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According to the expertise reversal effect described in Chapter 12, instructional 
designs and techniques that are relatively effective for novice learners can lose their 
effectiveness and even have negative consequences with increasing levels of exper-
tise. As a result, instructional methods including the amount of instructional guid-
ance provided to learners should be dynamically tailored to changing levels of 
learner expertise in a particular area or domain.

While levels of expertise interact with a wide range of cognitive load effects to 
generate the expertise reversal effect, as discussed in Chapter 12, expertise is particu-
larly important to the worked example effect given its significance as an instructional 
tool for novice learners. Multiple research studies have demonstrated that for novice 
learners, especially during the initial stages of skill acquisition, worked examples rep-
resent a very efficient form of instruction (see Chapter 8 for a discussion of the worked 
example effect). They minimise use of the randomness as genesis principle, maximise 
use of the borrowing and reorganising principle and so reduce the extraneous interact-
ing elements associated with problem solving resulting in a reduced working memory 
load as required by the narrow limits of change principle. As a consequence, informa-
tion can be readily transferred to the long-term memory store and used by the environ-
mental organising and linking principle to solve subsequent problems.

However, for more experienced learners, practice at problem solving without the 
assistance of worked examples is likely to be superior during later phases of skill 
acquisition. Worked examples are likely to be less effective for more knowledge-
able learners because integrating the detailed instructional guidance of the sort 
provided by worked examples with knowledge structures already available in a 
learner’s long-term memory may require additional cognitive resources and thus 
impose an unnecessary cognitive load. Instructional formats that provide reduced 
guidance or minimal support, such as problem-solving practice or exploratory 
learning environments, may be more cognitively efficient for relatively advanced 
learners. Worked examples and other forms of guidance, important for novices, 
may become redundant and so increase extraneous cognitive load as levels of 
expertise increase. If worked examples are redundant for more knowledgeable 
learners, the cognitive procedures associated with redundancy can be expected to 
come into play. Processing redundant elements may increase working memory load 
as indicated by the narrow limits of change principle. It is unlikely to result in 
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additional information transferring to the long-term memory store via the borrowing 
and reorganising principle because the information store already contains the relevant 
information. It follows that procedures designed to effectively structure the transi-
tion from worked example-based instruction during the early stages of learning to 
problem-solving practice as learners acquire more expertise in the task domain 
becomes an important research and practical question.

One possible means of a smooth transition from worked examples to problem-
solving practice is the use of completion tasks (van Merriënboer, 1990; van 
Merriënboer, Kirschner, & Kester, 2003; see Chapter 8 for an overview of the tech-
nique). A completion task provides a problem statement, a partially worked-out solu-
tion procedure, with learners required to complete the solution. Completion problems 
effectively combine a worked example with problem solving within one task. Faded 
worked examples use completion problems as a solution to the issue of transition 
from less to more expert learners. The instructional strategy is based on gradually 
decreasing the levels of instructional guidance as levels of learner expertise increase 
(Atkinson, Derry, Renkl, & Wortham, 2000 ; Renkl, 1997; Renkl, Atkinson, & Maier, 
2000). With this instructional method, worked examples are gradually faded as 
learner knowledge increases. Worked-out steps provided by the instructor are pro-
gressively replaced with problem-solving steps for learners to complete. Faded 
worked examples thus, in effect, represent a coordinated series of completion prob-
lems in which early problems are presented as full worked examples with successive 
problems requiring learners to complete an increasing number of steps until eventu-
ally, full problems with no steps completed by the instructor are presented.

The fading effect is predicated on the assumption that by gradually decreasing 
problem-solving guidance and increasing problem-solving demands with increases 
in expertise, learners will retain sufficient working memory capacity to deal with 
the increasing demands. As learner expertise increases, knowledge held in long-
term memory can be used to decrease the demands on working memory. The freed 
working memory resources instead can be used to engage in problem solving.

The guidance fading procedure can be contrasted with traditional example–
problem pairs (see Chapter 8). While the use of such pairs is highly effective and 
relatively simple to implement, example–problem pairs ignore the consequences of 
changes in levels of expertise as exemplified by the expertise reversal effect. Based 
on the expertise reversal effect, it can be hypothesised that continuing to provide 
worked examples after levels of expertise have increased can result in redundancy 
and an increased extraneous cognitive load compared to a fading procedure.

Empirical Evidence for the Guidance Fading Effect

The guidance fading effect is demonstrated by enhanced learning due to the use 
of gradually faded worked examples instead of a consistent use of worked exam-
ples, problems or worked example–problem pairs. This section reviews empirical 
evidence for the effect and its instructional implications.
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Effects of Fading Worked-Out Solution Steps

As intrinsic load gradually decreases when learners acquire more experience in 
a task domain, a gradual increase in the proportion of time allocated to problem-
solving practice is possible without an excessive load. An introduction of 
problem-solving steps can be accomplished in a graduated manner. Initially, 
after a complete example is presented, an example can be provided in which a 
single solution step is omitted with learners required to provide that step them-
selves. For subsequent stages, the number of steps learners must complete by 
themselves without explicit guidance can be increased until only a problem 
statement is left (Renkl & Atkinson, 2003) with learners required to complete all 
steps. Compared to traditional example–problem pairs, fading can be expected 
to reduce cognitive load and, as a result, enhance learning. For instance, after 
seeing a full worked example, the learner only is required to complete a single 
step on the next problem rather than search for a solution to the whole problem.

Two types of fading procedures have been proposed. In backward fading, the first 
learning task is presented as a completely worked-out example, the second task is 
presented with the solution to the last step omitted, the third task with the solutions 
to the last two steps omitted, etc. For instance, the previously used (Chapter 8) 
example of a completion strategy for a simple two-step problem can be used to rep-
resent an example of the second task in a backward-fading procedure, as follows:

Make a the subject of the equation (a + b)/c = d.

Solution

( )/+ =a b c d
+ =a b dc

?=a

In contrast to this backward-fading procedure, in a forward-fading proce-
dure, the first learning task is also presented as a completely worked-out 
example, followed by the second task with the solution to the first step omitted, 
the third task with the solutions to the first two steps omitted, etc. Using the 
above algebra example, the second task in a forward-fading procedure requires 
learners to provide a solution to the first step with the last step provided by the 
instructor, as follows:

Make a the subject of the equation (a + b)/c = d.

Solution

( )/+ =a b c d
?+ =a b

= −a dc b

Renkl, Atkinson, Maier, and Staley (2002) compared a fading procedure with 
example–problem pairs in realistic, secondary school physics lessons on electricity. 



174 13 The Guidance Fading Effect

A backward-fading procedure was used with the first task as a completely worked-out 
example, the second task with the last solution step omitted, the third task with the 
last two steps omitted, etc. In a delayed post-test conducted 2 days after tuition, the 
fading group outperformed the example–problem pairs group in near transfer perfor-
mance. The results were replicated with fading again proving superior to example–
problem pairs in a follow-up laboratory-based experiment with psychology 
university students learning probability calculation procedures. This follow-up 
experiment used a  forward-fading procedure that omitted guidance for the first solu-
tion step initially, then omitted the first two steps, etc. The third experiment, again 
laboratory-based using university educational psychology students, compared tradi-
tional example–problem pairs with two alternative conditions, one backward fading 
and the other forward fading. The results indicated a positive effect of fading on a 
near transfer post-test for both backward and forward fading. In addition, the backward-
fading condition also was superior on a far transfer post-test. The backward-fading 
condition was generally more efficient than forward fading, as learners presented 
backward fading also required less time to study the examples. From a cognitive 
load perspective, the backward-fading condition whereby the learner supplies the 
final problem-solving step may impose a lower cognitive load than the forward-
fading condition where the learner supplies the first problem-solving step, a step 
often a critical step in the overall solution (see Ayres & Sweller, 1990).

However, Renkl, Atkinson, and Grobe (2004) demonstrated that the position of 
the faded steps did not actually influence how much was learned about each step. 
Students learned most about those problem-solving steps that were faded irrespec-
tive of whether backward or forward fading was used. A follow-up experiment 
using think-aloud protocols generated by the learners demonstrated that fading was 
associated with fewer unproductive learning events, thus explaining better learning 
outcomes. Accordingly, there may not be a universal recommendation for sequenc-
ing the fading procedure. The selection of an appropriate fading procedure and a 
decision about which type of solution step should be faded first may depend largely 
on specific structures and content of the material to be learned.

In additional work, Renkl and Atkinson (2001) investigated the efficiency of 
self-explanation prompts at the faded steps (see Chapter 8 for details about the self-
explanation technique). At each worked-out step, the university students learning 
the probability calculation procedures were asked to identify which probability rule 
had been applied. Two backward-fading groups with and without self-explanation 
prompts were compared, and the results indicated strong advantages associated 
with self-explanation prompts on both near and far transfer post-tests.

Knowledge-Dependent Dynamic Provision of Guidance

Based on the expertise reversal effect, an appropriate sequencing of learning tasks 
with decreased guidance as expertise increases is important. Accordingly, tasks that 
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provide optimal levels of instructional guidance for novice learners may not be optimal 
for more experienced learners. These learners have already acquired sufficient 
knowledge so additional support provided through instructional guidance may be 
redundant, counterproductive and inhibit rather than facilitate further learning.

Reisslein (2005) examined the pace of transitioning from worked examples to 
independent problem solving for university engineering students with different 
levels of prior knowledge. In the immediate transitioning condition, learners prac-
tised problems immediately after an introduction. In the fast fading condition, 
worked-out solution steps were faded at a rate of one step with each example. In 
the slow fading condition, the rate was one step for every second example. The 
results of the retention post-test indicated significant interactions between levels of 
learner prior knowledge and the pace of transitioning. More knowledgeable learn-
ers performed significantly better in the fast and immediate transitioning groups 
than in the slow transitioning group. Worked examples might have been redundant 
for these learners. On the other hand, learners with low levels of prior knowledge 
who required more detailed guidance benefited more from the slow transitioning 
condition than from the immediate or fast transitioning conditions.

As was mentioned in Chapter 12, Nückles, Hübner, Dümer, and Renkl (2010)  
demonstrated an expertise reversal effect based on instructional support for writing 
learning journals in which students reflected on the previously studied material. 
Support was provided in the form of prompts to apply appropriate learning strate-
gies. At the beginning of the term, the group that received prompts applied 
more strategies in their learning journals and learned more than the no-prompts 
group. At the end of the term, the prompts group learned less than the no-prompts group. 
In order to avoid these negative long-term effects of prompts, a gradual and adap-
tive fading of the prompts was introduced in the second experiment. In the experi-
mental group, each of the presented prompts was faded out as soon as a student 
applied the prompted strategy in a satisfactory manner. In the control group, the 
prompts were presented permanently. The results showed that, over the course of 
the term, the fading group applied increasingly more cognitive strategies, while the 
permanent prompts group applied increasingly fewer cognitive strategies. At the 
end of term, the permanent prompts group showed substantially lower learning 
outcomes than the fading group. At the beginning of the term, the prompts success-
fully facilitated the application of beneficial strategies. However, as the students 
became more skilled in journal writing, the external guidance by prompts became 
redundant and, thus, caused an extraneous load. Accordingly, a gradual fading-out 
of the prompts in line with the learner’s growing level of expertise was effective in 
alleviating possible negative effects of instructional support.

Kester and Kirschner (2009)  investigated whether fading conceptual and strategic 
support in a problem solving domain affected accuracy of hypertext navigation and 
problem performance in an e-learning environment. The research demonstrated that 
fading support during practice as a function of increasing levels of learner expertise 
helped learners to navigate more accurately during practice as compared to learners 
receiving full support or no support during practice.
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Thus, in these studies, novice learners benefited most from well-guided, slow-paced 
instructional procedures that reduced extraneous cognitive load. For more experi-
enced learners, studying redundant worked-out steps and integrating them with 
available knowledge that provided essentially the same guidance imposed an 
unnecessary extraneous cognitive load. These experienced learners were able to use 
their knowledge base to guide the learning process. They did not require external 
guidance and therefore benefited more from minimally guided instruction.

The Effect of a Gradual Change in Levels of Support  
Using Computer-Based Tutors

In intelligent tutoring systems (e.g. Anderson, Corbett, Koedinger, & Pelletier, 
1995), learning by problem solving is usually supported by providing explicit sub-
goals, immediate feedback, hints, dynamic evaluation of student progress and 
appropriate remedial problems. Because of this comprehensive instructional sup-
port that is embedded into most cognitive tutors, their reported instructional effec-
tiveness could, in fact, be due to a version of the worked example effect. A worked 
example provides the ultimate example of guidance and support.

Renkl, Schwonke, Wittwer, Krieg, Aleven, and Salden (2007) conducted a study 
designed to compare a ‘standard’ problem-based tutor in circle geometry that also 
included self-explanation prompts, with an example-enriched tutor based on faded 
worked examples. The results of the first experiment indicated no differences in 
conceptual knowledge acquisition and transfer performance; however, lower 
instruction time and higher efficiency indicators were obtained for the example-
enriched tutor. In a follow-up study that used a modified tutor with an improved 
introduction and individual learning sessions, higher post-test conceptual knowl-
edge scores, lower instruction times and higher efficiency indicators for the faded 
example-enriched tutor were obtained. The participants in the faded example-
enriched group made many errors at the beginning of the learning phase but exhibited 
a rapid catch-up. They also expressed more principle-based self-explanations. 
In comparison, the participants in the problem group uttered more superficial pro-
cedure-based self-explanations. Integrating intelligent cognitive tutors with faded 
example-based learning could be an effective instructional approach to developing 
learner expertise.

Salden, Aleven, Schwonke, and Renkl (2010)  conducted an experimental study 
designed to investigate if learners’ current skill levels determined by their self-
explanation performance while studying examples and by their problem-solving 
performance could be used to determine an appropriate degree of guidance. A fad-
ing approach to structuring the transition from examples to problem solving that 
was adapted to the skill levels of individual learners was expected to be more effec-
tive than a predetermined fading approach. Such an individualised fading procedure 
(adaptive fading) was compared to a fixed procedure (fixed fading), and to a stan-
dard tutored problem-solving condition (problem solving) using high school students  
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studying geometry lessons provided by the Cognitive Tutor. The results of the 
laboratory-based study showed that the adaptive fading procedure resulted in higher 
performance scores on the immediate post-test and a post-test delayed by a week. 
Another classroom-based study replicated these results on the delayed post-test 
with non-significant differences on the immediate post-test. Thus, these experi-
ments provided evidence of better learning outcomes resulting from adaptive fading 
than from fixed fading or problem solving.

Applying Rapid Assessment Techniques to the Design  
of Adaptive Fading Procedures

There is considerable work that has been carried out using adaptive fading in con-
texts other than use of the cognitive tutor. That work is discussed next.

Rapid online evaluation of levels of expertise. The quality of adaptive fading  
procedures is likely to depend significantly on the accuracy of information about 
current levels of learner knowledge and skills. Knowing when to fade guidance 
depends on accurate information concerning learner knowledge levels. Traditional 
tests may not be sufficiently precise or timely to maximise the benefits of fading. 
Diagnosing levels of learner expertise rapidly and in real time is important for 
the development of dynamic, learner-tailored learning environments in general, 
and implementing fading procedures in particular. This section reviews a series 
of studies aimed at developing rapid diagnostic assessment methods that are 
directly based on characteristics of our cognitive architecture described in Part II 
of this book.

The knowledge base in long-term memory heavily determines what informa-
tion working memory processes and how it is processed. Information in long-
term memory transforms the characteristics of working memory and so long-term 
memory defines the effective processing capacity and the current content of 
working memory during knowledge-based cognitive processes. Accordingly, 
evaluating the content of long-term memory should provide a measure of levels 
of learner expertise. If such an evaluation can be conducted rapidly, it may be 
suitable as a formative evaluation technique that can be used to appropriately 
govern a fading procedure.

We know, based on the early work of De Groot (1965) and on subsequent work 
(see Chapter 2), that expertise in a domain is determined by the extent to which 
learners have acquired schemas held in long-term memory that allow them to rec-
ognise problem states and the best moves associated with each state. It would be 
beneficial to devise techniques that assess such learner knowledge directly. The 
techniques need to be sufficiently rapid to provide us with information allowing us 
to fade guidance at an appropriate time. De Groot’s (1965) work has potential in 
this regard. Based on his work, we know that expert problem solvers can recognise 
problem states and the best moves associated with each state. It may be possible to 
devise a test intended to assess how learners approach briefly presented memory 
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tasks similar to those used by De Groot. More expert-level learners should be able 
to retrieve appropriate higher-level schemas and immediately place a problem and 
its solution within their well-structured knowledge base. On the other hand, novices, 
not possessing such schemas may only identify random, lower-level components of 
the solution steps. In this manner, the presence or absence of an organised knowl-
edge base in long-term memory may possibly be used as the main factor determin-
ing differences between more and less expert problem solvers.

Kalyuga and Sweller (2004) attempted to devise a rapid assessment procedure 
based on de Groot’s findings. They suggested it may be possible to rapidly assess 
the contents of long-term memory using a ‘first-step’ diagnostic assessment proce-
dure according to which learners are presented with selected problems for a limited 
time and asked to indicate their first step towards solution of each problem. Based 
on their schemas, more experienced learners are expected to rapidly indicate more 
advanced steps of the solution and skip some intermediate steps. Novices may only 
be able to indicate isolated, single, random steps. For example, if asked to indicate 
their first step towards the solution of the equation 4x = 5, learners who are expe-
rienced in solving such equations (experts), might immediately produce the final 
answer (x = 5/4) as their first step. Less experienced but still knowledgeable stu-
dents (intermediates) might provide the first step of the standard solution procedure 
that requires dividing both sides of the equation by 4 (4x/4 = 5/4), while students 
without any knowledge of the solution procedure (novices) may attempt a random 
step using a trial-and-error method. Different first steps may indicate different lev-
els of expertise much more rapidly than conventional tests. This technique was vali-
dated in a series of studies using algebra, coordinate geometry, and arithmetic word 
problems by demonstrating high correlation levels between the results of the rapid 
tasks and traditional measures of knowledge that required students to provide the 
entire solution. Importantly, rapid tests could reduce testing times by up to a factor 
of 5 (Kalyuga, 2006a; Kalyuga & Sweller, 2004).

An alternative rapid assessment method is available that may be more suitable 
for online learning environments. Instead of generating the first steps themselves, 
learners can be presented with a series of potential, possible steps at various stages 
of the solution procedure and asked to rapidly verify the validity of these steps. This 
method may be useful in relatively poorly specified domains with many different 
possible solution paths. This rapid verification procedure was first used with sen-
tence comprehension tasks (Kalyuga, 2006b ) in which a sequence of sentences that 
gradually increased in complexity was displayed. For example, simple, composite 
and multiple-embedded sentences increase in complexity. Each sentence was dis-
played for a limited time, followed by a series of simple statements related to the 
content of the corresponding sentence. Students were asked to rapidly verify the 
correctness of each statement by clicking on the buttons ‘Right’, ‘Wrong’ or ‘Don’t 
know’ underneath the statement on the computer screen. For example, after reading 
the sentence, ‘The artist, who performed for the crowd that gathered to enjoy the 
show, left’, students were briefly showed the following statements one at a time for 
rapid verification: ‘the artist left’; ‘the artist enjoyed the show’; ‘the crowd gathered 
for the show’; ‘the crowd left’.
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Subsequently, the method was also used in the domains of kinematics and 
mathematics. In these domains, diagrammatic representations of selected potential 
solution steps were presented to students for rapid verification. Both correct and 
incorrect solution steps were used. These rapid tests demonstrated high levels of 
correlation with problem-solving scores obtained from the analyses of video 
records and concurrent verbal reports of students’ problem-solving performance 
(Kalyuga, 2008b).

Expertise-based adaptive fading instruction. The above-mentioned studies suggest 
a sufficiently high degree of concurrent validity for the rapid assessment methods 
to warrant their implementation in adaptive fading procedures. The first-step 
assessment method was used to design a gradual transition from worked examples 
to unguided problem-solving practice. A computer-based tutor for secondary 
school students solving elementary algebra equations was used (Kalyuga & 
Sweller, 2004). This tutor and several subsequent tutors were designed to produce 
a series of faded worked examples. The initial allocation of learners to appropriate 
stages of fading was based on the outcomes of initial, rapid, first-step diagnostic 
pretests (see the example above). A learner progressing through the stages was 
monitored by rapid diagnostic probes, and instruction was tailored according to 
changing levels of expertise.

Learners who were classified as novices based on the initial pretest studied a 
series of fully worked-out examples, each followed by a similar problem-solving 
exercise. Depending on the outcome of a diagnostic test at the end of this phase, 
additional worked examples were provided if necessary before learners proceeded 
to the next stage after successfully completing the phase-exit rapid test. The second 
stage contained backward faded completion problems in which learners were 
asked to complete the last step themselves. At each of the following stages, 
reduced instructional guidance was provided to learners by eliminating solution 
explanations of progressively more procedural steps. The final stage contained 
only problem-solving exercises without any explanations provided. A flow chart of 
the procedure is represented in Fig. 13.1. This learner-adapted tutor resulted in 
significantly better knowledge gains as measured by differences between post-
instruction and pre-instruction test scores than a non-adapted tutor in which stu-
dents were required to study the whole set of worked examples and example–problem 
pairs available in the tutorial without fading.

In another study with similar materials (Kalyuga & Sweller, 2005), the rapid 
first-step measure of expertise was combined with measures of cognitive load 
using subjective ratings of task difficulty. It was assumed that expertise is associ-
ated not only with higher levels of performance but also with lower levels of cogni-
tive load, as experts’ available knowledge structures in long-term memory could 
significantly reduce working memory demands, as specified by the environmental 
organising and linking principle. Therefore, combining both measures could 
produce a good indicator of learner expertise in a domain. In contrast to the tradi-
tional ‘deviation model’ (Hoffman and Schraw, 2010) definition of instructional 
efficiency as the difference between standardised scores for performance and 
mental effort ratings (Paas & van Merriënboer, 1993; Paas, Tuovinen, Tabbers, & van 
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Gerven, 2003), efficiency was defined as a ratio of the current level of performance to 
the current level of cognitive load, called a ‘likelihood model’ by Hoffman and 
Schraw (see Chapter 6). This definition corresponds more closely to the common 
idea of efficiency as the relative cost of achieving a result. This indicator of cogni-
tive efficiency was used for the initial selection of appropriate levels of instructional 
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Fig. 13.1 Flow chart of the adaptive fading procedure using rapid first-step diagnostic assessment 
method. Reprinted from Kalyuga & Sweller (2004). Copyright © 2004 American Psychological 
Association
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guidance, as well as for ongoing monitoring of learner progress and tailoring the 
fading procedure to changing levels of learner expertise. Results indicated that the 
learner-adapted instructional condition significantly outperformed the non-adapted 
group on both knowledge and efficiency gains.

Kalyuga (2006a) compared non-adapted instruction in the area of vector addi-
tion motion problems in kinematics for high school students with two learner-
adapted instructional procedures, one of which was based on rapid verification 
performance tests as described above and another one that was based on efficiency 
indicators. Both adaptive conditions outperformed the non-adapted group on a 
number of dependent variables such as cognitive load ratings, instruction time and 
instructional efficiency. However, there were no significant differences between the 
two adaptation procedures on any of the dependent variables.

Similar results have been obtained in research on dynamic adaptation of learn-
ing task selection procedures in which the difficulty of learning tasks presented to 
students was determined by test results. Camp, Paas, Rikers, and van Merriënboer 
(2001)  and Salden, Paas, Broers, and van Merriënboer (2004) investigated the use 
of test results to determine levels of learner expertise during air traffic control 
training. Unlike the previous studies that used rapid tests to determine levels of 
guidance, these studies were primarily concerned with gradual increases in task 
difficulty rather than with fading the levels of instructional support. Also, these 
studies used different performance assessment methods, definitions of instruc-
tional efficiency, and task selection algorithms to the ones described above. 
Nevertheless, learner-adapted conditions were superior to non-adapted formats in 
all of the studies. Salden, Paas, and van Merriënboer (2006a) also demonstrated 
that learner-adapted approaches to selecting learning tasks were superior to non-
adapted formats.

Conditions of Applicability of the Fading Effect

Firstly, as is common for all cognitive load effects, high levels of intrinsic cognitive 
load are essential to the fading effect. It is unreasonable to expect any significant 
effect of fading for instructional materials that do not impose a sufficiently high 
level of intrinsic cognitive load, and therefore are relatively easy to learn even with 
abrupt transitions from examples to problem-solving exercises.

Secondly, although the fading effect is a direct consequence of the expertise 
reversal effect, levels of expertise are just as important to the fading effect as to 
most other cognitive load effects. Faded worked examples can be effective for 
learners at specific levels of prior knowledge and not optimal for other learners. For 
example, as was previously mentioned in this chapter, gradual transitioning proce-
dures with slowly decreasing levels of guidance are likely to benefit most novice 
learners. Relatively more knowledgeable learners might benefit from more rapid 
transitioning procedures or from immediately beginning to practice problems after 
an introduction to a topic area, since detailed guidance during problem solving may 
be redundant for these learners (Reisslein, 2005).
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Instructional Implications

As was mentioned in the previous chapter, a major instructional implication of the 
expertise reversal effect is the need to dynamically tailor instructional methods and 
levels of instructional guidance to changing levels of learner expertise during a 
learning session. According to the expertise reversal effect, appropriate instruc-
tional guidance needs to be presented at the right time, and removed in a timely 
fashion as learners gradually gain expertise. Detailed instructional support should 
be provided to novice learners as a substitute for missing knowledge structures. At 
higher levels of expertise, problem-solving practice using knowledge held in long-
term memory should be the prevailing instructional method. At intermediate levels 
of expertise, an optimal mix of direct external guidance and problem-solving prac-
tice should be used. It can, of course, be a challenging task to establish the optimal 
mix and implement the corresponding transition procedures. Nevertheless, while 
challenging, the results of the experiments described in this chapter suggest it is 
worth the effort.

Conclusions

The instructional strategy of gradually decreasing the level of instructional guid-
ance as levels of learner expertise increase is an implication of the expertise reversal 
effect. The most obvious instructional strategy that flows from the expertise rever-
sal effect is the use of faded worked examples. This technique gradually fades 
worked-out steps to be replaced with problem solving sub-tasks as levels of learner 
expertise increase. The gradual reduction of instructional guidance as levels of 
learner expertise increase has proved to be a more effective instructional procedure 
than abrupt switches from worked examples to problems. The next step in this line 
of research has been the development of adaptive fading methods that dynamically 
tailor the rates of transition from worked examples to problems depending on cur-
rent levels of learner expertise.

Research into adaptive fading methods is still in its early stages and the number 
of studies is limited. However, the available research has already demonstrated that 
adaptive fading procedures can improve learning outcomes with significant impacts 
on the acquisition of basic knowledge and skills for novice learners as well as more 
strategic knowledge and transfer capabilities for more advanced learners. Recent 
studies into rapid diagnostic assessment methods combined with advances in mea-
sures of cognitive load and instructional efficiency may offer appropriate, real-time 
diagnostic tools for the dynamic adaptation of fading techniques. This research area 
currently is very active.
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