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ABSTRACT

When performing computer tasks, users frequently make errors. These errors can
frustrate users and keep them from reaching their task goals. Errors occur even more frequently
with novice users. It is important therefore to train novice users in appropriate responses to
errors. However, traditional approaches to training (also called procedural training) focus on
instructing users that errors are bad, and do not train users in how to respond to errors. This
paper describes three approaches for training novice users to respond to errors. A framework
for analysis of the research literature and future research needs is also presented.

INTRODUCTION

As users learn to use a new application of computer technology, they frequently make
errors (11, 14, 16). Systems and interfaces should be designed to minimize the chance of making
an error. In his book, The Psychology of Everyday Things, Norman discusses three goals for
system design: 1) minimize the causes of error, 2) make it possible to reverse actions easily and
make it hard to perform actions that cannot be reversed, and 3) make it easy to discover errors
when they occur, and make it easy to correct the errors (18). Researchers emphasize factors such
as the screen location of the error message (14), error messages that are clearly worded and
provide meaning (8, 24), and giving users different alternatives on responding to the error (1).

Even if a system is designed to follow these design principles, it is virtually impossible
for users, especially novice users, to avoid making errors, because novice users are especially
prone to committing errors (1, 3, 11, 14). This is especially true in the networked environment,
where there are more opportunities for users to get frustrated and make errors (13, 20).

Since it is impossible for novice users to avoid making errors, it is important to train
novice users in appropriate strategies for responding to errors. Traditional methods for training
novice users, called “procedural training,” focus on avoiding errors. In traditional training
methods, errors are considered to be counter-productive, and novice users are not instructed in
how to respond to errors. Since novice users tend to make errors frequently, this approach is
unrealistic. To assist novice users in responding to errors, three training methods have been
presented in the literature. These methods are error management, exploration, and conceptual
models. The purpose of this paper is to introduce and describe these three training methods,
describe how these methods train novice users to respond to errors, and present a framework
within which to study user responses to errors.

Traditional Training

Traditional training methods, also called procedural training, typically involve giving
users a list of specific steps to follow in order to learn a task (2, 21, 26). Users are expected to
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follow the directions exactly as written or presented to them (2). In traditional training
methodologies, no information about the structure of the system is given (21). Procedural
training has also been described as a deductive approach to learning tasks (6).

Traditional or procedural methodologies for teaching novice users how to use computer
applications focus on avoiding errors (3, 9). Frese and Altmann believe that this is based on
behaviorist traditions, in which errors are considered to be punishment (9, 10). The assumption
of training methodologies that focus on avoiding errors is that users never make errors when
performing tasks (3). This is unrealistic, since it is virtually impossible to avoid errors when
learning new tasks. (1, 3, 11, 14). In their study of novice users learning to use a word processor,
Carroll and Mack found that novice users may make errors as soon as they begin their task (5).
Carroll goes as far as saying, “In the [traditional] training, one step just followed another. If the
learner could pretend to be a robot, no errors would occur” (3, p. 41). However, it is unlikely that
a typical user can behave as a robot. Frese and Altmann also state that errors will occur in the
real work situation, since all of the features of a computer system can not be taught in training
sessions (9).

Regardless of why the errors occur, the fact is that errors do occur frequently with novice
users. Typically, novice users make insignificant errors, but in traditional procedural training,
they are not instructed on how to recover from these errors (2, 3, 5, 14). Carroll and Carrithers
found that a few insignificant errors may combine to form more significant errors, which
frustrate users, who are not able to recover from the error sequence (4). Due to the errors, users
may not be able to reach their task goals, and simply may give up. Because novice users
frequently make errors, it is important to train them in appropriate responses to errors.

Error Training

A new methodology for training, called Error Training, has been presented in the
literature (7, 10, 15). Although Frese et. al., Dormann and Frese, and Nordstrom, Wendland, and
Williams present error training as one training method, it is actually a combination of two
different training approaches - error management and exploration.

Error Management

When learning a new task on a computer, it is inevitable that at some point, users make
mistakes. When novice users make errors, they become frustrated, and many times, they give up
(9, 10). Error management highlights the positive aspects of errors (9). For instance, novice users
are provided with statements such as “Make Errors! You can learn from your errors!” and “I have
made an error. Great!” (10, 11). The cornerstone of error management is to train users that errors
are not bad. Users are taught that errors are good, because errors are opportunities for learning
).

Another aspect of error management is warning users of potential problem areas in a
system, where errors are more likely to occur (9, 10). Users may then pay extra attention to these
areas, which might increase the likelihood that users can avoid making errors in those areas. On
the other hand, if users do make errors in these areas, they are paying special attention, so they
are more likely to notice the occurrence of an error. By warning users of these potential error

areas, users are both less likely to make an error, and more likely to be able to respond if they do
make an error. '
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There are other positive aspects of making errors. Errors might keep incorrect sequences
from becoming automated (9). By making errors, users should be able to correct their actions
before a procedure becomes habitual. Users might also learn new procedures as a result of
making an error (10). Also, in the real-world work environment, errors occur on a frequent basis
(10). In the work environment, there is not always someone (a trainer) there to assist the user.
Users should be prepared for how to handle errors when errors occur on the job.

These error management strategies assist the users in viewing errors as a learning
experience and becoming less frustrated by errors (9). Greif and Keller agree with this
assessment, saying that “...it is important to redefine errors as learning situations for which
emotional and cognitive coping strategies have to be developed” (11, p. 242).

Exploration

Exploration has been defined as encountering objects and situations with a certain degree
of uncertainty (11). Exploratory training has also been described as an inductive approach to
learning tasks (6). In exploration, users are encouraged to explore their task environment (7).
Instead of giving users a step-by-step list of how to perform a task, a more general overview of
the environment is provided (7). Users are instructed in techniques for navigating through their
task environment.

In traditional training, to instruct the user in moving from a home directory to the “www”
subdirectory, the user would be told to type <cd www>. In exploratory training, the user would
receive a description of the <cd> command, and how to implement it. The user would not,
however, be told exactly what to type. The user would be encouraged to attempt the correct
command based on their knowledge of the command.

Carroll believes that exploration is a more appropriate methodology for training novice
users, because they are not overloaded with too much information (2). Furthermore, exploration
more closely models how novice users naturally tend to approach new tasks (26). Greif and
Keller state that when interacting with a computer, users usually do not plan their actions in
advance. Instead, users follow something akin to trial-and-error (11). Therefore, Wendel and
Frese suggest modeling the training on the users’ behavior, and encouraging users to explore
(26). Payne and Howes also note that exploration might be considered “more fun”, and less like
work, than procedural methods, for novice users (12, 19).

There are other advantages to exploration. Through exploration, users possibly can find a
better way to perform the task (9, 23). Exploration can benefit users because it has “...the
additional effect of eliciting positive emotional feelings and self-evaluations of competence and
efficacy” (11, p.236). Users can feel more confident when they explore.

Experimental Findings

There are currently three published studies on the effects of error training. These studies
are the Frese, et. al. (1991) study, the Dormann and Frese (1994) study, and the Nordstrom,
Wendland, and Williams (1998) study. The 1991 and 1998 studies focused on the task
environment of word processing, and the 1994 study focused on the task environment of
statistical software. In all three of these studies, subjects who received error training had higher
levels of performance than those who received traditional training. In addition, satisfaction levels
were measured in the 1991 and 1998 studies, and in both studies, subjects who received error
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training were more satisfied with their experiences than subjects who received traditional
training.

Error training is the combination of two other training methods - error management and
exploration. Although the experimental effects of error management alone are unknown, there
are studies published on exploration: Carroll and Mack (1984), Carroll and Mazur (1986), and
Frese and Altmann (1989). In all three of these studies, researchers found that users preferred
using the exploratory approach. It is important to note that there has also been related work done
on user manuals using the exploratory approach (2, 3, 26).

Conceptual Models

Another method that has been presented to assist novice users in responding to errors is
conceptual models (21). A conceptual model is an “accurate, consistent and complete
representation of the target system” (25, p. 588). These models are useful when teaching human
users about computer systems (17, 25). A conceptual model of a computer system could consist
of a basic description of the components of a computer system, along with how those
components work together (21). The human users, when given a conceptual model, compare it to
what is happening in their world (25).

There are two types of conceptual models: analog and abstract models (21). An analog
conceptual model compares the target system (the system that the user is learning about) to
another type of system (21). For instance, a computer network could be compared to a system
with two cans and a string. An abstract conceptual model describes a system using charts,
diagrams, and mathematical expressions (21) In a study of 48 novice users learning to use an
electronic mail package, Sein et. al. found that abstract conceptual models were more effective
than analog conceptual models, in training novice users (22). In a study of 66 subjects learning to
use an electronic mail package, subjects who received conceptual models had a higher level of
performance than subjects who received procedural training, although the difference was not
statistically significant (21). In the commentary on their experiment, Santhanam and Sein note
that conceptual models might be helpful in explaining errors to users (21).
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Research Framework

To assist in understanding the development of the research in this area, the following
research framework has been developed. This research framework presents the current state and
possible future directions of research related to error management, exploration, and conceptual
models in training.

Main Effects Named Training Published Studies
Method?
Conceptual Error Exploratory
Model Management | Training
Yes Yes Yes
Yes Yes No
Yes No Yes
Yes No No Conceptual Training Sein, Bostrom, and Olfman,
1987

Santhanam and Sein, 1994

No Yes Yes Error Training Frese et. al., 1991
Dormann and Frese, 1994
Nordstrom, Wendland, and

Williams, 1998

No Yes No

No No Yes Exploratory Training | Frese and Altmann, 1989
Carroll and Mazur, 1986
Carroll and Mack, 1984

No No No Traditional Training Many studies

The research framework shows that there are many areas of training that have yet to be
explored. For instance, error management has been combined with exploratory training, as “error
training.” However, the effects of error management, by itself, have yet to be tested. The
combination of error management, exploratory training, and conceptual models used together in
training has not been tested. Several other examples exist. Furthermore, a majority of the
published studies (including 5, 9, 10, 15) focus on the task environment of word processing.
Only two of the studies focused on network-based tasks. Sein, Bostrom, and Olfman, 1987 and
Santhanam and Sein, 1994 both focus on the task environment of e-mail. None of the published
studies focus on the task environment of web browsing. This is especially important since users
tend to make more errors in the networked environment (13). The research needs to be expanded
to other task domains, such as spreadsheets, databases, and web browsing.
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CONCLUSION

This paper presents different approaches for training novice users in responding to errors.
A research framework for these different methods is presented. In the increasingly networked
environment in which users find themselves, the opportunities for error increase. Because of this,

well-designed error messages are not enough. Users need to receive training in how to respond to
errors.

REFERENCES
1. Arnold, B., and Roe, R. (1987). User errors in human-computer interaction. In M. Frese,

E. Ulich, and W. Dzida (Eds.), Human computer interaction in the workplace (203-220).
Amsterdam: Elsevier Science Publishers.

2. Carroll, J. (1984). Minimalist design for active users. Proceedings of the Human-
Computer Interaction- INTERACT '84, London, England; 39-44.

3. Carroll, J. (1990). The numberg funnel: Designing minimalist instruction for practical
computer skill. Cambridge, Massachusetts: MIT Press.

4. Carroll, J., and Carrithers, C. (1984). Training wheels in a user interface.

Communications of the ACM, 27(8), 800-806.

5. Carroll, J., and Mack, R. (1984). Learning to use a word processor: By doing, by
thinking, and by knowing. In J. Thomas, and M. Schneider (Eds.), Human Factors in
Computer Systems (13-51). Norwood, N.J.: Ablex Publishing.

6. Davis, S., and Bostrom, R. (1993). Training end users: An experimental investigation of
the roles of the computer interface and training methods. MIS Quarterly, 17(1), 61-85.

7. Dormann, T., and Frese, M. (1994). Error training: Replication and the function of
exploratory behavior. International Journal of Human-Computer Interaction, 6(4), 365-
372.

8. DuBoulay, B., and Matthew, I. (1984). Fatal error in pass zero: How not to confuse
novices. Behaviour and Information Technology, 3(2), 109-118.

9. Frese, M., and Altmann, A. (1989). The treatment of errors in learning and training. In L.

Bainbridge, and S. Quintanilla (Eds.), Developing skills with information technology (65-
86). Chichester, England: John Wiley & Sons.

10. Frese, M., Brodbeck, F., Heinbokel, T., Mooser, C., Schleiffenbaum, E., and Thiemann,
P. (1991). Errors in training computer skills: On the positive function of errors. Human-
Computer Interaction, 6(1), 77-93.

11. Greif, S., and Keller, H. (1990). Innovation and the design of work and learning
environments: The concept of exploration in human-computer interaction. In M. West,
and J. Farr (Eds.), Innovation and creativity at work: Psychological and organizational
strategies (231-249). Chichester, England: John Wiley & Sons.

12.  Howes, A., and Payne, S. (1990). Supporting exploratory leaming. Proceedings of the
Human-Computer Interaction - INTERACT '90, Cambridge, England; 881-885.

13. Lazar, J., and Norcio, A. (1999). To Err Or Not To Err, That Is The Question: Novice
User Perception of Errors While Surfing The Web. Proceedings of the Information
Resource Management Association 1999 International Conference; 321-325.

133



1*

IACIS 1999 A FRAMEWORK FOR TRAINING NOVICE USERS IN APPROPRIATE ...

14. Lazonder, A., and Meij, H. (1995). Error-information in tutorial documentation:
Supporting users' errors to faciliate initial skill learning. International Journal of Human-
Computer Studies, 42(2), 185-206.

15.  Nordstrom, C., Wendland, D., and Williams, K. (1998). To err is human: An examination
of the effectiveness of error management training. Journal of Business and Psychology,
12(3), 269-282.

16.  Norman, D. (1983). Design rules based on analyses of human error. Communications of
the ACM, 26(4), 254-258.

17.  Norman, D. (1987). Some observations on mental models. In R. Baecker, and W. Buxton
(Eds.), Readings in human-computer interaction: A multidisciplinary approach (241-244).
San Mateo, California: Morgan Kaufmann Publishers.

18.  Norman, D. (1988). The psychology of everyday things: Harper Collins Publishers.

19.  Payne, S., and Howes, A. (1992). A task-action trace for explanatory leamers. Behaviour
and Information Technology, 11(2), 63-70.

20. Ramsay, J., Barbesi, A., and Preece, J. (1998). A psychological investigation of long
retrieval times on the World Wide Web. Interacting with Computers, 10, 77-86.

21. Santhanam, R., and Sein, M. (1994). Improving end-user proficiency: Effects of
conceptual training and nature of interaction. Information Systems Research, 5(4), 378-
399.

22.  Sein, M., Bostrom, R., and Olfman, L. (1987). Conceptual models in training novice
users. Proceedings of the Human-Computer Interaction- INTERACT '87, Stuttgart,
Germany; 361-867.

23. Senders, J., and Moray, N. (1991). Human Error: Cause, Prediction, and Reduction.
Hillsdale, N. J.: Lawrence Erlbaum Associates.

24.  Shneiderman, B. (1982). System message design: Guidelines and experimental results. In
A. Badre, and B. Shneiderman (Eds.), Directions in Human/Computer Interaction (55-
78). Norwood, N.J.: Ablex Publishing.

25.  Staggers, N., and Norcio, A. (1993). Mental models: Concepts for human-computer
interaction research. International Journal of Man-Machine Studies, 38(4), 587-605.

26. Wendel, R., and Frese, M. (1987). Developing exploratory strategies in training: The
general approach and a specific example for manual use. Proceedings of the Human-
Computer Interaction- INTERACT '87, Stuttgart, Germany; 943-948.

134



