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In competency-based learning environments, schemata play an important role in
solving complex and authentic problems. Adequate task-valid cueing is considered
to facilitate both recall and interpretation of available schemata (task performance)
and the construction of new schemata (learning). This article provides guidelines for
cueing which aim at the improvement of (1) task performance in complex learning
environments, (2) schema construction, and (3) monitoring. A model presents the
relationships between cueing on the one hand and schema interpretation, schema
construction, and monitoring on the other hand. The guidelines are used to evaluate
worked-out examples and process wor ksheets, two formats of task-valid cueing that
appear useful in competency-based learning environments. Worked-out examples
support the inductive processing of concrete descriptions to construct schemata,
while process worksheets support the deduction of concrete problem solving steps
from general prescriptions. Illustrations are provided from the domain of law.
[J 2001 Elsevier Science (USA)
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Graduates from higher education should be able to apply acquired knowl-
edge and skills in their professional domain. They should demonstrate suffi-
cient problem-solving ability to handle complex tasksin avariety of authen-
tic situations (Brown, Collins, & Duguid, 1989; Jonassen, 1991). The
ultimate goal of higher education is the achievement of competence, and the
associated form of learning is called competency-based learning. We define
competence as the whole of knowledge and skills which people have at their
disposal and which they can efficiently and effectively use to reach certain
goasin professiona situations (Kirschner, Van Vilsteren, Hummel, & Wig-
man, 1997).

Solving complex problem tasks may be seen as a form of competency-
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based |learning, where avail able schemata have to be recalled and interpreted
and more efficient schemata have to be constructed. Schemata are cognitive
structures that relate task characteristics to each other and to approaches to
solve problems (Gagne, Yekovich, & Yekovich, 1993). Adequate cueing
provides learners with information about the task, which facilitates both in-
terpretation and construction of schemata.

Instructional guidelines on adequate cueing appear to be scarce. Effects
of cueing have primarily been studied in contrived experimental learning
situationsin the form of outcome feedback, provided after alearner responds
to relatively simple and self-contained tasks (e.g., Mory, 1996). Results from
these studies cannot be used for competency-based learning environments
that are based on more complex and interrelated tasks with diverging solu-
tions. We should therefore reexamine cueing within a paradigm where learn-
ers must actively interpret and construct schemata while solving these com-
plex and authentic tasks. In other words, it should provide support for
learners to create meaning and internal reality of their own and not simply
for accepting someone else’'s single reality.

Cueing supports both performance and learning when it takes the form of
task-valid cognitive feedback (e.g., Balzer, Doherty, & O’Connor, 1989),
i.e.,, containing information about task characteristics and the state of task
execution. Recent research (e.g., Narciss, 1999; Whitehall & McDonald,
1993) shows a positive effect of task-valid cueing on the interpretation of
available schemata; alarger amount of task-valid information in cueing leads
to better performance on the complex task. Balzer, Doherty, and O’ Connor
(1989) show that task-valid cueing improves learning to continuously moni-
tor the adequacy of available schemata and the necessity to construct more
efficient schemata. We provide guidelines to determine what constitutes ade-
guate cueing and describe how cueing relates to schema interpretation,
schema construction, and monitoring in a model. To achieve this, the struc-
ture of the article is as follows.

Tasks and Cueing in Complex Learning Environments describes the kind
of tasks and possible formats of cueing in Competency-Based Multimedia
Practicals (CMP). As an example of such an environment we use the CMP
“‘Preparing aPlea’ (from the domain of law), where students are taught to
prepare the pleading of a case in court. Four formats of cueing are distin-
guished, depending on the orientation (either process- or product-oriented)
and the information (either abstract or concrete) they contain: worked-out
examples, modeling examples, templates, and process worksheets.

Cueing and Schema Interpretation describes how cueing facilitates the
interpretation of available schemata in complex task performance when it
(a) reflects the complexity of the task, (b) serves as an embedded support
device, and (c) makes learners persevere in attaining the goal competency.

Sometimes available schemata appear insufficient to solve a problem and
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new, more efficient schemata need to be constructed. Cueing and Schema
Construction describes how cueing facilitates schema construction when it
(a) reflects the relations between task characteristics, (b) saliently presents
these task characteristics, (c) facilitates cognitive transfer, (d) optimizes
available working memory, and (€) is presented just-in-time. We argue why
a combination of process worksheets (process/abstract) and worked-out ex-
amples (product/concrete) appears most suitable to facilitate schema con-
struction.

A learner continuously monitors whether cues can be understood by inter-
preting available schemata or new schemata need to be constructed. Cueing
and Monitoring describes how cueing facilitates monitoring when it (a) stim-
ulates evaluative questioning during problem solving, (b) provides informa-
tion about the progress, and (c) provides information about intermediate
results. The relations between cueing, schemata, monitoring, and learning
outcomes are brought together in a model for schema construction.

Finally, the discussion contains a preliminary assessment of the suitability
of process worksheets and worked-out examples for competency-based
learning. Indicative findings with ‘‘Preparing a Plea’’” are related to future
research on timing and orientation of cueing in CMP. Table 1 shows the list
of guidelines, each of which is explained in the upcoming sections.

TASKS AND CUEING IN COMPLEX LEARNING ENVIRONMENTS

Complex and authentic tasks can be performed in CMP. They provide
realistic situations in which meaningful learning through contextualized
practice takes place (e.g., Brown, Collins, & Duguid, 1989). According to
the four-component instructional design model for training complex skills
(4C/1D model; Van Merriénboer, 1997), in complex learning both recurrent
(procedural) constituent skills and nonrecurrent constituent skills, for which
the desired behavior is highly contextually dependent, have to be acquired
and combined. Mastering nonrecurrent constituent skills especially requires
schema construction, since the application varies from problem situation to
problem situation. Mastering recurrent constituent skills especially requires
schema automation, since the application is the same for different problem
situations. Attaining an integrated set of these constituent skills is referred
to asthe ‘‘goal competency,’’ for which transfer should occur from problem
situation to problem situation.

Kind of Tasks in CMP

Tasks within CMP typically have a well-defined begin state, many possi-
ble pathways, and not a well-defined end state, but well-defined constraints.
Such tasks can be extremely large, but usually have a study load of about
30-50 h. Thetask itself can be practiced as awhole, provided that the neces-
sary support is given to the learners. Examplary tasks are Identifying envi-
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TABLE 1
Relations between a Number of Conditions in Complex and Authentic Problem-Solving
Tasks and Guidelines for Effective Cueing

(if . . .) Conditions in complex tasks

(. . . then) Guidelines for adequate cueing

Complex learning
1. The task is complex

2. Thereis aneed for performance sup-

port in the complex learning envi-
ronment

3. Learner’sinclination to comply with
the task assignment needs to be

Cueing should reflect task complexity

Cueing should serve as an embedded
support device in the learning
environment

Cueing should (a) not be disparate from
the targeted competence and (b) induce

increased
Schema construction
4. Complex relations exist between
tasks and subtasks
5. Relations between task characteristics
can be made clear

perseverence in attaining this

Cueing should reflect the relations
between and within tasks

Cueing should be task ordered and
saliently describe relevant task charac-
teristics

Cueing should both support practice and
facilitate cognitive transfer

6. Task characteristics can be related to
approaches that are applicable to a
variety of tasks

7. Menta effort needs to remain within
threshold working load capacity

Cueing should redirect attention from
extraneous to germane processes in
optimizing available working memory

Cueing should be presented just-in-time,
depending on the task characteristics

8. Task characteristics determine when
schemata need to be constructed or
used

Monitoring

9. Self-oriented and goal-oriented com-
plex learning needs evaluative ques-
tioning

10. Information on how to proceed in
task execution is needed

Cueing should induce or provide evalua-
tive questioning of the learning process

Cueing should provide elaborated (task-
valid) information on how to proceed
(e.g., about completeness/correctness)

Cueing should contain task-valid informa-
tion about attaining (intermediate)
stages in the task execution

11. Progress in the execution of complex
tasks needs assessment

ronmentally protected areas (soil science) (lvens et al., 1998), Modeling
stress factors that cause mental overload in workers (Iabor psychology) (Ger-
richhauzen et al., 1998), and Selecting a suitable employee (personal assess-
ment) (VanderMeeren et al., 1997).

We draw examples from the CMP ‘‘Preparing a Plea’’, which teaches
students to prepare apleain court (Woretshofer et al., 2000). The systematic
approach to the problem (SAP) of ‘‘pleading a case X in court’’ consists of
nine steps (or subtasks), in which constituent skills are practiced and com-
bined: (1) ordering the file of case X, (2) getting acquainted with the file,
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FIG. 1. ‘“‘Preparing a Plea’’: An example of a CMP in the domain of law. The learner
is given the role of trainee or junior lawyer in a (virtual) legal firm. He or she must prepare
a plea for various cases. A (virtual) mentor introduces the way a plea should be prepared
and comments on various activities of the learner during preparation. Clockwise you find the
following virtual environments: The trainee’s office (where he/she can look into the file cabi-
net, the mailbox, or e-mail reports on tasks to the mentor), the mentor’s office (where the
trainee may go to ask questions), an overview of externa experts and colleagues within the
law firm that learner can consult, and a videoplayer on which the trainee can observe—both
good and bad—examples of pleas by others with the help of a ‘‘plea-checker.”

(3) studying the file, (4) analyzing the plea situation, (5) determining the
strategy for plea nota and plea making, (6) writing apleading note, (7) trans-
forming the plea nota into a plea, (8) practicing the plea, and (9) actually
carrying out the plea. The first seven subtasks are practiced and controlled
individually by means of the CMP; the last two are practiced and controlled
by means of role play. Figure 1 presents some of the screens a learner may
encounter in ‘‘Preparing a Plea.”’

Formats of Cueing in CMP

The term “‘cueing’’ was introduced in Brunswik’s (1956) lens model. In
that model, both characteristics of tasks and learners' progress on tasks are
described in terms of a set of features or a profile of cues, used to predict
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final performance. According to Wood (1986) the execution of complex tasks
involves a multiplicity of cues, a high degree of coordination among cues,
and changing relations between cues. Cues provide information about the
attributes of multiattribute objects of judgments in complex tasks. Schemata
can represent the relations within and between these multiattribute objects.

More specifically, task-valid cueing contains information about task char-
acteristics and their relations. On the one hand, it can be either process ori-
ented (e.g., a heuristic or a SAP) or product oriented (e.g., a semantical net-
work or a contents table). On the other hand, it can give either abstract or
concrete information about the task. These aspects can be operationalized
by four different formats of cueing (see upper box in Fig. 2): (1) concrete,
product oriented cues, like worked-out examples (in *‘ Preparing aPlea’’ this
could be a completely worked out pleading note); (2) concrete, process ori-
ented cues, like modeling examples (in *‘Preparing a Plea’ this could be a
demonstration of how to write apleading note); (3) abstract, product oriented
cues, liketemplates (in*‘ PrepearingaPlea’’ this could be a standard contents
table of apleading note); and (4) abstract, process oriented cues, like process
worksheets (in ‘‘Preparing a Plea’” this could be a list of questions to be
answered to write a pleading note).

Templates and process worksheets are more abstract formats of cueing
that are generally applicable in avariety of tasks. Templates reflect the com-
monalities in a set of worked-out examples (e.g., each pleading note should
consist of an introduction, abody of content, and afinal conclusion). Process
worksheets reflect the commonalities in a set of modeling examples (e.g.,
leading questions that must be answered in order to draw up each pleading
note). Worked-out examples and modeling examples are more concrete for-
mats of cueing, offering a lot of context of the specific task at hand, but
making it more difficult to discover standard structures or approaches that
can be more generally applied.

Process worksheets (abstract, process oriented) and worked-out examples
(concrete, product oriented) are expected to differ in their effects on schema
construction and learning outcomes, are both found in CMP, and can be
considered useful from the perspective of the 4C/ID model (Van Merrién-
boer, 1997) and in relation to Cognitive Load Theory (Sweller, 1988). In
addition to this, ‘‘traditional’’ education has concentrated on the second,
while*‘new’’ education now focuses on thefirst. We now present an example
of both formats.

Inthe CMP ‘‘Preparing a Plea’ many task characteristics have to be con-
sidered in each step of the SAP, some of which are interrelated. For each
step learners are offered a process worksheet (PW) with leading questions.
For instance, when analyzing a pleading situation (step 4) in order to draw
up a plea inventory, some of these questions are as follows:
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FIG. 2. Model for schema construction.

4a. What are the most important arguments of the opposing party?
4b. Could you refute these arguments? If so, how?

Which articles of the law are of importance for this case?
Which criteria should be fulfilled?
What are the judicial consequences if these criteria are/are not fulfilled?
Which judicial conseguence suits your client the most/the least?

5.

6.
7.
8
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At the end of each step learners can compare their reports with worked-
out examples (WOE) of the mentor to find out how an expert would deal
with the questions in the PW. For instance, (a part of ) the plea inventory
(step 4) might look like this (article numbers referring to Dutch law):

5. Which articles of the law are of importance for this case?
Art. 6:265 BW: in case of dissolution of agreements
Art. 6:271 BW: relating to overrulings (of disqualifications)
Art. 6:98 BW: relating to the amount of the compensation
Art. 6:74 BW: relating to the compensation
Art. 6:75 and 6:78 BW: relating to circumstantial evidence and accountability
6. Which criteria should be fulfilled?
Relating to shortcomings in the compliance:
1. the demand is claimable (6:38-6:40 BW)
2. compliance stays out or is carried out in a inferior way. To establish this
the content of the obligation concerned needs to be examined accurately
(art. 3:33, 3:35, 6:2, 6:248 BW)
3. no compliance is not justified by an appea on the authority to suspend
Relating to dissolution (6:265 BW):
1. there has to be a mutual agreement
2. there has to be a shortcoming in the compliance

CUEING AND SCHEMA INTERPRETATION

Problem solving in a complex domain has been characterized as first re-
calling appropriate schemata available in long-term memory and then inter-
preting these schemata within the specific parameters of the problem at hand
(Chi, Feltovich, & Glaser, 1981). Recalled schemata determine how the
problem is solved because they determine what conceptual knowledge is
used to elaborate the problem statement and what approaches are used to
solve the problem (Gagné, Y ekovich, & Yekovich, 1993). Schemata have a
dual function in complex learning: (&) They support the storing/retrieval of
information in/from long-term memory and (b) reduce the burden on work-
ing memory (by alowing multiple elements of information to be treated as
asingle element or chunk). Adequate cueing provides learners with opportu-
nities to examine the adequacy of schemata based on information about the
task characteristics and the state of task execution. We now give guidelines
for cueing that facilitate the recall and interpretation of schemata held in
long-term memory by (&) reflecting the complexity of the task, (b) serving
as an embedded support device, and (c) increasing the inclination to comply
with task assignments.

Cueing Should Reflect Task Complexity (1)

What makes a learning task a complex one? This article focuses on the
component complexity of the task, operationalized by the number and form
of information cues and judgments within the steps a learner takes during
task performing (Wood, 1986). Learners should realize that authentic learn-
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ing tasks require more judgments based on multiple cues. For instance, an
experienced lawyer drawing up a draft version of a pleato be held in court
weighs a variety of both communicative and legal criteria which are often
contradictory.

Cueing Should Serve as an Embedded Support Device (2)

Novice learners are unfamiliar with the complex problems presented in
CMP and do not yet know how to approach them. The problem tasks repre-
senting the goal competency can be practiced as a whole, provided that nec-
essary support is embedded in the learning environment. This article focuses
on adequate task-valid cueing within the specific (nine) steps or subtasks
identified in the SAP described above. Cueing should serve as an embedded
support device (Martens, 1998) in the learning environment and give direc-
tion to the problem-solving process. Here, the term *‘performance con-
straint’’ is probably more appropriate than the term ** performance support.’”’
We could compare this kind of support with training wheels on children’s
bikes, which prevent them from faling over (Carroll & Carithers, 1984).
Cueing should be an important training wheel in CMP, while others are task
decomposition and sequencing. [Nadolski, Kirschner, van Merriénboer, and
Hummel (in press) present an ID model that offers guidelines for optimizing
the size and sequence of steps in CMP.]

Cueing Should Increase the Inclination to Comply with the Task
Assignment (3)

In complex learning environments it is important that task-valid informa-
tion is processed successfully and that learners are motivated to persevere
in attaining the ** goal competency.”’ Cueing should be used to support learn-
ersin successfully processing the information and attaining that competence,
if we consider cuesto be mathemagenic agentsthat can give birth to learning
and positively influence what and how something is learned.

According to Rothkopf (1996), ‘‘instructional events’ induce a targeted
competence in at least some learnersin at least some situations at |east some
of the time, and three variables determine the inclination to successfully pro-
cess an instructional event once it has been encountered, namely (a) disparity
between the representation of instructional information and the representa-
tion of the targeted competence, (b) persistence of elicited mathemagenic
activity, and (c) instruction-relevant experience (and knowledge) of the
learner. We recommend cueing to increase the likelihood of competent exe-
cutions of tasks by providing information about those tasks that resembles
the targeted learning processes and outcomes as closely as possible and di-
rects and motivates learners to act as they are supposed to. Cueing should
(a) not be disparate from the targeted competence and (b) provide learners
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with experiences (information, events, and happenings) to persevere in at-
taining that competence.

CUEING AND SCHEMA CONSTRUCTION

Restraining to familiar schemata can inhibit learning and result in surface
processing of information instead of deep, meaningful processing. Unfamil-
iar problemsrequire learners to construct new, more efficient schemata. Chi,
Feltovich, and Glaser (1981) found that the ability to solve problems is not
a sufficient condition for the construction of more efficient schemata. Sub-
jects who solved problems with relative ease were unable to abstract from
their solutions the (more general) principles and approaches used in solving
these problems. Cueing should focus learners’ efforts on these principles
(e.g., leading questions in PW), provide additional information about the
solutions (e.g., explicating relations in WOE), help abstract more general
problem-solving approaches, and construct more efficient schemata. In this
section we give guidelines for cueing that facilitate the construction of
more efficient schemata by (a) reflecting relations between and within tasks,
(b) saliently presenting task characteristics, (c) facilitating cognitive transfer,
(d) optimizing available working memory, and (e) facilitating just-in-time
presentation.

Cueing Should Reflect the Relations between and within Tasks (4)

The tasks in CMP are solved by following SAPs that are valid for more
problem situations within the same domain and beyond (Van Merrienboer,
1997). SAPs indicate the relations between subtasks, and sub-SAPs indicate
the relations within subtasks (between sub-subtasks). The sub-SAPsin *‘ Pre-
paring aPlea’’ are manifested in a PW for each step, providing information
about the principles, concepts, and rules of that specific step. The relations
between task characteristics and more general principles are referred to as
problem’s ‘‘deep structure’’ (e.g., Dufresne, Gerace, Thibodeau-Hardiman,
& Mestre, 1992). These deep structure features embody the relations that
exist within the subtask and between the sub-subtasks. For instance, in fol-
lowing the PW for drawing up a plea inventory you have to answer some
guestions before being able to move on to the next.

Cueing Should Saliently Present Relevant Task Characteristics (5)

For transfer to occur the essentia principles of problem’s deep structure
should be presented to the learner very clearly. Learners should not be left
guessing too long which task characteristics should be chosen as the most
relevant or critical ones, especialy in complex tasks where there is a large
amount of both relevant and irrelevant or even misguiding characteristics
involved. According to Phye (1990) this saliency requirement is more likely
to be met when (sub-)tasks are ordered by type and accompanied by cueing
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that describesthe critical features of these (sub-)tasks. For instance, in *‘ Pre-
paring a Plea’ cueing is task ordered around steps in the preparation of a
plea and directed at the intended outcomes of these steps (e.g., a pleainven-
tory after step 4).

Studies of problem categorization (Dufresne et al., 1992) indicate that ex-
perts view two problems as similar when the same deep structure features
could be applied to solve both problems, whereas novices view two problems
as similar when the problems share surface structure features, such as termi-
nology or objects. They argue that this deep structure should be made salient.

Cueing Should Facilitate Cognitive Transfer (6)

Mastering complex skills requires highly variable performance over situa-
tions, far transfer skills for which the desired exit behavior depends on the
problem situation. Therefore, cueing should reveal problem’s deep structure
for a variety of problems. Cueing should highlight the importance of the
initial classification of problems by asking the user to identify the applicable
principles and asking to focus attention on concepts and procedures by which
principles are instantiated (Chi et al., 1981). We advocate that cueing should
be both specific enough to represent all relevant aspects of the (training) task
during practice and at the same time be applicable to a variety of (criterion)
tasks within or even beyond the training context.

Cueing Should Optimize Use of Working Memory (7)

Task-valid cueing should be used for (&) optimizing working memory and
(b) improving learning efficiency. Since complex tasks make severe demands
on the cognitive capacity of the learners (problems are ill-defined, multi-
attributed, and have contradicting and misguiding cues and diverging solu-
tions, and so on) instruction should be optimized in such away that working
memory is capable of processing information and propagating schema con-
struction at the same time. A brief description of Cognitive Load Theory
will explain this.

Working memory load may be affected by (@) the intrinsic nature of the
material (causing intrinsic cognitive load on the learner), (b) the manner in
which the material is presented and learning activities are guided, and (c) the
effort invested by the learner (Sweller, Van Merriénboer, & Paas, 1998).
Extraneous cognitive load is the additional effort required to process poorly
designed instruction. Germane cognitive load reflects learners’ effortsin ac-
tual learning that, in particular, contribute to the construction and mindful
abstraction of schemata. Instruction should decrease extraneous cognitive
load (e.g., by providing cueing that focuses attention) in order to make it
possible for germane cognitive load to increase (e.g., by providing cueing
that offers anchorpoints for the learning task), but only if the total cognitive
load stays within limits (threshold working memory load). Redirecting atten-
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tion from extraneous to germane processes improves the balance between
learning efficiency (i.e., cognitive load and schema construction during train-
ing) and improved transfer test performance. Several studies have identified
guidelines for reducing extraneous cognitive load, but few have focused on
inducing germane cognitive load (Sweller et al., 1998).

Cueing Should be Presented Just-in-Time (8)

Just-in-time (JIT) presentation of cueing can be effective for (a) optimiz-
ing working memory and (b) improving learning efficiency. Available results
on immediate and delayed cueing (e.g., Kulik & Kulik, 1988) need reexami-
nation for more complex and authentic problem-solving tasks. We expect
that the *‘ teachable moment’’ of such cueing may depend not so much on the
information, but on the task characteristics and the stage of task execution.

According to the 4C/ID model (Van Merrienboer, 1997), nonrecurrent
constituent skills require supportive knowledge (heuristics or models) that
is best presented before practicing sets of interrelated tasks. JT presentation
of supportive information induces schema-based behavior since the learner
connects new information to available cognitive schemata, making them
more efficient. Recurrent constituent skills require prerequisite knowledge
(facts, concepts, and principles) that is best activated during task practice.
JT presentation of prerequisite information during practice induces rule-
based behavior and schema automation. The final purpose of whole task
practicein CMPis schema construction and schema-based behavior, the abil-
ity to perform unfamiliar (far transfer) task aspects because of the availability
of cognitive schemata. The availability of generalized, more abstract cogni-
tive schemata is revealed by higher performance on task transfer to new
situations.

Comparing PW and WOE

At this point we argue why PW and WOE appear suitable for facilitating
schema construction. Both PW and WOE in CMP are ordered by subtask
and reflect the relations of important task characteristics (guideline 4). How-
ever, in PW critical features of subtasks are presented more saliently (guide-
line 5).

The demand for transfer (guideline 6) constitutes an optimization problem
between offering PW and WOE, depending on the characteristics of the
learner. Novice learners still need the support of more concrete, product-
oriented cueing, containing alot of surface features about the task (e.g., ob-
jects and terminology). WOE directly support training practice by providing
concrete information about the context and facilitate the construction of
“‘rich,”” descriptive schemata that lead to near transfer on tasksin a similar
context, like preparing a plea for another case in the same type of court
(and consequently provide less support for far transfer). More expert learners
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benefit more from more abstract, process-oriented cueing that embodies the
“*deep structure’’ of the subtask (Dufresne et al., 1992). PW provide an ap-
proach that is generalizable to a larger variety of tasks and facilitate the
construction of ‘*broad,” prescriptive schemata that lead to far transfer on
tasksin another context, like preparing apleain adifferent type of court (e.g.,
criminal vscivil) outside the training context (and consequently provide less
support for near transfer). In Fig. 2 the relations between cueing, schemata,
monitoring, and learning outcomes are shown in our model for schema con-
struction (the content of the monitoring box is explained in the upcoming
section).

Both PW and WOE could increase germane cognitive load and decrease
extraneous cognitive load at the same time (guideline 7), since they focus
learners’ attention on relevant questions and features in the solution and re-
strain them from searching through irrelevant information. However, the
suitable format of cueing depends on the task characteristics: Is the task
process or product oriented? Does the task require abstract or concrete infor-
mation?

Finaly, both PW and WOE can be provided just-in-time (guideline 8).
Timing of cueing depends on task characteristics and stage of execution of
the subtask. PW contain more supportive information that is best provided
before practice. WOE may contain more prerequisite information that is best
provided during practice or after practice (as important input for the next
subtask or step).

In the next section we consider the role of monitoring in complex learning.
Cueing should get monitored in relation to the problem-solving process, and
guidelines should also address this process of cognitive monitoring.

CUEING AND MONITORING

In review studies (Boekaerts & Simons, 1993; Pintrich, 1999) monitoring
is considered to be an important predictor of complex learning outcomes.
Cueing can facilitate monitoring, leading to more efficient learning and better
(deeper, more meaningful) learning outcomes. When describing formats of
cueing, each format was considered as a whole. In fact, this cueing always
consists of several cues (i.e., severa critical features in a WOE or several
leading questions in a PW). Each cue is a piece of new information that
should find its place in available cognitive schemata. Every cue gets moni-
tored in relation to the problem-solving process: Is thisinformation new and
usable for this problem? Where can this new information be attached? Should
available schemata be modified?

This section describes the internal feedback processes (see Fig. 2) within
the cognitive system that make up this continuous monitoring process. Cog-
nitive monitoring, for the most part, deals with constantly (for each cue)
evaluating and adjusting the adequacy of available schemata (assimilation)
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and integrating new elements into more adequate schemata (accommoda-
tion).

Guidelines for Cueing and Monitoring

Rumelhart and Norman (1978) distinguish three qualitatively different
modes of learning: accretion, tuning, and restructuring. In complex learning
the first step is the accretion (merely addition) of information in currently
available schemata (similar to Piaget's assimilation) to create a reasonable
database of knowledge, followed by the construction of new schemata (re-
structuring) to organize these data structures appropriately (similar to Pia-
get’'s accommodation). Then, continued learning consists of further tuning
of those schemata (and possibly restructuring of schemata, which in turn
have to be tuned). Whether schemata need to be restructured or merely tuned
depends on the discrepancy of the arriving cue and the available schemata.
If this information is only mildly discrepant, tuning of schemata may be
sufficient; if the information is more discrepant, restructuring of schemata
is required.

We now give guidelines for cueing that promotes these monitoring pro-
cesses by (@) stimulating evaluative questioning, (b) providing information
about the progress, and (c) providing information about the intermediate re-
sults.

Cueing Should Induce or Provide Evaluative Questioning (9)

Monitoring hasto do with constantly (for each incoming cue) asking about
the adequacy of available schemata, and cueing should promote this process
of continuous evaluative questioning. According to Ertmer and Newby
(1996) problem solvers, on the one hand, evaluate by asking themselves
outcome-oriented questions, like ** How reasonable and accurate is the prod-
uct that resulted from the learning task?’ and ‘‘ To what extent is the goal
achieved (already)?’ Product-oriented formats of cueing (like WOE) are
most adequate in supporting thistype of evaluative questioning. On the other
hand, they also ask themselves more process-oriented questions, like **How
effective has the overall process been (so far), aswell as its supporting steps
in achieving the goa (e.g., correctness of used schemata and efficiency of
used approaches)?’’, ‘‘Which obstacles were encountered?’, ‘‘How well
were they anticipated, avoided, or managed?’, ‘‘How effective and efficient
is the overall plan?'’, and ** Should it be modified to use with similar tasks
in the future?’ Process-oriented formats of cueing (like PW) are most ade-
guate in supporting this type of evaluative questioning.

Cueing Should Provide Information on How to Proceed (10)

If learners can link cueing with intermediate achievements, they will feel
supported in their monitoring. Cueing should enable learners to examine
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progress in their problem solving (e.g., Whitehall & McDonald, 1993). For
instance, a PW may concern relevant features of the task, but also consecu-
tive questions or steps within the task. Through the use of such PW the
learner acquires schemata that enable him or her to reflect on the quality of
the problem-solving process. PW provide best support for an evaluation of
the completeness of used schemata, since learners can check which criteria
or questions have been checked or answered during the learning process,
while the correctness of a solution can best be assessed with WOE.

Cueing Should Contain Information on Intermediate Stages (11)

Cueing should be related to the targeted performances and products. Cue-
ing should not only resembl e these outcomes (guideline 3) and provideinfor-
mation about the progress (guidelines 9 and 10), but preferably also contain
information about milestones during the task execution so that learners can
assess (intermediate) solutions at various stages of task execution.

For instance, while ordering documents in a law file (step 1), the correct
number of documents in submap ‘‘ documents in the case’’ is (just) one cue
that predicts the targeted performance, i.e., a correctly ordered law file. Val-
ues for this single cue might be ‘‘there aren’t any documents yet,”” **about
half of the documentsisstill missing,”” and **ordering is nearly done.”” Other
cues for performance on this task might be the correct (e.g., chronological)
ordering within the submap ‘‘documents in the case,”’ the number of cor-
rectly filed documentsin other submaps, and the ordering of those documents
(e.g., correspondence and notes on telephonic or other communication). Cues
can correlate with each other. Each cue alone, and the set of cues together,
may predict whether this trainee will ultimately achieve a correctly ordered
lawfile.

FIRST EXPERIENCES WITH CUEING IN DEVELOPING THE CMP
“PREPARING A PLEA”

At the end of the development of ‘‘Preparing a Plea’ a field trial was
carried out with a Beta-release to determine the instructional effectiveness
of provided cueing and stepsize. Students were given the same tasks and
version of the CMP and were questioned about their appreciation of provided
cueing. In this Beta-version PW are given at instruction (feedforward), and
WOE are given after learner reports have been submitted (feedback).

Method

Participants, Materials, and Procedure. A small group of sophomore law students (N =
12) was selected at random from both the Open University of the Netherlands (OUNL), an
institution offering distance education for a heterogenous population of students varying in
age, of which most have a steady job while studying (a subgroup of 2 male and 4 female
students had no plea experience at al), and the University of Maastricht (UM), an institution
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offering contact education (project-oriented) to 18- to 23-year-old students (a subgroup of 2
female and 4 male students with some plea experience as members of a debating club). The
CMP was developed for use by students without plea experience.

Learner reports within the CMP and study times on the CMP were collected by log files,
and pleas were scored and videotaped. Learning reports are filled-in process worksheets that
have to be sent to the virtual mentor. In the CMP these (intermediate) products are not used
for assessment. For research purposes, however, we have extracted them from the program
and assessed them. A jury consisting of three persons (two teachers and one trainer) scored
students’ results on the pleas.

All field-trial students were sent a questionnaire afterward, to be returned within 3-weeks,
and offered the prospect of receiving a videotape of their plea(s) during the role play sessions
(as was promised during the field trial) and a small company gift on CD-ROM (as was prom-
ised when sending the questionnaire). We received all questionnaires back. Datawere collected
on subjective appreciations of aspects of both step size and complexity of (sub-)tasks (Nadol-
ski, in press) and the timing and orientation of cueing.

Results and Discussion

Sudy times, learner reports, and pleas. Study times and learner reports of
8 students (equally divided over subgroups) could be collected and analyzed.
Study times show large variations, e.g., on the law file ‘‘Bosmans’ they
range from 40 to 664 min (M = 341, SD = 134). Means of OUNL students
(M = 499, SD = 213) and UM students (M = 134, SD = 52) differ signifi-
cantly, with Mann—Whitney’s U = 6.5, p = .01.

Learner reports show that most students followed the SAP and worked
their way through consecutive steps, using the PW and WOE provided. Since
we did not require students to work out and submit intermediate learner re-
ports, thisroute wastaken on avoluntary basis. The quality of learner reports
and pleas was sufficient, according to the assessments of content experts
involved. All students completed the CM P successfully and were, according
to the jury, able to conduct a plea in court. However, validated instruments
to assess the quality of reports and pleas were lacking during the field trial.

Questionnaires. All students reported to have been highly motivated (M =
3.4, SD = 0.6) and self-confident while preparing the plea (M = 2.9, D =
0.6) and to have enjoyed working through the CM P, appreciating the general
setup of the program. Male students reported feeling significantly more self-
confident during the study than female students (U = 10, p = .03), while
OUNL students were less confident than UM students (U = 12, p = .09)
(but about equally motivated). Students’ mean scores on items on cueing are
listed in Table 2.

Students report that information (in general) was helpful (M = 2.5, SD =
0.9) while studying the CMP. Timing of cueing was considered adequate
both for PW (M = 1.9, SD = 0.3) and WOE (M = 2.7, D = .61). Both
PW and WOE were found helpful while executing subtasks (M = 2.9, D =
Bland M = 2.9, D = .83), for understanding the executed subtasks (M =
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TABLE 2
Students' Appreciations of Relevant Items (Translated and Abbreviated)
in the Questionnaire

Students
(N = 12)
Results M D

Item 1. Motivational level at work 34 0.6
[1(low) — 4(high)]

Item 2d. SAP is not necessary to hold pleading 24 11
[1(disagree) — 4(agree)]

Item 5. Confidence level at work 292 0.6
[1(little) — 4(much)]

Item 6. Information (in generd) is helpful 25 0.9
[1(little) — 4(much)]

Item 7a. Timing of PW 19 0.3
[1(inadequate) — 2(adequate)]

Item 7b. Timing of WOE 2.7 0.6
[1(inadequate) — 3(adequate)]

Item 8a. WOE are helpful for understanding tasks 29 0.8
[1(disagree) — 4(agree)]

Item 8b. WOE are helpful for executing tasks 2.8 0.6
[1(disagree) — 4(agree)]

Item 8c. PW are helpful for executing tasks 2.9° 0.6
[1(disagree) — 4(agree)]

Item 8d. PW are helpful for understanding tasks 3.0° 0.7
[1(disagree) — 4(agree)]

Item 9a. WOE are helpful during study 31 0.7
[1(disagree) — 4(agree)]

Item 9b. PW are helpful during study 27 1.0

[1(disagree) — 4(agree)]

2With UM students scoring significantly higher than OUNL students.
b With OUNL students scoring significantly higher than UM students.

3.0, D = .68and M = 2.8, SD = .58), and during study (M = 2.7, SD =
95and M = 3.1, D = .66).

OUNL students value cueing more over all items and significantly more
on ‘‘helpfulness of PW in executing atask’ (U = 10, p = .03) and ‘* help-
fulness of PW in understanding thetask’” (U = 8, p = .02). This significant
difference is confirmed by negative (Spearman’s rho) correlations between
ingtitution and appreciations on these items, r¢ = —.59* and r; = —.66**,
respectively. For WOE no significant correlations were found.

Other significant intercorrelations were found between (data omitted in
the following text, are given in Table 3) item 6 with items 8c, 8d, 9b, and
2d(r, = .56*), indicating an overall appreciation for PW; item 8c with item
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TABLE 3
Intercorrelations (Spearman’s Rho) between Some Relevant Items on Cueing

Students (N = 12)

Items 6 8a 8b 8c 8d 9a 9b

6. Information (in general) —
8a. WOE for understanding tasks .46 —

8b. WOE for executing tasks 47 39 —
8c. PW for executing tasks .65* 31 12 —
8d. PW for understanding tasks .65* 27 16 92—
9a. WOE during study .23 28 .22 .60* .52 —
9b. PW during study Jg4%* 31 .04 .95%*  89** 56 —
*p < .05.
** p < 0L

2d(rs = .66**), indicating an appreciation for SAP (for the execution of the
task) and PW (for the execution of subtasks) as an interrelated whole; items
8c, 8d, 93, and 9b, indicating consistency between these cueing scores; and
item Qawith two items pertaining the complexity of subtasks (pleainventory
and plea), with rg = .74** and r, = .88** respectively, indicating that stu-
dents feel especially supported by WOE when cases get complex.

In conclusion, students enjoyed working through the CM P and appreciated
the general setup of the program with the cueing aswas provided. The quality
of learner reports and pleas appears to be sufficient. These findings show
(2) that the cueing developed according to our model is highly valued and
appears effective, which gives tentative support for the use of task-valid feed-
back and combined use of PW and WOE in CMP. With regard to the two
subgroups, it appears (2) that confidence gives students reason to believe
that tasks are less complex and can be studied in less time, and in a more
self-regulated fashion, with less need for externally provided cues, like PW.
Since OUNL students are more accustomed to a system of self-guided study
and material, in which embedded support devices are incorporated, the dif-
ference in appreciation might also be attributed to unfamiliarity. Finally,
(3) interesting relations were found between students’ appreciation of the
SAP (for the execution of the task) and PW (for the execution of subtasks)
and between reported complexity of subtasks and helpfulness of WOE.

GENERAL DISCUSSION

CMP are aimed at achieving goal competencies to be applied in avariety
of tasks beyond the context of the CMP. These complex skills require
schema-based behavior, which should be facilitated and monitored by pro-
viding task-valid cueing. Our main instructional hypothesis is that demon-
strating a ‘‘goa competency’’ requires the combined application of both
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automated schemata for recurrent aspects and more general schemata for
nonrecurrent aspects. A combination of both WOE and PW in instruction
therefore appears most suitable to facilitate schema construction in a variety
of tasks. Both formats have been studied from the perspective of the 4C/ID
model (Van Merriénboer, 1997) and in relation to Cognitive Load Theory
(Sweller, 1988) and have appeared suitable in complex learning.

Findings from a study on the appreciation of the CMP *‘ Preparing aPlea’’
indicate that a combination of PW and WOE indeed guides and promotes
competency-based learning. Based on these preliminary data, we assert that
process-oriented PW contribute to cognitive schema construction during the
execution of (complex) subtasks, that process-oriented SAPs are helpful in
following a metacognitive strategy during task execution, and that product-
oriented WOE are of most value for understanding task exection afterward.
Our students reported that the presence of both process- and outcome-
oriented cueing has led to better performances (pleas) and more focused
information searching (while preparing the plea), as was found earlier (e.g.,
Earley, Northcraft, Lee, & Lituchy, 1990; Johnson, Perlow, & Pieper, 1993).

Relations between cueing, schemata, monitoring, and learning outcomes
were depicted in a model. Guidelines on adequate cueing were presented
throughout the article and provide us with an evaluative framework. PW and
WOE were described in more detail as possible formats of task-valid cueing
and could be evaluated with these guidelines on their suitability to facilitate
schema construction. However, since our model has not yet been thoroughly
tested, further research has to be conducted to justify our assertions and im-
prove the model and guidelines. The most important question to be addressed
at this moment is when and how cueing should be provided in authentic
problem-solving tasks.

Cueing should not be studied from the level of specific subtasks (in-step
operations) alone, but also in relation to the task as a whole. Nadolski et a.
(in press) present an |D model that addressesthe issues of task decomposition
and step sizein relation to cueing in CMP. In the design phase of their two-
phase six-step model, variability of practice is suggested through a combina
tion of WOE and problems accompanied by PW.

Relations between the aspects of timing and orientation of cueing, on the
one hand, and learner and task characteristicsin competency-based learning,
on the other hand, is an interesting issue to be clarified further. For instance,
moving from novice to expert, learners can be confronted more with PW
and less with WOE. Having control over timing and formats of cueing may
help learners optimize their allocation of cognitive resources.

REFERENCES

Balzer, W. K., Doherty, M. E., & O’Connor, R. (1989). Effects of cognitive feedback perfor-
mance. Psychological Bulletin, 106, 410—433.



248 HUMMEL AND NADOLSKI

Boekaerts, M., & Simons, P. R.-J. (1993). Leren en instructie [Learning and instruction].
Assen, The Netherlands: Dekker & van der Vegt.

Brown, J. S,, Callins, A., & Duguid, P. (1989). Situated cognition and the culture of learning.
Educational Researcher, 1, 32—42.

Brunswik, E. (1956). Perception and the representative design of psychological experiments.
Berkeley: Univ. of California Press.

Carroll, J. M., & Carrithers, C. (1984). Blocking learner error states in a training wheels
system. Human Factors, 26, 377—389.

Chi, M. T. H., Feltovich, P. J., & Glaser, R. (1981). Categorization and representation of
physics problems by experts and novices. Cognitive Science, 5, 121-153.

Dufresne, R. J., Gerace, W. J., Thibodeau-Hardiman, P., & Mestre, J. O. (1992). Constraining
novices to perform expertlike problem analyses: Effects on schema acquisition. The Jour-
nal of the Learning Sciences, 2(3), 307-331.

Earley, P. C., Northcraft, G. B., Lee, C., & Lituchy, T. R. (1990). Impact of process and
outcome feedback in the relation of goal setting to task performance. Academy of Manage-
ment Journal, 330, 87—105.

Ertmer, P. A., & Newby, T. J. (1996), The expert learner: Strategic, self-regulated, and reflec-
tive. Instructional Science, 24(1), 3—24.

Gagné, E., Yekovich, C., & Yekovich, F. (1993). The cognitive psychology of school learning.
New York: HarperCollins.

Gerrichhauzen, J. T. G., Hoefakker, R. E., Perreijn, A. C., van den Brink, H. J., Slootmaker,
A., & Berkhout, J. (1998). Buiten dienst [Out of order] (version 1.0) [multimedia CD-
ROM]. Heerlen, The Netherlands: Open University of the Netherlands.

Ivens, W. P. M. F,, Lansu, A. L. E.,, Hummel, H. G. K., Huisman, W. H. T., Westera, W.,
Wagemans, L. J. J. M., Slootmaker, A., & Berkhout, J. (1998). Bodem en milieu [Soil and
environment] (version 1.95) [multimedia CD-ROM]. Heerlen, The Netherlands. Open
University of the Netherlands.

Johnson, D. S, Perlow, R., & Pieper, K. F. (1993). Differences in task performance as a
function of type of feedback: Learning-oriented versus performance-oriented feedback.
Journal of Applied Social Psychology, 23, 303—320.

Jonassen, D. (1991). Thinking technology: Context is everything. Educational Technology,
February, 35-37.

Kirschner, P. A., van Vilsteren, P. P. M., Hummel, H. G. K., & Wigman, M. C. S. (1997).
The design of a study environment for acquiring academic and professional competence.
Sudies in Higher Education, 22(2), 151-171.

Kulik, J. A., & Kulik, C. (1988). Timing of feedback and verbal learning. Review of Educa-
tional Research, 58(1), 79-97.

Martens, R. L. (1998). The use and effects of embedded support devices in independent learn-
ing (Ph.D. thesis). Heerlen, The Netherlands: Open University of the Netherlands.

van Merriénboer, J. J. G. (1997). Training complex cognitive skills. Englewood Cliffs, NJ:
Educational Technology.

Mory, E. H. (1996). Feedback research. In D. H. Jonassen (Ed.), Handbook of research for
educational communications and technology (pp. 919-956). New York: MacMillan Li-
brary Reference.

Nadolski, R. J., Kirschner, P. A., van Merrienboer, J. J. G., & Hummel, H. G. K. (in press).
A model for optimizing stepsize of learning tasks in Competency-based Multimedia Prac-
ticals.



CUEING FOR SCHEMA CONSTRUCTION 249

Narciss, S. (1999). Individual differences in learning and motivation with informative feed-
back. Paper presented at the EARLI conference August, 1999, in Goteborg.

Pintrich, P. R. (1999). Therole of motivation in promoting and sustaining self-regulated learn-
ing. Educational Research, 31, 459—-470.

Phye, G. D. (1990). Inductive problem solving: Schema inducement and memory-based trans-
fer. Journal of Educational Psychology, 82(4), 826—831.

Rothkopf, E. Z. (1981). A macroscopic model of instruction and purposive learning: An over-
view. Instructional Science, 10, 105-22.

Rothkopf, E. Z. (1996). Control of mathemagenic activities. In D. H. Jonassen (Ed.), Handbook
of research for educational communications and technology (pp. 879-896). New Y ork:
MacMillan Library Reference.

Rumelhart, D. E., & Norman, D. A. (1978). Accretion, tuning, and restructuring: Three models
of learning. In J. W. Cotton & R. Klatzky (Eds.), Semantic factorsin cognition (pp. 37—
53). Hillsdale, NJ: Erlbaum.

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive
Science, 12, 257-285.

Sweller, J., Van Merriénboer, J. J. G., & Paas, F. G. W. C. (1998). Cognitive architecture
and instructional design. Educational Psychology Review, 10, 251—296.

VanderMeeren, W. M. F., Hoogveld, A. W. M., Hummel, H. G. K., Vos, M. M. H. L. S,
Rosendaal, A., van der Vegt, G. W., & Berkhout, J. (1997). Practicum Assessment Center
(version 3.0) [multimedia CD-ROM]. Heerlen, The Netherlands: Open University of the
Netherlands.

Whitehall, B. V., & McDonad, B. A. (1993). Improving learning persistence of military per-
sonnel by enhancing motivation in a technical program. Smulation and Gaming, 24(3),
294-313.

Wood, R. E. (1986). Task complexity: Definition of the construct. Organizational Behavior
and Human Decision Processes, 37, 60—82.

Woretshofer, J., Nadolski, R. J., Starren-Weijenberg, A. M. A. G., van der Meer, N. H. W,
Quanjel-Schreurs, R. A. M., Aretz, C. C. W. M., Martyn, G., van den Brink, H. J., Sloot-
maker, A., & Berkhout, J. (2000). Pleit voorbereid [Preparing aplea] (version 1.0) [multi-
media CD-ROM)]. Heerlen, The Netherlands. CIHO.



	TASKS AND CUEING IN COMPLEX LEARNING ENVIRONMENTS
	TABLE 1
	FIGURE 1
	FIGURE 2

	CUEING AND SCHEMA INTERPRETATION
	CUEING AND SCHEMA CONSTRUCTION
	CUEING AND MONITORING
	FIRST EXPERIENCES WITH CUEING IN DEVELOPING THE CMP ``PREPARING A PLEA''
	TABLE 2
	TABLE 3

	GENERAL DISCUSSION
	REFERENCES

