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Abstract

The premise of this paper is that the effectiveness of web in contributing to learning will be a function of
web-model alignment and the appropriateness of the model to a particular learning situation. We begin
with a discussion of the most commonly advocated models of learning. Then we review the research evi-
dence on learner control in a web-based teaching environment and the conditions under which it can most
effectively facilitate rather than impede learning. Future research directions are discussed as well. # 2001
Elsevier Science Ltd. All rights reserved.

1. Introduction

An emerging trend in education worldwide is a movement of the focus from that of teaching to
that of learning (Ramsden, 1992; Bates, 1995). Examples of this trend are evident in many ways.
For example, the move in contemporary learning theories away from instructivist paradigms to
those which more readily describe and explain learning (Jonassen, 1993). Increasingly, we are
facing a move from content centered curricula to outcomes based modes of curriculum design
and with these moves has come an increased use of the Internet as an aid to learning and the
development and increased use of learner centered learning environments (Oliver & Omari, 1999).
Institutional leaders are emphasizing learning and learner-centeredness while instructors are
becoming aware of the possibility of changing how they teach and how their students learn (Gil-
bert, 2000). Traditional instructor-led learning, however, will not disappear. There are situations
in which classroom learning—human, face-to-face interaction—is preferable.
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The Internet requires us to ask fundamental questions about education such as: How do we
customerize learning to the individual? Web-based teaching offers a better opportunity to provide
more individualized instruction, with immediate and direct feedback on performance, than can be
offered by a conventional teaching (Khan, 1997). The Internet in particular can give to the lear-
ner, through its arrangement of nodes and links, the means to access information flexibly and
individually. The learner can control the learning strategy, choosing what to view, how long to
view how many times to view.
One major feature of web-based teaching is the possibility it offers to pass control of learning

sequences from the program designer to the learner (El-Tigi & Branch, 1997). It is for the learner
to follow or renounce the many possible paths which typically are available for the user to select
as a session progresses. Such flexibility in information access and exploration traditionally has
been by information scientists as an important quality in an information system. In an instruc-
tional environment, however, learner control can raise problems as well as incur benefits. Part of
the challenge web-based courses pose is that so much of what happens in them is dependent on
the self-motivation of students.
For pedagogical reasons, the effective design of flexible learning environments within a tech-

nologically rich medium is hampered without an understanding of the attitudes, needs, and
characteristics of its learners (Smith, 1997). Consequently, course design may become technology
driven rather than allowing technology to serve as a resource in support of student needs (Trapp,
Hammond, & Bray, 1996).
The premise of this paper is that the effectiveness of the web in contributing to learning will be a

function of web-model alignment and the appropriateness of the model to a particular learning
situation. We begin with a discussion of the most commonly advocated models of learning. Then
we review the research evidence on learner control in a web-based teaching environment and the
conditions under which it can most effectively facilitate rather than impede learning. Finally,
future research directions are discussed as well.

2. Learning models and their assumptions

The use of the Internet in an educational setting will reflect, either purposely or inadvertently,
some model of learning. The following review of learning models is not exhaustive; rather, it
seeks to highlight major differences among the more widely accepted models of learning in terms
of their assumptions, goals, and instructional implications.
Learning models can be classified as behavioral or cognitive. Objectivism, also referred to as the

traditional model of learning, is the behavioral model of learning and represents a traditional view of
learning. The primary competing cognitive model is constructivism. The constructive model has a
number of derivations including collaborativism and cognitive information processing. The socio-
culturalismmodel shares some assumptions and goals with constructivism, but challenges some others.

2.1. Objectivist learning model

The objectivist model of learning is based on Skinner’s stimulus-response theory: learning is a
change in the behavioral disposition of an organism (Jonassen, 1993) that can be shaped by
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selective reinforcement. The tenet of the model is that there is an objective reality and that the
goal of learning is to understand this reality and modify behavior accordingly.
In terms of instruction, the objectivist model assumes that the goal of teaching is to efficiently

transmit knowledge from the expert to the learner. Instructions structure reality into abstract or
generalized representations that can be transferred and then recalled by students (Yarusso, 1992).

2.2. Constructivist learning model

Constructivism denies the existence of an external reality independent of each individual’s
mind. Rather than transmitted, knowledge is created, or constructed, by each learner. The mind
is not a tool for reproducing the external reality, but rather the mind produces its own, unique
conception of events (Jonassen, 1993).
Constructivist model calls for learner-centered instruction: individuals are assumed to learn

better when they are forced to discover things themselves rather than when they are instructed.
The learner must have experience with hypothesizing and predicting, manipulating objects, pos-
ing questions, researching answer, imaging, investigating, in order for knowledge construction to
occur (O’Loughlin,1992).

2.3. Cooperative learning model

Whereas in constructivism learning is assumed to occur as an individual interacts with objects,
in collaborativism, learning emerges through interaction of individuals with other individuals
(Slavin, 1990). Learning occurs as individuals exercise, verify, solidify, and improve their mental
models through discussion and information sharing. Whereas instructor-led communication is
inherently linear, collaborative groups allo more branching and concentricity (Flynn, 1992).
In addition to sharing the pedagogical assumptions of constructivism, collaboratists also

assume that knowledge is created as it is shared, and the more it is shared, the more is learned.
The second pedagogical assumption is that learners have prior knowledge they can contribute to
the discussion. The third assumption is that participation is critical to learning. The fourth
assumption is that learners will participate if given optimal conditions such as small groups to
work interactively.

2.4. Cognitive information processing model

The cognitive information processing model argues that learning involves processing instruc-
tional input to develop, test, and refine mental models in long-term memory until they are effec-
tive and reliable enough in problem-solving situations (Schuell, 1986). The frequency and
intensity with which a student cognitively processes instructional input controls the pace of
learning. Instructional inputs that are unnoticed, or unprocessed, by learners cannot have any
impact on mental models (Brunning, 1983)
The cognitive information processing model assumes that learners differ in terms of their pre-

ferred learning style. Instructional methods that match an individual’s learning style will be the
most effective (Bovy, 1981). The second assumption is that individual’s prior knowledge is
represented by a mental model in memory and that the mental model is an important determinant
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of how effectively the learner will process new information. The third assumption is that given a
learner’s limited information processing capacity, attention is selective (Bovy, 1981). Selective
attention is an interrelated function of the display, the cognitive structure of the learner, the prior
experience of the learner. Preinstructional methods such as topic outlines and learning goals
might improve learning because they direct attention (Brunning, 1983). Biggs (1993) has shown
that students who consider learning as better understanding reality are more likely to adopt a
deeper approach.

2.5. Sociocultural learning model

Whereas collaborativism and the cognitive information processing model are extension of
constructivism, the sociocultural model is both an extension of and a reaction against some
assumptions of constructivism. In fact, the sociocultural model embrace the concept that there is
no one external reality, they argue that constructivism and collaborativism force the minority
cultural into adopting the understanding derived by the majority.
The major assumption of socioculturalism is that middle-class Anglo male America has pre-

vented a genuinely emanicipatory environment in which students begin to construct meaning on
their own terms and in their own interests (O’Loughlin, 1992). One major implication of the
sociocultural model is that students should participate on their own terms. Instruction should not
deliver a single interpretation of reality nor a culturally biased interpretation of reality.

2.6. Computational model

The computational model states that beliefs, desires, and other intentions are stored in our
minds as information, as bits and bytes of data (Pinker, 1997). Information and computation
reside in patterns of data and in relationships of logic that are independent of the physical med-
ium that carries them. Not only knowledge, but also beliefs and skills are bits of information that
become meaningful when they are organized, collated, and chucked into symbols, patterns, and
relationships.
The fundamental assumption of the computational model is that learning is an interplay, a

dialogue among facts, concepts, and principles, among bits and bytes and patterns. Learning is
the process of finding receptor nodes for bits of new information and then exercising the thinking
that can arrange and structure that information. One way to support this learning process is to
provide a variety of steps on the Internet.

3. Web-based teaching and instructional programs

Web-based teaching has caught the attention of instructional designers, particularly because of
the flexibility it offers learns. Learners can usually follow links through the materials which have
been suggested by the instructors in accordance with their own perceived needs and desires. This
flexibility allows learners to play an active role in their own learning. Good educational software
is active, not passive; learners have to be doing something, not watching something (Schank,
1993). The wealth of the web provides an experiential space for learners to follow their own
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thoughts and insights. The web also provides access to experts and cases that can provide virtual
hands-on experiences (Boettcher, 2000).
The Internet offers education a window of opportunity to augment the traditional methods,

materials and strategies of learning and teaching. A recent survey result revealed that students are
enthusiastic about using the Internet to help them in the classroom; they recognize its importance
and usefulness as an educational tool, and are willing to face the challenges of cyberspace (Hsieh
& Lin, 1998).
Early computer-based programmed instruction method tended to be based on behavioral rather

than cognitive theories (Hannafin& Rieber, 1989). Computer-based instruction typically included
such behaviorist techniques as small lesson units, controlled sequencing, immediate feedback and
prompting. A powerful feature of browser/server activity on the Internet is the ability to monitor
student’s online course activity (Svanum, Chen, & Bublitz, 1997). This feature can provide the
basis for assessing cyberstudent involvement in the virtual classroom.
On the other hand, cognitive researchers view each individual student as paramount in med-

iating learning. Instructional sequence decisions and options are intended to adapt the sequences
to individual student differences. The student becomes the focus of the learner-instruction trans-
action rather than the instructional materials per se.
Various motivational theories also emphasize the importance of learner control. Control gives

individuals the possibility to make choices and to affect outcomes, resulting in the student feeling
more competent and the activity having greater personal meaning and intrinsic interest (Lepper,
1985). Merrill (1975) asserted that students need to be given control of learning since they can
then learn better how to learn. In other words, students make the instructional decisions and in so
doing discover the best tactics for different situations. Serendipitous learning can occur, enabling
students to pursue new ideas and make new connections between pieces of information (Sta-
ninger, 1994). Jonassen (1988) relates hypertext structures to such cognitive conceptions of
learning.
Leidner and Jarvenpaa (1995) identified two major learning models available. The first is the

objectivist learning model, which promotes instructor-centered instruction. The second, the con-
structivist learning model, suggests a learner-centered approach.
Originally, web-based teaching simply duplicated the objectivist techniques found in the tradi-

tional classroom, resulting in disappointing talking-head programs. In these objectivist programs,
the emphasis centered on the instructor, and the learners became isolated, passive observers.
Fraser (1996) complained that early online teaching used the technology simply to automate the
instructional process, creating bulleted text screens supplemented by a few gratuitous images and
fancy, pointless screen transitions. As a result, such programs detracted learners and lowered
cognitive achievement.
The constructivist learning model calls for a learner-centered approach. The model assumes

learners learn better if they discover things for themselves, rather than being told by an instructor
or machine. Early studies indicated that these constructivist learning models improved the effi-
ciency and effectiveness of distance education significantly (Payne & Stoddard, 1994). Learners
take more responsibility for their own learning and communicate with their peers to find infor-
mation beyond textbooks and chalkboards (Barler & Dickson, 1996).
These conflicting instructional strategies may confuse learners’ instructors to develop web-

based courses. Leidner and Jarvenpaa (1995) suggest that no particular model is the best
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approach. Instead, they suggest that mixing learning approaches will be appropriate depending
upon the course, content, educational goals, and learners’ experience. Maturity, and intelligence.
An example of this mix is the web-based learning site developed by FisherChemical using Vue-
point’s Learning Performance System (LPS) software (www.vuepoint.com). After learners log on
the site, they can choose between My Way, Learn, Research, or Communicate.

4. Program control and learner control

In the broadest sense, learner control is the degree to which a learner can direct his/her own
learning experience (Shyu & Brown, 1992). More specifically, learner control can be defined as the
degree to which individuals control the path, pace, and/or contingencies of instruction (Hannafin,
1984). The meaning of learner control, however, has evolved over time to include the character-
istics of new learning paradigms as well as new technologies such as a web-model.
Traditional instructional materials, such as textbooks, typically expect the student to follow a

linear sequences to other sections that are subject-related to the section currently under study.
Web-based instruction systems permit more flexibility in lesson study. The student can follow a
more individualized route by exploiting such features as feedback on exercise performance, the
capability to repeat or skip sections, and the possibility to follow subject-related themes regard-
less of the order in which information has been physically arranged.
In most web learning applications, learners will be able to perform a range of actions to access

the information available, ranging from a simple linear sequence to a complex network of
hypertext or hypermedia links. One of the main things to avoid with hyperlink options is the
possibility of losing the learner’s sense of direction. The extent to which the learner can move via
links to access information will depend on the instructional strategies and designs built into the
learning application.
Web-based instruction systems offer non-sequential control along a continuum. At one end of

the continuum is program control, where students perform according to externally specified cri-
teria and follow prescribed lesson sequences. At the other end of the continuum is learner control,
the term used to describe a design feature that allows individual learners to make various
instructional decisions about lesson activities and procedures while interacting with the lesson
and based on individually perceived needs (Hannafin & Colamaio, 1987). Learner control is
intuitively appearing because it is assumed that students will be more motivated if allowed to
control their own learning (Steinberg, 1989).
In the web-based teaching environment, with emphasis on node linkages, learner control is a

central feature. For example, hypertext authoring software, designed primarily for information
retrieval, offers high levels of learner control. The effectiveness of learner versus program control
is therefore significant for any assessment of web-based teaching. Park (1991) argued that the use
of hypertext for instruction is intimately related to the issue of learner control.
Web-based teaching can empower individual learners by handing them control over the learn-

ing experience. It is no longer necessary to establish a fixed learning sequence for everyone; indi-
vidual learners can make their own decisions to meet their own needs at their own pace and in
accordance with their existing knowledge and learning goals. These are advantages to be valued
in an educational environment.
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Web-based learning provide additional materials for the learners which may be accessed as
required. This may be more related to support systems, navigation, problem solving and inter-
action rather than learner control specifically. The range of support can be embedded in such a
way that it supports both the novice and experienced learners. This option for learner control is
also linked to advisement, whereby the learner receives feedback as to performance and appro-
priate paths to follow (Clariana, 1993) as well as choosing a particular degree of difficulty and
choosing the amount of problems practicing required.
It might be expected to alleviate boredom, frustration and anxiety because students can skip

materials they already know or do not wish to learn, and concentrate on the material they deem
relevant. Learner control might be expected to hold attention longer, involve students more deeply
and even give them a greater insight into the material. Schank (1993) argues that no computer
should be allowed to be in control of the educational process; i.e. students should have the power
to decide what is coming next. In other words, the learner must determine what paths to follow,
when to backtrack or jump ahead, when to follow an interesting side trail and when to avoid the
distractions of tangential dead-ends. As a result, the cognitive demands upon the learner are increased.
This can interfere with memory of previously learned information through a process termed retro-
spective interference (Freitag & Sullivan, 1995). Lin (1989) suggested that some advanced information
technology could offer a greater advantage to those sensing learners, while some advanced
information technology could permit those intuition learners to discover underlying principles.
Hannafin (1984) concluded from a review of the relevant research that learner control com-

pared with program control is likely to be most successful when the following conditions are met:

1. the learners are older;
2. the learners are more able;
3. the educational objective is to impart a higher order of skills rather than factual information;
4. the content is familiar;
5. advice is provided to assist learners in making decisions.

5. Conclusion and future research challenges

The research evidence gleaned from studies of web-based teaching, whether employing hyper-
text or some other organizational structure, suggests that learner control must be approached
more cautiously. While some students may gain educational benefit from this freedom, others
may suffer as a consequence of being handed such control over their learning. The initial phase of
learner control in web-based learning needs to be analyzed and evaluated with great care. In fact,
what is most needed is a way of thinking about the web that incorporates its specific properties
into a new model of learning.
The research results used to attempt to measure the effectiveness of one or another information

technology must be treated with a certain degree of caution (Clark, 1983). Problems can arise
from interference by non-controlled variables, experimental constraints that may not apply in the
classroom, small sample sizes, and so on. Nevertheless, the large measure of research consensus
on learner control does suggest that designers should exercise caution in handling over too much
control to the learner.
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The web-based learning environment places more responsibility on the learner than ever before.
The principles of self-instruction and empowerment require the learner to develop self under-
standing that will allow for the most effective use of the resources, rather than junking out on the
Net—more than just surfing but building the waves.
Because research on web-based teaching is relatively new, numerous challenges remain in the

are of improvements to business education, many of which require effort from IT researchers
interested in educational environments. Several areas in need of research present themselves and
are briefly discussed below.

5.1. Research is needed on interaction between learning styles and course content

It seems quite possible that the interaction between learning styles and course content founded
in the conventional classroom setting (Ehrman, 1990) may differ in the virtual classroom envir-
onment. It also seems quite possible that the interaction between learning styles and course con-
tent founded in the program control setting may differ in the learner control environment. As
many instructors move beyond the recognition that they have instructional options, they recog-
nize that they have a pedagogical responsibility (Gilbert, 2000) to understand what direction
might be possible and to make choices that will enable their students to learn more effectively.

5.2. Research is needed on the roles of instructors and learners in virtual classroom

McQuillan’s (1994) extensive ethnographic study clearly supports the notion that most benefits
of introducing technology are related to the changes in teachers’ conceptions and the con-
sequential changes to instructional strategy rather than the introduced technology itself. In the
virtual learning environment, the instructor is likely to provide visions for directions, orients the
chaotic situation that results from multiple individuals simultaneously creating and sharing
knowledge, and sets the deadline by which the visions will be realized (Leidner & Jarvenpaa,
1995). Teaching in a web-based environment requires preparation of materials in advance,
detailed attention to learners’ questions, facilitating peer-to-peer interaction and continuous
guiding of learners.
The way learners acquire knowledge in a web-based setting has not been extensively studied.

Most current use of web-based teaching transfers traditional classroom/lecture-based methods to
the online setting, recasting reading into web-based materials, lectures into online lecture notes or
video clips and discussion into online conferencing (Bourne McMaster, Rieger, & Campbell,
1997). While these approaches are effective in permitting time and place shifting of learning, there
has been little investigation of the are of the possible in the web-based teaching settings—what
are the ways to optimize learning? Moreover, learners are likely to resist the new learning models
as much as the instructors. In the virtual learning settings, learners are as much responsible for
the quality and amount of learning as the instructor.
In a recent study of web-based teaching, Oliver and Omari (1999) reported that the students

frequently indicated that they valued the input of the teacher and saw this component as a valu-
able part of teaching and learning. They suggest the need to remember the important role of the
teacher in any learning process and the need to ensure students have adequate access to, and lines
of, communication with their teachers.
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5.3. Research is needed on the role of learning communities

One area of future research that should prove especially interesting is the role of learning
communities in web-based teaching. In a recent empirical study of web-based classes, the quiz,
homework, and midterm exam scores suggested that cyberstudents benefit from the study groups
that are encouraged by means of student-moderated chatrooms and electronic fora (i.e. bulletin
boards; Wang & Newlin, 2000). There may however, be additional benefits beyond the mastery of
skills and concepts required in class. For example, recent research suggests that extended invol-
vement on the Internet is associated with declines in social and family activities and increases in
depression and loneliness (Kraut et al., 1998). Moreover, distance learners who are not well
integrated socially within the academic environment tend to have lower grades and higher drop-
out rates compared with students who are socially integrated (Kember et al., 1992). We recom-
mend that web-instructors should counter these tendencies by designing and encouraging
opportunities for their students to form learning communities in cyberspace. The benefit of this
form of social support would not only serve to improve class performance; it would also heighten
students’ interest and involvement in the activities of the virtual classroom.
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