and test

administration along with a discussion of their associated strengths and weaknesses.
Following this review is an overview of how researchers are using these previous
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studies as a platform from which to conduct new research into the viability of using
the Internet to collect psychological data.

2. Computer assisted interviewing

One of the first attempts to simulate the behavior of a psychotherapist was in 1966
with a program called Eliza (Weizenbaum, 1976). Eliza acted as a Rogerian thera-
pist, asking the user to explain his/her feelings. Although the goal of the program
was to ‘‘demonstrate that the communication between man and machine was
superficial’’ (Nadelson, 1987), Weizenbaum (1976) was surprised to find that people
enjoyed using Eliza and actually attributed human-like feelings to the program.
Eliza has been hailed as one of the first programs able to past the ‘‘Turing Test’’.

A pioneer of Artificial Intelligence, Turing (1950) developed a simple model for
determining if a computer program was intelligent: could the program fool its users
into believing they were interacting with a human instead of a machine? Participants
would sit at a remote terminal and receive and send messages to either a computer
program or human confederate. After a period of interaction, the participant was
required to judge whether the responses were generated by a computer or a human.
Like Eliza, Parry (Colby, 1975; 1981) is another psychiatrist-authored computer

program which has passed the ‘‘Turing Test.’’ However, unlike Eliza’s supportive
and friendly tone of a caring psychotherapist, Parry was programmed to be hos-
tile and defensive, mimicking the behavior of a paranoid individual.
Though both Eliza and Parry were experiments in Artificial Intelligence designed

to imitate human behavior, the results of research with these programs demon-
strated that human/machine interactions were not only possible, but deserved fur-
ther attention. One avenue researchers began to explore was the development of
computer assisted interviewing (CAI) software. Since the early 1980s, scores of such
programs have been developed including ones designed for assessments of depres-
sion (Carr, Ancill, Ghosh, & Margo, 1981), phobias (Carr & Ghosh, 1983), funda-
mental problem areas of psychological functioning (McCullough, 1983), substance
abuse (Davis, Hoffmann, Morse, & Luehr, 1992), and suicidal risk (Greist, Gus-
tafson, Strauss, Rowse, Laughren, & Chiles, 1973). Perhaps one of the most ambi-
tious CAI programs is the computerized interview developed by Angle (1981). It
takes approximately four to 8 h to complete, asks nearly 3500 questions, and pro-
vides the clinician with a full report of a client’s problem areas.

2.1. Criticism of CAI

Many clinicians have argued that CAI software cannot possibly conceptualize a
person in his/her totality. These clinicians feel that the computer cannot tell when
the client is having difficulty expressing his/herself, cannot discriminate between
error and pathological responses, and cannot record the ‘‘rich variety of behavioral
data’’ (e.g. posture, eye-contact, etc.) during an interview (Space, 1981). Because of
these limitations, many clinicians have considered CAI software to be cold and
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inhumane (Erdman, Klein, & Greist, 1985). Additionally, because using CAI soft-
ware requires some degree of literacy and computer skills, persons with limited
educational experience may not be able to adequately use these programs.
Clinicians have also pointed to their own strengths when criticizing CAI software.

These clinicians feel that they are able to be much more flexible than the programs
can be. For example, clinicians can alter their tone of voice or sophistication of
language, while CAI software is limited by how it has been programmed (Erdman et
al., 1985).

2.2. Advantages of CAI

Support for CAI programs has come mainly from researchers who point to the
limitations of human interviewing skills. Clinicians have been shown to be very
inconsistent in the way they administer interviews, often forgetting to ask important
questions (Angle, 1981; Erdman et al., 1985). In contrast, proponents of CAI soft-
ware point to the fact that computerized interviewing programs are not affected by
factors such as the mood of the interviewer or the time of day (Space, 1981). In fact,
as Erdman et al. (1985) have stated, the computer ‘‘does not get tired, angry or
bored. It is always willing to listen and give evidence to having heard. It can work at
any time. . .’’ Other advantages of CAI programs are that they allow the client to
proceed at his/her own pace, they allow for convenient storage and access of past
interview sessions, and they are more cost-effective than traditional interviews
(Space, 1981).
Researchers have attempted to mediate the controversy surrounding CAI pro-

grams by empirically evaluating the effectiveness of the software. Mathisen, Evens,
and Meyer (1987) developed a computerized version of the Diagnostic Interview
Schedule which provides the clinician with a three to four page diagnostic report and
potential diagnoses. Mathisen et al. (1987) used the program with 135 psychiatric
patients and asked 23 psychiatrists to evaluate the reports. Psychiatrists rated 61%
of the reports as being somewhat or very accurate while only 11% of the reports
were rated as not at all accurate. Additionally, 57% of the patients indicated that
they liked the interview experience while only 2% stated that they did not like it.
Seventy percent of the patients said that the program was very easy to use and only
4% said that they would be more embarrassed by using the computer than by hav-
ing a traditional interview. Other researchers (Davis et al., 1992; Millstein, 1987;
Greist et al., 1987; Quintar, Crowell, & Pryor, 1982; Slack & Slack, 1977) have
found similar results.

2.3. Questions remaining for computerized assisted interviewing software

2.3.1. Population differences in response to CAI
Further research is needed to examine how different populations respond to CAI

software. Little research has examined the interaction between age, gender, or cul-
ture and automated interview procedures. Such investigations may lead to more
sensitive measures.
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2.3.2. AI based CAI programming
Although Eliza and Parry provided the impetus for the development of CAI soft-

ware, there has been a general disconnect between the models these early programs
used and current interviewing software. Most of the available programs are either
ports of existing paper-and-pencil interviews or static models developed solely for
computer administration. Collaboration between psychologists and experts in Arti-
ficial Intelligence may lead to the development of dynamic interviewing programs
which can reliably and accurately assess a wide array of individuals across a broad
continuum of disorders. Finally, developments in speech recognition may eventually
make it possible for CAI software to allow interviewees to communicate via natural
language.

3. Computer assisted testing

In addition to computerized interviewing, researchers have also examined whether
computerized and traditional test administration are equivalent. The simplest
types of computer assisted testing (CAT) programs have the computer display
the questions of a test and ask the client to enter his/her response (Rozensky,
Honor, Rasinski, Tovian, & Herz, 1986). These programs attempt to make the
computerized test-taking experience as identical to the traditional test-taking
experience as possible.
Other types of CAT programs use an ‘‘adaptive testing’’ procedure. Roid and

Gorsuch (1984) believe that this adaptive testing approach allow computers to ‘‘go
beyond a simple page-turning function.’’ In this procedure, the computer presents
an item, scores the response, and then selects the next appropriate question (Green,
Bock, Humphreys, Linn, & Reckase, 1984). This method is similar to that of many
non-computerized intelligence tests.
Conventional tests have either a large set of items with one central level of diffi-

culty or a limited range of items covering a wide range of difficulty levels, but
adaptive tests have a large number of items which cover a complete range of levels of
difficulty (Weiss, 1985). By comparing the test-taker’s performance to the ratings
of the items, the computer is able to ‘‘individualize’’ any testing session by dynami-
cally presenting only as many items needed to insure that an exact measurement of
the trait being studied is obtained (Burke, 1993; Weiss, 1985). Accordingly, ‘‘the
final trait estimate is independent of the particular set of items given to the examinee
(and) scores can be compared even though the examinees might have been admin-
istered completely different sets of items’’ (Burke, 1993).
There are several types of adaptive tests. In the ‘‘two-stage’’ adaptive test, an

individual takes a pre-test called a routing exam. Based on the performance on this
test, the individual is then administered a test which approximates his/her level of
mastery of the subject. The ‘‘pyramidal’’ adaptive test involves ‘‘layers’’ of test
items. An individual begins at the top level with an item of average difficulty. Under
each item are two more sets of items; one that is a bit easier and one that is slightly
more difficult. Depending on the individual’s response, the computer will branch to
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either the easier or more difficult set of questions. The ‘‘flexilevel’’ adaptive test is
largely similar to the pyramidal approach except that the flexilevel has only one
question per level (instead of an entire set per level). The ‘‘stradaptive’’ approach has
a larger item pool and administers the ‘‘most discriminating unadministered item’’ in
the pool to an individual’s response (Weiss, 1985). Finally, the ‘‘countdown’’
approach to adaptive testing involves administering items until it is clear that the
individual either will or will not reach the criterion cutoff point for the given scale
(Butcher, Keller, & Bacon, 1985).
Since the 1980s, advances in computing power and new theories of test develop-

ment have led to entirely new methods of computerized testing. For example, (Ben-
nett et al., 1999) describes a test type called Generating Examples (GE) in which
items may have multiple solutions and respondents are required to provide one or
more of these solutions. Automated scoring is possible by applying an underlying
construct to the user-provided solution. A similar type of CAT program is described
by (Bennett, 1999). This program allows instructors to input general algorithms
from which to construct test items. Based on these algorithms, the program will
automatically generate a nearly infinite number of questions which will allow the
assessment of the underlying cognitive principle. More dramatic advances in CAT
programming come in the form of tests designed to grade essay responses (Bennett,
1999) and other types of open-ended responses (Bennett, Steffen, Singley, Morley, &
Jacquemin, 1997). Finally, computerized simulations are now being used to assess
students’ ability to utilize their knowledge. These simulations are more performance-
based types of exams which purportedly mirror real-life scenarios in which learned
knowledge must be applied (Bennett, 1999).
Many of the advancements in CAT programming has come from the Educational

Testing Service (ETS, 2000). Founded in 1947 to assume the testing activities of the
American Council on Education, this group rapidly became the world’s largest
testing organization In the 1998–1999 school year ETS was responsible for admin-
istering and scoring nearly 2.5 million SAT tests in the United States and more than
11 million tests worldwide. A large proportion of these tests are computerized.
Indeed, much of the research on automated testing has originated in ETS labora-
tories (Bennett, 1999).

3.1. Criticism of CAT

Critics of CAT technology believe that computerized test administration is
impersonal and feel that it introduces too many irrelevant factors into the testing
situation. Factors such as lack of familiarity and anxiety with computers are often
cited (Hofer & Green, 1985).
Perhaps the greatest criticism against CAT programs, however, centers on the

issue of equivalency. Honaker (1988) stated that many previous researchers have
failed to consider whether a computerized test produces the same rank ordering and
distribution differences as its traditional counterpart. Burke (1993) concurs, stating
that in analyzing CAT programs, it is not enough to say that they produce similar
mean scores as paper-and-pencil versions, but it is equally, if not more important to
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determine if the two versions produce similar frequency distributions. That is, does a
single individual rank similarly across the two methods of test administration?
Additionally, Honaker (1988) argued that taking a test via a computer terminal is

such a dramatically different experience for the respondent that it guarantees that
the two types of administration will not be equivalent. Similarly, Bennett (1999) has
stated that in addition to the actual constructs being measured, automated assess-
ments introduce additional factors which need to be carefully evaluated. Issues such
as, the interactions between the test content, the test design, and the user interface
are all important considerations. For example, in mathematics, solutions are often
derived using complex scribblings, diagrams, etc. If a computerized assessment pro-
gram restricts this type of problem solving by forcing examinees to progress through
solutions in a strict linear manner, the very nature of the assessment changes.

3.2. Advantages of CAT

Studies which have compared results between traditional and computerized tests,
however, have found few psychometric differences between the two types of admin-
istration. For example, Elwood and Griffin (1972) examined the effects of comput-
erization on IQ scores. They obtained a correlation of 0.95 between scores on the
computerized and the traditionally administered versions of the WAIS, indicating
that participants did, in fact, maintain the same rank ordering across the two
methods. In fact, whether it be performance based tests such as the assessment of
children’s reading skills (Evans, Tannehill, & Martin, 1995), objective personality
tests such as the MMPI-II (Pinsoneault, 1996), projective personality tests (Rasulis,
Schuldberg, & Murtagh, 1996), or neuropsychological assessments such as the cat-
egory test (Choca & Morris, 1992), researchers have found remarkable psychometric
equivalence between traditional and computerized test administration (Campbell et
al., 1999).
Although much has been written describing anxiety surrounding the perception

that computers are responsible for our rapidly changing and sometimes dehuman-
izing culture (Wilson, 1999), evidence demonstrates that examinees typically do not
mind computerized administration of testing materials. In fact, ‘‘clinical populations
do not routinely suffer from cyberphobia’’ (Pinkerton & Raffoul, 1984). Research
has demonstrated that most respondents report enjoying computerized tests more
than the traditional versions of the same test (French & Beaumont, 1987; Hile &
Adkins, 1997; Rozensky, et al., 1986). Other research indicates that rather than
feeling anxious while interacting with computer programs, many respondents tend
to provide more honest answers than individuals who received face-to-face inter-
views (Barak, 1999; Burke, 1993; Martin & Nagao, 1989).
Other advantages of Computer Assisted Testing include: (1) disposable materials

such as paper are saved, reducing both storage and environmental strain; (2) stand-
ardization of timing and instructions are assured; (3) scores can be rapidly computed
and immediate feedback can be given to examinees; (4) test security is improved; and
(5) scores can be automatically added to databases for dynamic adjustment of norms
(Barak, 1999).
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3.3. Questions remaining regarding computerized assessment

3.3.1. Interaction between test content and test design
Research has generally found high correlations between computerized and paper-

and-pencil test administration, although these correlations have rarely approached
unity. Bennett et al. (1999) argue that because the correlation between a Generating
Examples (GE) test and the GRE General test was 0.82, the two are not identical
and therefore tap differing cognitive processes. It is true that high correlations
between scores obtained from the two methods do not necessarily indicate similar
construct validity; mean scores could be very different between the two methods,
even though participants maintain the same rank order. More methodologically rich
studies that use a ‘‘gold standard’’ (a third measure with good validity) or multi-trait
multi-method matrices would be other useful steps in evaluating the equivalency
of the two methods. Even if it is true that different underlying constructs may be
measured by computerized versus traditional testing methods, researchers must
carefully examine potential interactions between a test’s content and both its method
of eliciting responses and its user interface. Furthermore, additional research should
be conducted on how pre-assessment tutorials affect final performance (Bennett &
Bejar, 1998).

3.3.2. Computer anxiety
It may actually be that professionals administering computerized assessments are

more fearful of technology than their clients. In one study of licensed psychologists,
nearly half rated themselves as either mildly or highly technophobic (Rosen & Weil,
1996). In a meta-analysis of compuer-phobia, Chua, Chen, and Wong (1999) found
that there are few correlates of either gender or age based computer fear and that
such anxieties are generally state, not trait based. This assertion is confirmed by
Wilson (1999) who demonstrated that with brief counseling sessions, computer-
phobic individuals rapidly became willing to use new technology. However, on a
cognitive task of pattern recognition, older adults demonstrated significantly higher
levels of computer anxiety than did younger participants (Laguna & Babcock,
1997). Therefore, it seems prudent to assess computer anxiety in relation to the tasks
being administered. It may be that some older people recognize they have difficulty
performing on cognitive measures (because of age-related declines) and resultant
differences in anxiety may actually be due to an interaction between task and age.
Alternately, the relationship between performance and anxiety may be completely
mediated by the amount of computer experience participants have. Further research
is needed to both examine these types of relationships and ways to reduce anxiety
professionals feel regarding the adoption of new technology.

3.3.3. Consequences of computerized scoring
Teaching practices may be influenced by the development and use of new com-

puterized testing and scoring procedures. For example, although research has
demonstrated that both humans and computer programs typically grade essays
similarly (Burstein et al., 1998), the way in which the essays are scored may
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actually influence classroom instruction. Because some essay assessment soft-
ware examines both deductive reasoning and grammatical structure and others
completely ignore mechanics (Bennett, 1999), research should be conducted to
examine the influence (intended or not) such programs may have on instructional
methods.

3.3.4. Generalizabilty of simulations
Further research is also needed to determine if simulations accurately probe the

reasoning and other skills needed to perform in real-world situations. As computing
power continues to increase, the realism of simulations are bound to increase.
However, because of the tremendous expense of developing such assessments,
research is needed to determine if proficiency in ‘‘virtual worlds’’ consistently trans-
lates to proficiency in ‘‘real world’’ settings (Bennett, 1999). Again, examinations of
learner characteristics that may interact with success in simulations may be another
fruitful area of study.

4. Psychological research on the Internet

After three decades of investigation, both researchers and clinicians generally
accept computerized test administration as being a valid and reliable alternative to
traditional methods. In fact, because of its generally high reliability, decreased costs,
and greater client acceptance, computerized test administration may often be pre-
ferred. While research in this area will continue to be published, many researchers
are now focussing their efforts on evaluating the equivalency between traditional
and Internet-based assessments.
Although web-based data collection has been described in the literature as far

back as 1996 (Welch & Krantz, 1996), published reports of psychological data col-
lected via the Internet are still relatively rare (Pettit, 1999). In fact, only a handful of
studies have been published which report the equivalence of web versus paper-and-
pencil administration (Stanton, 1998).
Despite the relative dearth in published studies, there are countless surveys posted

on the Internet. Many of these studies, however, are not of an academic nature. For
example, there are customer satisfaction surveys, political polls, and relationship
assessment measures. In fact, some of the most widely-used Internet-based surveys
are ones in which individuals can perform ‘‘self-assessments’’. Two popular Internet
sites, The Spark (www.thespark.com) and Emode (www.emode.com), offer a variety
of surveys which provide users with feedback on everything from their intelligence
to their personality and mental health.
Many clinicians may strongly object to the idea of personality tests being offered

for free via the Internet. However, there are dozens of other professionals who are
using the web as a way to collect legitimate psychological data. The American Psycho-
logical Society maintains a web-page (psych.hanover.edu/APS/exponnet.html)
which provides a listing of on-going Internet data collection efforts. The list includes
such domains as clinical psychology (e.g. trauma and social support), cognition
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(e.g. decision making and memory), developmental issues (e.g. child discipline
practices), and social psychology (e.g. partner selection and friendship). To date
however, few of these studies have been published in peer-reviewed journals.

4.1. Problems associated with web-based data collection

Although researchers have identified many potential problems which may be
associated with on-line data collection, the difficulties may be classified into three
major categories: (1) sampling, (2) lack of control over the experimental environ-
ment, and (3) data integrity.

4.2. Problems associated with sampling

Obtaining a representative sample via Internet surveys may be quite difficult.
Unlike telephone directories, the web has no central registry of users (Kaye &
Johnson, 1999), making it very difficult to establish a sampling frame. Additionally,
the average Internet-user may be quite atypical from the sought-after population
(Davis, 1999; Richard, 2000; Stanton, 1998). For example, individuals from a low
socioeconomic status are generally underrepresented in on-line samples (Michalak,
1998). In fact, the average Internet user is a married white male 26–30 years old with
a college degree earning between $50–74,000 annually (Georgia Institute of Tech-
nology, 2000). Overall, Krantz and Dalal (2000) state that the external validity, or
generalizability of Internet studies is typically rather low because researchers do not,
or cannot, make efforts to ensure that samples used are randomly selected and
therefore representative of the larger population being studied.
Another problem associated with sampling includes the translation of concepts

into other cultures and languages. For example, how can a researcher possibly
expect a Zimbabwe national to be able to report annual income in terms of Ameri-
can dollars (Richard, 2000)? Similarly, some types of content may be treated very
differently across different cultures and make interpretations of results difficult
(Reips, 2000).
Other sampling issues include self selection bias (Smith & Leigh, 1997) and par-

ticipant motivation (Stanton, 1998). Because many researchers have traditionally
used undergraduate psychology students as participants, and these students typically
obtain course credit for their participation, they may feel some pressure to see a
study through its end. With web-based surveys, however, there are no such social/
academic pressures (Reips, 2000). Finally, it may be difficult to establish response
rates because it is nearly impossible to tell how many people have seen announce-
ments for the study but decline to participate (Kaye & Johnson, 1999).

4.2.1. Problems associated with control over the experimental environment
Researchers lose almost all hope at controlling the experimental environment

when they decide to collect data via the Internet (Davis, 1999; Smith & Leigh, 1997;
Stanton, 1998). Not only is there little assurance as to who will participate, there is
absolutely no way of knowing the psychological status of the participants. Like mail
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surveys and some self-completed questionnaires, people may be distracted, fatigued,
rushed, or even intoxicated while completing the survey.
The type of computer and version of Internet browser software will also vary from

individual to individual (Pettit, 1999; Schmidt, 1997). Not only will some comput-
ers not be able to adequately display certain types of graphic and multimedia con-
tent, not every Internet browser software supports all types of programming.
Therefore, not only may a survey appear differently across different machines, it
may also function differently across different software packages. It is virtually
impossible to test an Internet application with every available platform and software
package and thus, nearly impossible to assure that all users will have the same test-
taking experience.

4.2.2. Problems associated with data integrity
Once users have submitted data to an Internet survey, researchers have additional

difficulties. First, because the data are sent (and often stored) on-line, there is a
potential for breaches in security (Pasveer & Ellard, 1998; Schmidt, 1997). Computer
hacking can make the survey and its results available to unintended persons (Smith
& Leigh, 1997). Although such breaches in security are possible, the likelihood is
remote and fairly easy to prevent by employing methods such as using secure web
sites, encrypting data before it is transmitted, and storing data in secure directories
behind firewalls (Barak & English, 2001; Schmidt, 2000). Overall, Barak and English
argue that ‘‘there is no evidence that test data are more secure if paper-and-pencil
tests are used and materials are archived in standard office cabinet files or drawers
than on an Internet server. . .there appears to be no greater risk for data collected on
the Internet to be illegally obtained than any other electronic data or data saved
on traditional paper materials’’.
While hacking data is fairly easy to prevent, researchers have little control over

other aspects of their data. For example, it is nearly impossible to prevent hoax, or
disingenuous responses to the survey (Davis, 1999; Michalak, 1998). An equally
problematic issue is that of multiple submissions from a single individual.

4.3. Benefits of web-based data collection

Oddly enough, the benefits of web-based data collection closely mirror its asso-
ciated problems. That is, Internet surveys offer advantages in terms of: (1) sampling,
(2) control over the experimental environment, and (3) facilitation of data collection
and analysis.

4.3.1. Benefits associated with sampling
The number of individuals using the Internet is growing at an exponential rate. In

April of 1999 there were approximately 92 million Internet users in the United States
and Canada alone, representing an increase of about 13 million users in a period of
just 9 months (CommerceNet, 2000). But this growth is not limited to North
America. In fact, even developing nations are showing similar patterns of expansion
(Schmidt, 1997). With such a huge population of users, the Internet allows for access
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to large samples of individuals which had, until now, been inaccessible (Michalak,
1998; Pasveer & Ellard, 1998), thus aiding cross-cultural research (Smith & Leigh,
1997). However, because there are so many people using the Internet, researchers
are also able to target very specific populations such as youth, gays and lesbians, or
trauma survivors (Michalak, 1998; Schmidt, 1997). Researchers also have the ability
to limit who will be granted access to their survey by distributing Personal Identifi-
cation Numbers or having their server deny access to certain domains (e.g. restrict-
ing access to allow use only by students from the researcher’s home university;
Schmidt, 2000). To control for self-selection, researchers may recruit participants via
multiple means, providing a separate URL for each method. By examining differ-
ential access to these URLs, researchers can identify if some type of systematic self-
selection processes influenced participation in the study (Reips, 2000).

4.3.2. Benefits associated with control over the experimental environment
As with other computer assisted testing programs, individuals may find Internet

surveys less threatening and more interesting than traditional paper-and-pencil tests
(Stanton, 1998). The very nature of Internet surveys offers increased anonymity and
decreased demand characteristics (Davis, 1999; Pasveer & Ellard, 1998; Smith &
Leigh, 1997). Because Internet surveys may be perceived as less threatening and
more anonymous, they may facilitate greater honesty and self-disclosure. Also,
because the experimenter is not present with the participant, observer biases may be
eliminated (Davis, 1999). Finally, Internet surveys may be designed to be dynamic —
changing with users’ responses. This type of interactivity is likely to increase
participant interest and motivation (Schmidt, 1997).

4.3.3. Benefits associated with data collection and analysis
Internet surveys allow participants to enter data at their own, not the experi-

menter’s, convenience (Davis, 1999). Consequently, large numbers of participants
may be collected in a short amount of time. For example, Birnbaum (2000) was able
to collect 1224 responses in a period of 4 months, nearly tripling the rate at which he
had been collecting subjects via traditional means.
Web-based surveys can be designed to check responses before they are entered,

thus assuring that the data are well structured and free from missing values or out-
of-range responses (Stanton, 1998). Furthermore, data entry errors are eliminated
because responsdents’ answers may be entered directly into an analyzable database,
completely eliminating the need for a separate process of data entry (Michalak,
1998; Pasveer & Ellard, 1998).
As noted earlier, critics of Internet surveys often express concerns about data

integrity issues. Even though no single method of assessing data integrity is likely to
emerge, several, imperfect, options do currently exist to evaluate the quality of
responses. As with traditional surveys, it is possible to examine pairs of items for
inconsistent responses. For example, it would be wise to be wary of the validity of
the responses from men who say they are pregnant or from respondents who deny
drug use in one section, then describe daily marijuana use in another. Other options
that take advantage of the technology include using cookies (small text files written
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to a participant’s computer and later read by the remote server) to monitor the
characteristics of respondents. Cookies could be used to track the number of times
any given computer has been used to access the survey, could be encoded with key
demographic responses from earlier survey completions, or could be encoded with
an ID number (Musch & Reips, 2000; Schmidt, 2000). Another option that has been
used to discourage multiple completions from a single user is requiring a potential
respondent to identify a valid email address before beginning the survey. Finally,
once suspicious data are identified, decisions can be made about which cases and/or
values should be excluded from the statistical analyses.

5. Previous Internet-based research

Combined, the benefits of Internet-based surveys allows researchers to save time
and money (Davis, 1999; Nicholson, White, & Duncan, 1998; Schmidt, 1997). Con-
sequently, although there are currently few published examples, there are likely to be
increasing numbers of psychologically oriented research studies conducted on the
web. Below, is a review of several previously published studies. These examples are
organized into five separate categories: (1) e-mail surveys, (2) descriptive surveys, (3)
validations based on previously published findings, (4) validations based on a tra-
ditional comparison group, and (5) theoretical validations.

5.1. E-mail surveys

Researchers have extended the methods of traditional survey administration to the
Internet by conducting e-mail surveys (Anderson & Gansneder, 1995). Using this
methodology, researchers send e-mails to either random or targeted e-mail lists and
ask readers to respond to the survey via e-mail. Although this can be a quick
and easy method of sampling, it is at the cost of highly unformatted and unpredict-
able responses. Researchers using e-mail surveying techniques must spend a con-
siderable amount of time cleaning their data before data analysis can begin.
Mehta and Sivadas (1995) found that traditional mail-based surveys and e-mail

surveys tend to have similar response rates. Swoboda, Muhlberger, Weitkunat, and
Schneeweiss (1997) successfully used an e-mail survey to assess Internet users’ per-
ceptions of ‘‘Future Risks’’. The researchers set up a program to automatically
capture the e-mail addresses of individuals who posted messages to 200 randomly
selected Internet newsgroups. In 2 weeks, 8859 addresses were collected and 1713
individuals (20.8%) responded to their e-mail query.

5.2. Descriptive surveys

Instead of using e-mails, other researchers have attempted to collect data by
posting surveys on the Internet. Using standard HTML programming, researchers
can quickly create form-based questionnaires. Depending on their programming
sophistication, researchers may either have the responses to the survey returned via
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e-mail or, more elegantly, written directly to an analyzable database. The simplest
types of Internet studies merely attempt to provide descriptive information based on
the results of respondents’ responses. Musch and Reips (2000) argue that data
obtained from such Internet surveys may be of higher quality than data collected
via traditional means because Internet participants are likely to be less prone to
the effects of social desirability and typically give more elaborate and complex
responses. Furthermore, descriptive surveys collected via the Internet may provide
instructive results because they are likely to contain responses from individuals not
typically included in traditional surveying procedures.
For example, Kaye and Johnson (1999) created a 20-item Likert-type ques-

tionnaire to assess Internet users’ political preferences. After a month of data col-
lection, the researchers received, via e-mail, 306 completed surveys (average
age=31.2, 75.5% male, 60% college education or higher). The researchers posted
announcements about their survey in various forums and asked respondents to
indicate where they had first heard about the survey. Results indicated that 32%
responded from announcements in chat forums, 23% responded from links posted
on other web sites, and 17% responded from both postings in newsgroups and on
listserves.
Nicholson, White, and Duncan (1998) also conducted a descriptive Internet sur-

vey. Their goal was to determine if there is a large population of successful, well-
functioning adults who are casual users of illicit drugs. They created a four-part
survey (demographics, drug experiences, legal history, and general well-being) and
posted it on the Internet for 2 weeks of data collection. The researchers posted
announcements of their survey on Usenet newsgroups (i.e. all of alt.drugs.* and
rec.drugs.*). A total of 276 responses were received (average age=32.34, 78% male,
93% white). Although this study did use some sophisticated programming (e.g. only
assessing respondents’ behaviors with drugs for which they had indicated having
used), the researchers allowed respondents to skip individual items, thereby leaving
the researchers with missing data in several places.

5.3. Validations based on previously published findings

Instead of attempting to merely describe a population and their behaviors, other
researchers have attempted to collect data via the Internet and demonstrate its
validity by comparing results to those found in the literature.
Michalak (1998) conducted a web-based study to assess Seasonal Affective Dis-

order (SAD). In 4 months of data collection in which an on-line survey was publicized
on various newsgroups and search engines, 425 surveys were completed. Results
indicated that 30% of the sample could be classified as having SAD. Although
Michalak found a low correlation between latitude and seasonal depression, several
results did confirm previous research findings including an inverse correlation
between SAD and age and a high prevalence of sub-clinical manifestations of SAD.
Stones and Perry (1997) conducted a similar survey to assess the incidence of

panic attacks among Internet users. Publicizing their survey in newsgroups and on
search engines, their 5-week data collection period yielded a total of 330 respondents
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(64% female, 51% from the 21–39 age group). The researchers reported a 60% hit
to completion ratio. Responses to the survey were congruent with symptomatology
reported in the literature.
Richard (2000) conducted sophisticated analyses of responses to his web-based

Post-Traumatic Stress Disorder (PTSD) survey. Publicizing his survey on search
engines and a link on the International Society for Traumatic Stress Studies home
page, his 10-month data collection period yielded a final sample of 260 completed
surveys (72% female, 89.6% Caucasian, 61% with college degree or higher, from 19
different countries). Using confirmatory factor analyses, Richard demonstrated that
despite his heterogeneous sample, participants’ patterns of responding to the survey
matched the same factors identified in the literature.

5.4. Validations based on a traditional comparison group

Instead of comparing results based on previous literature findings, several other
researchers have conducted their investigations using both an Internet and a
laboratory sample. This type of validation study is quite analogous to studies
researchers have performed when trying to validate CAI and CAT software. Gen-
erally, attempts at establishing the convergent validity of web-based studies have
been quite successful, with data collected in the laboratory showing the same
psychometric properties as data collected via the Internet (Krantz & Dalal, 2000).
Buchanan and Smith (1999a) posted a self-monitoring questionnaire on the web

and recruited participants via postings to newsgroups and solicitation of links on
other web sites. Over a 2-month data collection period, the researchers obtained a
total of 963 completed surveys (51% male, average age=32). The researchers also
collected data from a sample of 224 undergraduate volunteers (16% male, average
age=27). Despite the relative differences in demographics between the two samples,
confirmatory factor analyses demonstrated that both the web-based sample and the
undergraduate sample had identical factor structures.
Pasveer and Ellard (1998) obtained similar results in their study of self-trust. A

sample of 429 Internet users were recruited via personal e-mails, links from other
web pages, and listings on search engines. Researchers also obtained an additional
sample of 760 volunteer undergraduate psychology students. Both groups took a 20-
item 5-point Likert-type questionnaire on self-trust. Results were remarkably similar
to those found by Buchanan and Smith (1999a): despite marked differences in
demographics, the two samples’ responses to the questionnaire were virtually iden-
tical in terms of factor structure.
Other researchers have conducted similar studies, using different measures. For

example, Davis’ (1999) investigation on rumination, Smith and Leigh’s (1997) study
on human sexuality and sexual fantasies, Bailey, Foote, and Throckmorton’s (2000)
investigation of sexual behaviors and attitudes, Stanton’s (1998) survey on fairness
in the workplace, Birnbaum’s (2000) decision-making experiments, and Krantz,
Ballard, and Scher’s (1997) study on the determinants of female attractiveness all
demonstrated that data collected via the web is virtually indistinguishable from data
collected in the laboratory.
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5.5. Theoretical validations

Although Buchanan and Smith (1999a) demonstrated congruence between their
web-based measure of self-monitoring and laboratory sample, in an additional
study (Buchanan & Smith, 1999b) they sought to demonstrate that their web sur-
vey actually measured the construct it purported to measure. Based on the litera-
ture’s formulation of the concept of self-monitoring, the researchers identified
groups of individuals who should theoretically be high or low in self-monitoring.
They reasoned that actors and obese people would be high self-monitors and
shy people and individuals interested in environmental causes would be low self-
monitors. The researchers then identified newsgroups in which each of the identi-
fied groups might participate and sent announcements to these groups asking for
volunteers to take their web-based survey of self-monitoring. Different URLs
were used to track the newsgroups from which participants came. Results of
the study supported the researchers’ hypotheses. Participants from the high self-
monitoring newsgroups did score significantly higher than those from the low
self-monitoring newsgroups.

5.6. Research on Internet research

Krantz and Dalal (2000) reviewed a large portion of published research conducted
via the Internet and Musch and Reips (2000) conducted a survey of researchers who
have conducted Internet studies. Taken collectively, the findings of these two sepa-
rate articles give an interesting overview of Internet research.
Among the findings include generalizations about gender, ethnicity, country of

origin, and age of research participants. Typically, most respondents to web-based
studies have been white North Americans with an average age of 35.2 (S.D.=9.5).
Europeans have been consistently represented at about 10% of all participants. No
clear-cut gender trends are available, with percentages varying widely from study to
study. From the practical standpoint, web-based studies have required an average of
22 min to complete with a range from between five and 90 min. The average total
number of participants is 427 with a range from between 13 and 2649. On average,
68% of all visitors to a given web survey completed it, with a range from seven to
100%. Finally, researchers reported knowing of no attempts to breach the security
of their survey or their data.

6. Conclusions and future directions

The preceding sampling of Internet-based research surely represents just the
beginning of a new phase of investigations into the benefits of computerized assess-
ments. Just as researchers have spent the past three decades investigating reliability
and validity issues of CAT and CAI software, we are likely to see many years of
research which examines the benefits and problems associated with Internet-based
assessment.
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Despite the fact that research conducted via the Internet is computer-based, many
of the previous issues surrounding CAT and CAI software are no longer relevant.
For example, the issue of end-users suffering from ‘‘cyberphobia’’ is a moot point
when it comes to Internet-based studies. Not only has previous research concluded
that most users actually prefer taking assessments via the computer, but Internet
users represent a population who voluntarily seek to use their computers. Similarly,
because previous research has demonstrated that translating a measure into a com-
puterized format does not necessarily change its reliability and validity, new Internet-
based investigations need not be so focused on demonstrating the equivalency of
paper-and-pencil instruments to computerized versions that are identical in every
other way. However, there is still much to be learnt about the equivalency of
instruments when the testing method is altered with computerization (e.g. using
adaptive testing methods). Further, there is a need for more research exploring the
impact that greater respondent anonymity has on disclosure with computerized
versions of traditional measures.
Perhaps the biggest challenges for researchers in designing Internet-based studies

will be examining ways to deal with problems associated with data integrity and
sampling. Clearly, Internet users represent a unique population of individuals who
may or may not be representative of the general population on a number of impor-
tant psychological variables. Similarly, because individuals from around the world
have access to any content on the Internet, researchers must learn how to adequately
handle respondents from outside the intended population.
Additionally, researchers using the Internet have faced the new obstacle of having

limited ability to help respondents who have adverse reactions to participating in
their studies. Such effects could be anything from mild distress felt after self-
disclosing personal information to the more severe case of re-awakening suicidal
ideations. New standards for ethics and guidelines for research may be needed to
help establish practices for how to effectively debrief Internet research participants.
As computing power continues to escalate, and the Internet evolves even further

than it already has, researchers should begin to examine how changes in society as a
whole, and the Internet in general, might affect the outcomes of Internet-based
studies. For example, one untoward effect of an increasing number of Internet-
based studies might be difficulty recruiting participants as competition from other
Internet studies increases. Similarly, researchers should examine methods of
recruiting individuals into research studies and potential interactions between
recruitment and content. For example, Buchanan (2000) notes that recruiting via
newsgroup announcements may contaminate results because of the strong possibil-
ity that participants will discuss the study on the newsgroup. Meta-investigations of
how the Internet is being used and how it is changing will provide a unique oppor-
tunity for collaboration between multiple professions including computer scientists,
social psychologists, and clinicians.
Similarly, web-based research has opened the door to a new era of cross-cultural

investigations. Sadly, few researchers have taken advantage of this new promise. A
notable exception is work by Pagani and Lombardi (2000) which examined cultural
and geographical difference in the perception of facial determinants of surprise.
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Perhaps it is fitting that one of the first cross-cultural Internet studies examined
surprise. There are, no doubt, many surprises to come in the field of Internet-based
research. Ideally, however, with its global and always-available presence, Internet-
based research will actually open the doors for researchers to gain a better under-
standing of humanity at large.
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