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ABSTRACT
This study investigates the effectiveness of online task support (the wizard type in particular) relative to
instructor-led training, and explores the underlying cognitive process in terms of the development of mental
models. Ninety-two novice users of Microsoft Access were either trained by an experienced instructor or
performed exercises with online task support, and then completed a variety of performance-based tests.
Analysis shows that users of online task support tended to outperform instructor-trained individuals on high-level
tasks, whereas the performance difference on low-level tasks was not significant. The cognitive processes
underlying the difference are also noteworthy. Task support users were more likely to develop conceptual
mental models as opposed to procedural ones, which accounted for their better high-level performance. Mental
model completeness was also found to be closely associated with performance on both low and high-level
tasks. These findings offer support for increased use of online task support.
Keywords: end-user training; human-computer interaction; mental models; online task support
INTRODUCTION
End-user training is a multi-billion dollar business, critical to the successful implementation of systems and the
productive use of technology (Compeau, Olfman, Sein, &Webster, 1995). However, spending is no guarantee
for success. Traditional training approaches tend to remove trainees from the context of work, provide them with
a loaded training program, and then send them back to their jobs. They run the risk of teaching material that
would never be transferred to the actual job context. By providing all training in massed sessions, the
knowledge acquired might deteriorate over time.
After an initial training, users tend to practice only those procedures that they need to accomplish their most
urgent tasks. "As a result, much of what they were initially trained to do but did not continue to do regularly was
forgotten" (Bullen &Bennett, 1996, p. 371). Occasional users in particular are not interested in regular training
sessions, nor would they benefit from such training (Eason, 1988). According to Eason, what they really need is
the "point of need support," which provides specific answers when questions arise from real work. A variety of
mechanisms could be used to provide such types of support, including online help facilities.
Advances in information technologies have created both challenges and opportunities for end-user training. On
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one hand, learning everything in advance has become impossible, and it is difficult to be proficient with many
applications or many functions of a single application. End-users must develop the ability of self-learning and
support. On the other hand, online task support has become increasingly sophisticated and increased in variety
including help and references, examples, wizards, cue cards, and custom-designed job aids. More importantly,
online task support has emerged as a potential viable alternative to the conventional training, allowing training
to be integrated into working.
The central idea of online task support is embedding training and support functions within an operational
system, to enhance knowledge workers' performance by providing access to knowledge, information, advice,
and learning experiences in the context of work (e.g., Gery, 1995; Marion, 2002; Masumian, 2000). hi other
words, online task support is provided to users within the context of work via integrated and on-demand access.
Only granular task-specific knowledge is delivered to retain the job context. Rather than lengthy comprehensive
lectures on system functionality, sufficiently small taskoriented modules are offered to provide information just
enough to complete the task at hand. Training and support are accessed only as required to deal with actual
problems arising from work. As a result, the issue of transferring learning from the training environment to the
work environment would no longer be a concern, because the training environment would be the work
environment. Similarly, rather than massed training sessions, online task support provides ongoing support.
A common feature of online task support is wizard-based scaffolding (Hmelo et al., 1999). A wizard in a
computer application typically consists of a set of simple dialogue boxes that guide the user through a
cognitively complex task. The task is decomposed into multiple subtasks organized sequentially to reduce the
cognitive load required to complete the task. There are several benefits of wizards in providing support or
scaffolding to a task. A wizard can make the user aware of the expected task components, and necessary
parameters to be set. In other words, the user is given a structure and transparency of the task. As a result, the
task becomes less cognitively demanding as the user can concentrate on one subtask at a time rather than
approaching the task as a whole piece. Navigation from one subtask to another is guided and facilitated. The
online task support tool evaluated in this study is primarily based on wizards.
To date little empirical research has been conducted on online task support. Most of the work that does exist is
either conceptual or anecdotal in nature (cf., Hudzina, Rowley, &Wager, 1996; Moore &Orey, 2001). One of the
few empirical studies investigated the effectiveness of wizards for supporting medical students to design clinical
trials (Hmelo et al., 1999). They were asked to design and critique a clinical trial to test a new anticancer drug,
assisted by a wizard type of scaffolding tool. Subjects gained a 34% increase in the quality of their group
design, and improved by 48% in their individual critiques of flawed designs. In another study, online task
support was compared to instructor-led training using a sample of insurance agents (Bastiens, Nijhof, Streuner,
&Amba, 1997). Contrary to the hypothesis that online task support would be superior, it was found that there
was no significant difference in learning between the two groups of trainees. Moreover, it was found that
trainees preferred the instructor-led training due to its social element. The big advantage of online task support
in this case was potentially a tremendous cost saving because the number of trainees was large and the costs
of instructor-led training were closely related to the number of trainees.
This research intends to fill some of the gaps in the current literature. The research questions are: How effective
is online task support relative to instructorled training in supporting the performance of different types of tasks,
and what are the underlying reasons for any performance difference between the two approaches?
The remainder of this paper is organized as follows. The next section presents several research hypotheses,
largely based on the notion of mental models. Then, details of the research method are described, and results
of data analysis are presented in the next two sections. Lastly, this paper concludes with a discussion of the
implication and limitations of this research.
RESEARCH HYPOTHESES
Mental models are the internal representations that people have of systems. The conceptual underpinnings of
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mental models have been prominent in psychology for some time. This paper will not provide a comprehensive
review of the literature, as it has been done elsewhere (e.g., Mayhew, 1992; Santhanam &Sein, 1994).
According to Johnson-Laird (1980), mental models are knowledge structures that describe the relationships of
the various components of a system. Norman (1983) adopted the concept as a cornerstone for humancomputer interaction. Through interacting with a target system that people are learning or using, they form their
mental model of the system. The model provides predictive and explanatory power for understanding the
interaction.
Conceptual models are closely related to, but different from, mental models. Rather, they are often used in the
human-computer interaction literature to refer to a model provided to end-users for them to develop their own
mental model (Mayhew, 1992; Norman, 1983). Whereas mental models are users' internal representations of a
system, conceptual models are invented by the designers, instructors, trainers, or engineers, and can be
external training aids that provide a basis for forming mental models (Norman, 1983). Moreover, the provision of
an accurate and easy to understand conceptual model is a key factor in determining the ease of learning and
use of a system.
There are two types of conceptual models that are used to help users in practice, analogical and abstract (Sein
&Bostrom, 1989). Analogical conceptual models use metaphorical representations to explain a target system in
terms of a system that is familiar (Santhanam &Sein, 1994). This approach allows users to draw upon their
existing knowledge, and to apply it to an unfamiliar system. For instance, the "desktop" and "recycling bin"
metaphors help novice users handle documents, widely used in graphical user interfaces of computer operating
systems. While users might be unfamiliar with the operating systems, the idea of dropping a document into a
recycling bin is probably familiar. Abstract conceptual models are synthetic representations of a system (Sein,
Bostrom, &Olfman, 1987). They depict atarget system using only "schematic diagrams, hierarchical charts, or
mathematical expressions" (Santhanam &Sein, 1994, p. 381).
Similarly, if a user's understanding of a target system is predominantly analogical or abstract, it is deemed that
the user possesses conceptual mental models. The other type of mental model is procedural, if a user's
understanding of a target system is in terms of operational procedures, according to Santhanam and Sein
(1994).
As reported in a variety of literature, people do not always form appropriate mental models (cf., Mayhew, 1992).
Mayhew concluded that many mistakes by computer users are systematic, and that the mistakes "seem best
accounted for by positing an inappropriate mental model from which users are drawing inappropriate inferences
and thus making inappropriate predictions" (p. 81). In addition, Norman (1983) observed that mental models are
often incomplete, unstable, without firm boundaries, and unscientific. Most people's understanding of the
systems that they use is "surprisingly meager, imprecisely specified, and full of inconsistencies, gaps and
idiosyncratic quirks. The models ... contain only partial descriptions of operations and huge areas of
uncertainties" (p. 9). In this study, mental model completeness is the focus of quality measure based on the
work of Santhanam and Sein (1994). It refers to the degree to which a mental model truthfully represents an
entire system.
The design and provision of conceptual models through the user interface is a key concern in human-computer
interaction (Mayhew, 1992). It is desirable to provide a proactive and "intelligent" help system that reinforces the
conceptual model to encourage the development of optimal mental model. There is empirical evidence that
such help systems assist users in learning to use systems (Mayhew, 1992). In fact, the online task support
assessed in this study features both extensive use of wizards and proactive provision of such support by the
system, as illustrated later in the next section.
The authors of this paper believe that a major strength of wizards is its ability to present analogical and abstract
conceptual models. Such conceptual models of a system can be purposefully built into wizards and effectively
presented to users in the context of their work. In particular, it is natural and convenient to embed conceptual
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models into wizards; as a complex task is decomposed into simpler subtasks, many mechanisms can be used
to present conceptual models such as graphical icons, interface metaphors (such as the "desktop" and
"recycling bin"), schematic diagrams, and hierarchical charts.
Moreover, because wizard use is closely tied to the completion of real task as opposed to learning in abstract,
conceptual models embedded in wizards are also made available just-in-time or at the "point of need" for task
on hand. It is especially the case if wizards are provided to users in a proactive manner initiated by the system,
hi other words, the wizard type of online task support could also enhance the timing of the delivery of
conceptual models, which facilitate the development of conceptual mental models.
Whereas instructor-led training can focus on developing conceptual mental models, for example, through
analogies, it is not the case in typical instruction-based training. A survey by Bullen and Bennett (1996) found
that trainees were often given only basic and mechanic training. Trainees "generally described the training that
they had received in the use of their software as directed toward building procedural or mechanical skills-basic
instruction in what keys to push to accomplish specific tasks" (p. 370). In addition to the content focus on
procedural training, the timing of training delivery is another limitation of instructor-led training. Because training
is not at the "point of need," both its usefulness and users ' motivation to learn may be reduced (Eason, 1988).
Therefore, online task support has two major advantages over instructor-led training, the ease of presenting
conceptual models and the delivery of such models just-in-time. As a result, online task support should be more
conducive to the development of conceptual mental models than typical instruction, and with higher quality. The
previous discussion is summarized as Hypothesis 1.
Hypothesis 1: (a) Online task support is more likely to lead to the development of conceptual mental models as
opposed to procedural ones, and the former type is more likely to be developed with online task support than
with instructor-led training. Moreover, (b) online task support will result in more complete mental models than
typical instructor-led training.
Mental models are considered one of the key factors in determining users' success with using computer
systems (Mayhew, 1992; Shneiderman, 1998). The importance of mental models in assisting system use can
be understood from cognitive perspectives. For example, the assimilation theory proposed by Ausubel (1968)
explains the cognitive processes underlying learning whereby new knowledge can be committed to long-term
memory. According to this theory, learners require a conceptual understanding into which learning can be
integrated. A developed conceptual mental model provides this understanding, which outlines how various
components of a system work together, thereby providing the appropriate framework upon which learners can
anchor and assimilate new information. Indeed, Mayer (1981) found that users who were provided with
conceptual models in advance of use were better able to transfer novel tasks to long-term memory.
Prior research has also demonstrated that users with accurate and complete mental models outperform others
in terms of task completion (e.g., Mayer, 1981; Borgman, 1986; Sein &Bostrom, 1989; Santhanam &Sein,
1994). In the end-user training literature, Santhanam and Sein (1994) found that users with conceptual mental
models performed better than those with procedural ones. Therefore, Hypothesis 2 is proposed to reconfirm the
relationship between performance and the presence of conceptual mental models, and to justify the relative
advantage of the wizard type of online task support in the delivery of conceptual models.
Hypothesis 2: Individuals with conceptual mental models will perform better than those with procedural ones.
In addition to the benefit of online task support for developing conceptual mental models (Hypothesis 1 ), which
help task performance (Hypothesis 2), the continuous and just-in-time availability of online task support can
directly enhance users' task performance (Bastiens et al., 1997; Eason, 1988; Gery, 1995). Wizards can
facilitate the execution of otherwise complex tasks (Hmelo et al, 1999), and deal with emerging problems. With
a reasonably developed conceptual mental model of a task combined with task-simplifying wizards, users could
be in a good position to complete given tasks. In contrast, exposure to instruction alone may not give trainees
the necessary and relevant knowledge to complete new tasks. Trainees could be ill-equipped to deal with novel
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situations, lacking the ability to obtain task knowledge at the point of need. Therefore, Hypothesis 3 posits the
expected direct benefit of online task support in terms of task performance.
Hypothesis 3: Online task support will lead to higher performance than instructorled training.
As discussed earlier, most users lack appropriate mental models, which is a key cause for operational mistakes.
Therefore, it is reasonable to expect that the quality of mental models will influence users' performance. In
particular, the completeness of mental models is a key aspect of quality, representing the level of
comprehensive knowledge about how an entire system should be used and what it is capable of. In fact, a prior
study has found that mental model completeness was associated with performance (Santhanam &Sein, 1994).
This relationship is to be reconfirmed as Hypothesis 4.
Hypothesis 4: Mental model completeness will be positively related to task performance.
RESEARCH METHOD
Participants and Experiment Procedures
Participants were recruited for one hour of free instruction in the use of Microsoft Access, which is the leading
desktop database management system, and an honorarium of $ 15 for another hour of additional exercises and
tests. In total, 92 individuals volunteered to participate in this experiment. They were undergraduate and
graduate students with various academic backgrounds in a major Canadian University. The recruitment letter
specified that subjects should be Access novices. Subjects were randomly assigned to one of two conditions,
the instruction or the online task support condition. Those subjects using online task support were offered the
free instruction at a later date. Prizes were offered to the top performer ($50) and the second best performer
($30) in each condition, but the announcement of the prizes were not made until the beginning of the
experiment to avoid attracting proficient Access users.
The experiments were conducted in a computer lab with 26 terminals, in five separate group sessions. Each of
these sessions lasted for about two hours, one for training and the other for testing. The instructor-led training
condition was done in the first two sessions, followed by three online task support sessions. Each session
started with a background questionnaire, followed by instruction or exercises with online task support. Then,
administered were self-efficacy and mental model measures, and lastly performance tests.
Instructor-Led Training
An experienced professional instructor was hired to conduct the training. This individual had over 20 years of
experience as a software instructor, with an extensive background in databases and Access in particular. For
the past 10 years she had been working for a local training company, which offered her services to
organizations on a contract basis. The design of the instruction condition was left almost entirely to the
discretion of the instructor. The intention was to follow the best practice in the training industry. She was simply
informed of the duration of the class, that the trainees would be Access novices, that the format and curriculum
should be typical of what someone might receive in a professional setting, and that the class should not cover
the use of wizards or online help.
In a computer lab with a computer for each subject, the instructor introduced the software, and led subjects
through a number of hands-on exercises. Subjects were not provided with any guidance in the use of these
forms of task support, nor were they prompted to use online task support. The researchers observed the class
designed by the instructor, and documented the five main components to follow. ( 1 ) General overview-The
instructor introduced the class to Access, and briefly explained what the software is used for. She used the
analogy of aphone book, and described how the information in a phone book would be stored in a database. (2)
Table creation-The first procedural topic was table creation. The instructor described what a table is and what it
is used for, and proceeded to walk through the creation of a simple table with the class. (3) Form creation/Data
entry-The instructor explained to students how data is entered into a table. She walked through the creation of a
form, and showed students how to enter data using it. (4) Sorting data/Creating filters and queries -After
showing students how to enter data, the instructor showed them how to sort it, and organize it in useful ways
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using filters and queries. (5) Data display/Creating reports-Students were introduced to reports, and briefly
shown what is involved in report creation.
Online Task Support
Subjects in the online task support condition had access to pre-installed 'Task Advisor" (TA), which was plugged
into Access to facilitate the use of Access. TA is primarily a wizard-type of task support tool, assisting novice
users in performing basic tasks. It outlines the basic steps to be performed for each task, and provides one-stop
access to all relevant task information. In addition to wizards, TA also draws from the online help of Access, but
reorganizes the help material around common basic tasks. To allow convenient access and to serve as a
reminder for the users, a small TA icon constantly appears on the computer screen (see Figure 1). The TA icon
can be clicked on with a mouse to open up a window with a menu of help topics available. From this menu
users can get an overview of Access, clarification on the meaning of several basic concepts (e.g., tables, fields,
relationships), and task-oriented instructions for designing tables and setting up relationships. Figure 2 shows
the general procedure for setting up an Access table along with the necessary background knowledge. This
wizard can be activated by the user from the TA menu, or by TA proactively when the user attempts anew task.
For example, if a user uses the mouse to click on the "Tables" button in the Database window (see Figure 1)
and there is no previously defined database table, TA would assume the user is a novice and provide task
support as shown in Figure 2.

Figure 3 is an example of how TA provides essential support needed by novices for a task. Note, an abstract
conceptual model about the concept of "referential integrity" is provided, and hypertext links can be followed for
additional information. TA uses abstract conceptual models extensively to help novices work with Access.
Subjects were given the same amount of time and exposure to similar topics covered in the instruction
condition: Based on what was covered in the instruction condition, a paper-based guide was designed
accordingly to point subjects in the online task support condition to the appropriate topics. This guide directed
subjects to work on specific tasks that were covered in the instruction condition, through the use of the Office
Assistant, online help, and TA. Care was taken to ensure that the guide did not provide any instruction on the
topics themselves. Instead, the guide directed subjects to the relevant task support tools. This approach was to
ensure that subjects in both conditions would be exposed to the same material.
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In essence, the instruction (control) group received approximately one hour of lecture and hands-on practice. In
the same time interval, the online task support (treatment) group was given TA, which featured the wizard type
of task support and abstract conceptual models of the system, along with exercises to be completed with the
help of other online resources.
Measurement
A set of five Access-based questions was designed as a performance-based test1. Three of them required
users to perform operational procedures using databases, such as building a table, establishing a series of prespecified relationships among tables, and extracting information from an existing database. These questions
were considered low-level tasks. It was not necessary for the subjects to understand what a table is, what it
means that two tables are related, or how the extraction of information might be useful. There were two essay
questions, which asked the respondent to describe how various components of a database work together. It
was necessary for an individual to have a conceptual understanding of how the entire program is structured,
rather than simply a functional knowledge of how it operates. These two essay questions were considered highlevel tasks.
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Our research identified mental models using an approach similar to Santhanam and Sein's (1994), which had a
reasonable degree of success with high interrater agreement. Subjects were asked to describe what they
understood about the system, and the description was coded as predominantly (conceptual) mental model,
predominantly procedures (procedural mental model), or undefined. The question administered was identical to
Santhanam and Sein's, although changes in the coding scheme were necessary. A classification scheme was
developed, which was intended to identify predominantly mental models or procedures. The coding scheme
emphasized the distinction between a procedural focus, which explains "how-to-do-it," and a conceptual one,
which describes "how-it-works." While some elaboration on this theme was necessary, the approach basically
categorizes "how-to-do-it" answers as procedural, and "how-it-works" ones as conceptual.
Answers to the mental model question were also graded for completeness, based on the approach Santhanam
and Sein used. Again, slight changes to the grading scheme were made for our subject domain. For the revised
version of this answer key, a list of key aspects of database structure and function was prepared. Mental model
completeness was evaluated based upon how many of these aspects were described correctly. Mental model
and completeness were graded by one of the researchers first, and then by an independent reviewer. The
classifications and scores of the two coders were then compared for inter-rater reliability, and any
disagreements were settled through discussion.
Potential covariates were also captured, such as subjects' age, level of education, field of study, computer
experience (in years), computer usage (in hours per day), self-reported computer skill, and computer selfefficacy. Self-efficacy was measured using the instrument developed by Compeau and Higgins (1995).
RESULTS
Only 84 complete sets of data were obtained from the 92 subjects for various reasons such as corrupt files on
floppy diskette and poor handwriting. Since incomplete sets were used in the examination of some hypotheses,
the sample sizes varied and consistently exceeded 84. Before the hypothesis testing, analyses were performed
to determine which variables should be included as covariates. As part of these analyses a correlation matrix
was calculated (see Appendix A). Education, experience, self-reported computer skill, and self-efficacy were all
correlated with at least one dependent variable. Therefore, these variables were considered as covariates when
the dependent variable with which they were correlated was being examined. However, since our sample size
was small, only one covariate with the highest correlation with the dependent variable was included in each
ANCOVA.

Chi-square tests were performed for Hypothesis 1(a). As illustrated in Table 1, there was a significant
relationship between support medium (instruction versus task support) and the type of mental model developed
(Pearson's chi-square = 5.82, P = 0.016). Users of online task support were more likely to develop conceptual
mental models than instructor-trained individuals. However, contrary to our expectation, subjects tended to
develop procedural mental models irrespective of the support medium. Further chi-squared tests show that this
tendency is particularly strong for instruction trainees (p <0.001 ), but somewhat weaker for online task support
users (p = 0.093). Therefore, there is partial support for Hypothesis 1(a).
Hypothesis 1(b) predicts the relationship between support medium and mental model completeness. This
relationship was tested using ANOVA. The results show that users of online task support achieved a slightly
higher score (4.72 versus 4.56 on average on a 10-point scale), at a statistically insignificant level of p=0.781 (F
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= 0.077). Therefore, although users of online task support were more likely to develop conceptual mental
models, their models were not necessarily more complete than those of the instructor-trained users.
Hypothesis 2 was evaluated using ANCOVA, analyzing the relationship between mental model type and
performance on both high- and low-level tasks separately. On high-level tasks, subjects with conceptual mental
models outperformed those with procedural ones, at a statistically significant level of p = 0.001, with selfreported computer skill controlled for, as shown in Table 2. Subjects with conceptual mental models scored an
average of 11.2 out of 20 on high-level tasks, compared to 8.1 by subjects with procedural mental models.
These results offer strong support for Hypothesis 2. However, in case of low-level tasks, subjects with
conceptual mental models appeared to have outperformed those with procedures on low-level tasks (6.19
versus 5.76 on average), but this result is not statistically significant

Hypothesis 3 examines the relationship between support medium and performance, and it was evaluated using
ANCOVA for both high- and low-level tasks. For high-level tasks, the results summarized in Table 3 show that,
with the covariate controlled for, the effect of the support medium was significant (p = 0.022). The online task
support group's average score was 9.7 out of 20, while the instructor-trained group averaged only 7.8. On lowlevel tasks, the difference between the two groups is in the same direction as predicted, 6.2 out of 9 versus 5.5.
However, the result is not statistically significance (p=0.149), with the covariate controlled for. Therefore,
Hypothesis 3 was supported in the context of high-level tasks, but not low-level tasks.
Note that users of online task support were more likely to develop conceptual mental models (Hypothesis 1),
which were associated with increased performance on high-level tasks (Hypothesis 2). Therefore, it is
interesting to examine the degree to which the effect of supportmediumonhigh-level tasks can be explained by
the development of conceptual mental model. Specifically, it is important to ask how much of the effect of
support medium on high-level tasks is a direct effect, and how much of it is mediated by mental model type.

As illustrated in Table 3 previously, the independent variable, in this case support medium, does account for a
significantly amount of variation in the dependent variable, high-level task. Meanwhile, the potential mediator
(mental model type) also accounts for variation in high-level tasks (Table 2). Finally, Table 4 illustrates that the
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effect of support medium is no longer significant when the mediator is controlled for. These three results satisfy
the three requirements to conclude that mediation is occurring (Baron &Kenny, 1986). In other words, mental
model type does mediate the effect of support medium on high-level tasks.

By establishing mediation we can conclude that the increased performance on high-level tasks that is
associated with the use of online task support is because of the group's tendency to develop conceptual mental
models. In other words, online task support had little direct impact on performance, contrary to our expectation.

Hypothesis 4 investigates the relationship between mental model completeness and performance. Because the
independent variable, mental model completeness, is hi ratio form, regression was used to test the
hypothesized relationships on both high- and low-level tasks. Table 5 shows that the relationship between
mental model completeness and high-level task performance was significant at a level of p <0.001. Again, the
positive value of the standardized beta coefficient (β = 0.453) suggests that more complete mental models are
associated with better performance on high-level tasks. Therefore, Hypothesis 4 is supported.
As illustrated in Table 6, the positive value of the standardized beta coefficient (β = 0.296) for mental model
04 November 2013

Page 10 of 15

ProQuest

completeness indicates that low-level task scores increased with more complete mental models, as was
predicted. The effect of mental model completeness was significant at a level of p = 0.003. These results offer
strong support for Hypothesis 4.
To summarize the findings, users of online task support performed better or equally compared to instruction
trainees. The underlying reason could be that support medium had a direct impact on the type of mental model
developed, and that there was also a mediated relationship whereby support medium affected performance on
high-level tasks through its effect on mental model development. There was no evidence of a relationship
between support medium and low-level task performance; nor was mental model type significantly related to
low-level task performance. However, mental model completeness was significantly related to performance on
both low and high-level tasks.
CONCLUSIONS AND DISCUSSION
Summary of Results
Analysis revealed that the instruction group did not outperform the online task support group on any measure of
performance, while the latter did significantly better on high-level tasks. Similarly, subjects with procedural
mental models did not outperform those with conceptual ones on any tasks, but the latter group performed
better on high-level tasks. Further tests revealed that the superior performance of online task support users
could be explained by their increased tendency to develop conceptual mental models. Moreover, as a predictor,
mental model completeness was very strongly related to performance on both low and high-level tasks.
Online task support was more likely to lead to the development of conceptual mental models than instructor-led
training, although trainees in both conditions were more likely to learn procedures. It is interesting to note that
the abstract conceptual models of Access featured in Task Advisor (the main online task support treatment)
appeared to have helped the development of conceptual mental models, as they were referenced by a number
of subjects in their answers. However, there was no significant difference in the completeness of the mental
models developed by the two groups. It appears the type training and task support that a user receives does
influence the user's knowledge organization and structure about the system, but does not determine the
completeness of the knowledge.
Contributions and Implications
The most significant contribution of this research is evidence of the effectiveness of online task support, which is
comparable to instructor-led training on every measure of performance and self-efficacy, and sometimes better.
This finding is particularly significant when the following points are considered: (1) online task support can be
much cheaper to provide than instructor-based training, especially when training large numbers of users and (2)
online task support provides ongoing reinforcement of learning, and support in performance. Therefore, while
classroom learning deteriorates over time, users of online task support would be expected to build upon initial
understanding. Whereas this study found online task support to be equally effective as instruction after less than
an hour of exposure, the observed differences could become even greater overtime.
The second contribution of this research is an understanding of the underlying mechanism that contributes to
the effectiveness of online task support. An increased tendency to develop conceptual mental models accounts
for much of the advantage of online task support. This result suggests that it might be time to rethink the focus
of online task support. Whereas wizards are typically designed to make complex tasks easy and transparent,
this type of task support is also useful for developing conceptual understanding of the application. To our
knowledge, this is the first study to examine the potential of wizards for both presenting and just-in-time
delivering conceptual models.
This research also has implications for computer training, irrespective of the medium of delivery. For example,
the considerable power of mental model completeness in predicting performance indicates that trainers should
cover a comprehensive variety of topics, rather than a smaller number in greater detail. Moreover, this research
strengthens the arguments of those who have suggested that conceptual training is preferable to procedural
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training (e.g., Borgman, 1986; Dayton, Gettys, &Unrein, 1989; Santhanam &Sein, 1994).
It is also important to realize that the advantage of online task support did not just materialize automatically.
Users were not left alone to complete the task; instead, they were given written instruction to practice using
online resources and the wizard type of task support in particular. Therefore, in practice users should be
encouraged to use online resources, given the time, specific instruction, tangible learning objectives, incentives,
and all necessary resources as in the case of formal classroom training.
Limitations
There are a number of limitations in this study that should be borne in mind when interpreting its results. First of
all, a major shortcoming of this study is that the experimental design does not clearly separate the delivery
method and content of training. It is assumed that most instructor-led training tends to focus on procedures
according to Bullen and Bennett's survey (1996), and that online tasks support is inherently natural and
conducive to developing conceptual models. However, in practice, instruction could emphasize conceptual
models, and online task support could focus on procedures. A better alternative for future studies would be to
have a two-by-two design based on the support medium (instructorvs. online) and content (conceptual models
versus procedures). Unfortunately, our single version of online task support (TA) made it infeasible in this study.
Secondly, there are several factors that limit the external validity of the results, as in other experimental
research. For example, despite our best effort to model the best practice in industry with the most experienced
professional trainer, it is possible that the performance of the instruction group had more to do with the
limitations of the particular instructor than with the instruction method in general. The university student subjects
were considerably younger and more educated than the general population, thus they are likely more
comfortable with learning from online resources.
Furthermore, although it was clearly stated in our recruitment letter that only novices of Access were invited and
no prize was mentioned, there was no guarantee that all participants were truly novices. We expected that the
random assignment of subjects to experimental conditions would minimize any chance ofbias in the results.
Future studies could use a simple test to screen out non-qualifying subjects prior to the experiment or
specifically target a known novice population only.
The artificiality of the experimental environment should also be borne in mind as another limitation. The online
task support condition directed subjects to use support tools during the software orientation session, although
use during task completion was discretionary. Ordinarily it is unlikely that learners would be given this type of
direction to use online task support in the real world. Moreover, in an environment where such direction is not
provided it is not clear that individuals will take advantage of the tools at their disposal during task completion.
On the other hand, most instructors likely would freely use of wizards in their training sessions, as good
instructors always use a variety of mechanisms. This constraint, while necessary for the experimental control,
could have negatively affected the effectiveness of instructor-led training.
In conclusion, this study shows that online task support can lead to comparable or superior performance than
instruction-based training. However, further studies are necessary to establish whether learners will be satisfied
with online task support as an alternative to the classroom, and whether they will be confident that they have
been sufficiently educated in the absence of structured classes with predefined curriculum. Answers to these
questions will certainly be important to the development and adoption of online task support.
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ENDNOTES
1 Interested readers may contact the first author to get a copy of various measures.
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