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Abstract Recent research on metacognition points out the crucial role of on-line methods
when endeavouring to conduct valid assessments of metacognitive skills. Presently,
different on-line methods are used, however, it is still a question of research whether and
how they affect students’ learning behaviour and learning outcome. Thus, the aim of this
study is to quasi-experimentally analyse the effects of two on-line verbalisation methods on
learning performance. By means of the thinking-aloud method, students in one
experimental group (n=24) were instructed to read and think aloud during learning. With
the reflection when prompted method, students of another experimental group (n=24) were
prompted at each navigational step to reflect on the reasons why they chose specific
information. Students in the control group (n=22) learned without being instructed to
verbalise. All three groups were treated identically except for the different use of
verbalisation assessment methods. The students’ task was to learn the concepts and
principles of operant conditioning presented in a hypermedium within 30 min. The
students’ learning sessions were videotaped and learning performance was obtained
immediately afterwards. Based on Ericsson and Simon’s (Protocol analysis: Verbal reports
as data, MIT, Cambridge, 1993) model, no performance differences between the thinking
aloud and the control group were hypothesised. However, prompting students for
metacognitive reflection should affect learning performance positively, which is confirmed
by the results only in tendency for transfer performance. Implications for on-line
assessment methods of metacognitive skill will be discussed.
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Introduction and research aim

This paper addresses the assessment of metacognitive skills with two different on-line
methods: thinking aloud and reflection when prompted. The question of possible method
effects on learning process and performance was raised while conducting a comprehensive
research project on metacognitive support for hypermedia learning (Bannert 2004, 2007).
Because the design and evaluation of adequate metacognitive support should be based on an
appropriate identification of metacognitive skills, valid metacognitive assessment methods are
needed urgently. The problem of valid metacognitive skill diagnosis has often been neglected
in metacognitive research, however, this question has recently been put on the research
agenda by some researchers (e.g. Artelt 2000; Dominowski 1998; Lompscher 1996; Pintrich
et al. 2000; Pressley 2000; Schraw and Impara 2000; Veenman 2005; Winne and Perry 2000).

In the following, the general aim of the research project will be described briefly, and a
self-developed model of metacognitive skills necessary for hypermedia learning will be
outlined. Then, different on-line metacognitive skill assessment methods will be sketched
with a focus on the thinking aloud procedure. On the basis of the model developed by
Ericsson and Simon (1993), three different levels of verbalisation and their effects on
cognitive processes and performance will be described, which will lead to the research
questions and hypotheses of the current study.

Metacognitive skills during hypermedia learning

Recent research in the field of hypermedia learning points out the crucial role of learners’
strategic and metacognitive behaviour (e.g. Foltz 1996). Although metacognitive
knowledge and skills are needed when learning without using new learning technology,
this technology makes the students’ reflective behaviour regarding their own way of
learning more salient (e.g. Lawless and Brown 1997; Lin et al. 1999; Rouet and Levonen
1996). Based on linear text processing research, Schnotz (1998) points out that higher
metacognitive demands of non-linear text, respectively hypertext, compared with traditional
linear text is partly caused by the fact that in a non-linear learning environment, a successful
learner has to continuously decide where to go next and to constantly evaluate how the
information retrieved is related to his or her actual learning goal. In a conventional linear
text, however, the author guides the reader through the learning topic. Moreover, a
hypermedia environment requires further strategic decisions by learners as the student has
to choose permanently not only between various text nodes, but also between distinct
information presentation formats (e.g. information codality: description vs. depiction, cf.
Schnotz and Bannert 2003, and information modality: visual vs. auditory information (see
Low and Sweller 2005). Although this assumption of higher metacognitive demand of
hypermedia environments is often postulated, comprehensive empirical validation is still in
progress. Despite this gap in research between the metacognitive demands of hypertext
versus traditional text, it is well founded that many students have difficulties in performing
appropriate strategic and metacognitive learning behaviour (e.g. Pressley et al. 1987, 1989;
Simons and De Jong 1992). Thus, the general aim of the research project is to provide
suitable scaffolding for metacognitive reflection when learning with hypermedia. Though
strongly related, the aim of this paper is clearly different as it focuses not on support, but
rather on assessment issues of metacognition.

In recent research on metacognition, a distinction between metacognitive knowledge and
metacognitive skills has been made (e.g. Hasselhorn 1992; Schraw 2001). On the one hand,
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metacognitive knowledge refers to the individual’s declarative knowledge of learning
strategies, person and task characteristics which are relevant mastering a specific situation
(Flavell and Wellman 1977). On the other hand, metacognitive skills refer to the control,
monitoring, and self-regulation activities that take place when learning and solving
problems (Brown 1978). In our research, the focus lies on the second component of
metacognition, i.e. the student’s metacognitive skills during hypermedia learning.

According to relevant research, it is assumed that successful learning with hypermedia or
web-based environments is not a matter of trial and error, but rather a set and specific
sequence of metacognitive activities which have to be performed (e.g. Astleitner 1997;
Schnotz 1998). This research suggests that a successful learner performs different
metacognitive activities when learning with hypermedia, as visualised in Fig. 1. Therein,
a self-developed model is presented which summarises existing assumptions and models of
metacognitive skills and serves as the main theoretical framework for this study. One has to
keep in mind that at the current state of the art, the model is hypothetical rather than
empirically validated and, thus, should be interpreted as a proposal for future hypermedia
learning research. In addition, as it is based on learning and metacognition with traditional
linear text (Pressley 2000; Pressley and Afflerbach 1995; Schnotz 1998) it includes
processes which are also performed in other learning contexts. According to this
hypothetical model, a successful learner analyses the situation first before he or she starts
with the execution of information processing. He or she will orientate him- or herself by
glancing over task, instruction, and resources (“What is there to do?,” “What resources do I
have?”), specify the learning goals or even break them down into sub-goals (“What should
I know afterwards?”) and plan the ongoing procedure (“Which sequence?,” “How much
time is available?”). Based on this analysis, the student has to search for the relevant
information and—especially crucial for web-based learning—judge whether the informa-
tion found is really relevant to reaching the learning goals. He or she then has to extract the
information (it may not be necessary to process all the information presented in one link)

Performance
recall

comprehension

 orientation 
   planning 

goal 
specification 

search and
judgement 

extraction 
processing 

control

Learning  
enviroment 

Task 

  Hypermedia 
Characteristics 

Context

Learner’s 
characteristics 

   Motivation 

Metacognition 

Cognition 

monitoring

Fig. 1 Model of metacognitive activities during hypermedia learning
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and to elaborate on it (deep processing). After learning, he or she has to evaluate the
learning outcome, again with respect to the learning goals (“Have I achieved all learning
goals?,” “Did I comprehend the subject matter?”). These activities are constantly monitored
and controlled.

This hypothetical learning process is determined by the learner’s characteristics, such as
prior knowledge, metacognitive knowledge and skills, cognitive ability (Pressley et al.
1987, 1989), and also motivation, which is highlighted in current research on the one hand
(e.g. Boekaerts 1997; Schneider 1996). On the other hand, external conditions also play a
crucial role, for example, the task characteristics or the specifics of the hypermedia system
(hierarchical structure, existence of a navigational menu or map, guided tour, glossary etc.)
and the context (Astleitner 1997).

Recent research on hypermedia learning reveals that many learners have difficulties in
performing these metacognitive activities spontaneously, which most probably results in
lower learning outcomes (Balcytiene 1999; Bannert 2003; Brenstein and Schellhas 1998;
Hill and Hannafin 1997; Lawless and Brown 1997; McManus 2000; Rouet and Levonen
1996). Recently, efforts have been made to develop effective metacognitive instructions
urgently demanded by other researchers (e.g. Jacobson et al. 1996; Kramarski and Feldman
2000). However, in order to evaluate the metacognitive instruction’s effectiveness, one
needs valid assessment methods to identify whether the metacognitive skills that have just
been explicated are really performed. The empirical studies cited above use different
methods to assess metacognitive strategies, mainly questionnaires (McManus 2000) and
interviews (Balcytiene 1999; Brenstein and Schellhas 1998). The explorative study by Hill
and Hannafin (1997) employs think aloud protocols to qualitatively assess the use of
learning and metacognitive strategies. Due to the huge effort of scoring verbal protocols,
data of only four participants are reported in their study. In the next section, think aloud as
one method to assess the use of metacognitive skills is described in more detail.

Verbal data as on-line assessment of metacognition

In his recent review, Veenman (2005) classified metacognitive skill assessment methods as
off-line and on-line methods. Depending on the moment they are conducted, he
distinguishes off-line methods, which are performed prospectively or retrospectively to
learning, from on-line methods, which are conducted concurrently during learning.
Prospective and retrospective assessments are usually obtained by questionnaires and
interviews and often fail to predict learning outcome. Therefore, for assessing metacog-
nitive skills in particular, he recommends on-line methods, which are more accurate and
valid. In the following, we use the definitions of off-line and on-line as proposed by
Veenman. Beyond the methods discussed by Veenman (2005), judgements of knowledge
are used in research on metamemory and metacomprehension. Pintrich et al. (2000) include
these judgements of knowledge in the term ‘on-line,’ whereas Desoete et al. (2003) use the
term ‘off-line’ for these judgements. For a systematic review of pros and cons of
assessment methods available, see Veenman (2005), Winne and Perry (2000), and Pintrich
et al. (2000).

When assessing metacognitive skills during hypermedia learning, concurrent assessment
could be conducted with systematic observations via logfile or eye movement analyses or
verbalisation methods. Among these, verbalisation methods are the only ones that allow a
glimpse into the participant’s mind during learning, whereas data from eye movements or
logfiles concern behaviour and, thus, the cognitions and metacognitions underlying the
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behaviour have to be interpreted by the researcher. For example, a category system is built
to obtain an indicator of deep orientation activities, indicated by the amount of time a
subject spends on the content table or the index (Beishuizen and Stoutjesdijk 1999). Thus,
the data obtained are interpreted as the amount of metacognitive orientation activity. In
contrast, data from think aloud protocols gives insight into the mind of the person whilst the
content table or the index are on the screen, and can thus be categorised as metacognitive
orientation involving less interpretation than data from logfiles. Data from the recording of
eye movements lie somewhere in between, because they indicate what part of the screen the
person is looking at, but, similarly to logfiles, the data render no information about what
comes to the mind of the person while looking at the information presented on that part of
the screen. Because data from logfile and eye movement methods need more interpretation
than data from think aloud protocols with respect to metacognitive activities (e.g.
Beishuizen and Stoutjesdijk 1999; Prins 2002; Veenman 1993), the focus in this study
lies on the on-line verbalisation method of thinking aloud.

Thinking aloud method

When the thinking aloud method is employed, participants are asked to talk aloud during
thinking, problem solving, and/or learning, and these verbal protocols are analysed by
means of coding schemes (Afflerbach 2000; Chi 1997; Ericsson and Simon 1993; Pressley
and Afflerbach 1995; van Someren et al. 1994). The aim is to identify cognitive and
metacognitive processes underlying task performance in different subject areas and
contexts. Although this method is frequently used in psychological and educational
research, it has been criticised from the very beginning till today (see Afflerbach 2000;
Crutcher 1994; Nisbett and Wilson 1977; Payne 1994; Russo et al. 1989). To summarise,
this criticism mainly concerns two problems. The first one refers to the question of the
reactivity of the method: Is the process of thinking altered throughout the method of think
aloud because thinking aloud needs resources of the cognitive system that could otherwise
be used for the primary task? The second problem refers to the completeness of the verbal
protocols: Are the protocols obtained by think aloud procedures complete, or is any
information about the cognitive processes missing? The model by Ericsson and Simon
described very briefly in the next section is helpful when dealing with these two questions.

Ericsson and Simon’s model

To answer the questions above, it is useful to distinguish between three different types of
verbal data, as proposed in the model by Ericsson and Simon (1993, p. 16ff): talk aloud
(level 1 verbalisation), think aloud (level 2 verbalisation), and verbalisation procedures that
involve mediating processes before verbalisation (level 3 verbalisation), e.g. introspection
or reflection. In short, these methods differ in the ways the verbal reports are obtained (see
the section below). The model by Ericsson and Simon is based on models of human
cognitive architecture which assume that human knowledge is stored in different buffers
(Anderson 2004): In the sensory register (SR), the information is encoded into an internal
form and is stored very briefly. Most information is lost quickly, only a small amount of
information enters the short term memory (STM) by means of attention. The STM is the
active and conscious part of the memory system and is limited in capacity and duration. It
holds information only for a short time. Information is bumped out by new information or
fades away. By means of rehearsal or elaboration processes, information will attain to the
long-term memory (LTM). The LTM permanently stores all information which is not
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immediately used. To process this information, it has to be retrieved into the STM. According
to this cognitive model, only the conscious content of the STM/working memory can be
verbalised. The content of the LTM, however, can not be verbalised directly, but first has to
be retrieved back into the STM. Furthermore, the automatic processes can not be verbalised.

With regard to different kinds of intermediate processes between information access and
verbalisation, Ericsson and Simon (1993) distinguished three types of verbal data
mentioned briefly before. They are described in more detail in the following because they
require different types of instructions and, furthermore, they affect the underlying cognitive
processes in a different way. Consequently, both aspects have to be considered carefully
when choosing the assessment method, regardless of whether it will be applied in a
nonlinear or linear learning environment.

& Level 1 verbalisation: At this level, the participant says the verbally encoded content
of his or her STM out loud without any specific effort or intermediate processes.
Thus, the conduction of the primary task is not affected at all; there are neither
changes in cognitive processes, nor performance effects. Ericsson and Simon (1993)
called this first verbalisation level Talk Aloud.

& Level 2 verbalisation: At this level, mediation processes take place as the STM
content has to be verbally encoded in order to explicate it because the content is not
encoded in a verbal form originally, but e.g. in a figural one. This verbal encoding or
explication requires processing time, leading to longer time for the task and probably
for short pauses whilst speaking. However, according to Ericsson and Simon, it does
not affect the structure of the cognitive processes for performing the primary task.
Ericsson and Simon called this second verbalisation level Think Aloud.

& Level 3 verbalisation: At this level, mediation processes are necessary as the
participant has to explain his or her thoughts, ideas, or motives. These additional
interpretative processes require not only more processing time, but much more
importantly, may change the cognitive processes compared to cognitive processes
without verbalisation. Information from the LTM has to be retrieved and linked with
the content of the STM in order to draw inferences. Additionally, decisions as to
whether the information in the STM should be verbalised or not have to be made
with so-called filtering processes. Since this verbalisation is “not simply a recoding
of content already present in STM, but requires linking this information to earlier
thoughts and information attended to previously” (Ericsson and Simon 1993, p. 79),
it will affect the primary task performance.

In order to obtain these different verbal reports, one has to formulate the verbalisation
instruction with care. For level 1 and level 2 verbalisations, students have to be instructed to
say every thought out loud which comes into their mind during task performance without any
interpretation, explanation, or judgement. In case of silence, the participant is prompted by
the experimenter “to continue thinking aloud” or “to keep talking.” In comparison, for level 3
verbalisations, students have to be instructed to reflect, which can be formulated differently,
depending on the specific aim of the study. For example, a participant could be instructed to
say out loud why he or she considered certain information or to explain how he or she solved
the problem. Often, this important formulation difference is mentioned without caution in
hypermedia research and, thus, methodology artefacts may occur (e.g. Davidson-Shivers et al.
1997, 1999). We would like to point out here that according to the model by Ericsson and
Simon aiming at the identification of spontaneous use of metacognitive skills, only level 1
and 2 verbalisation instructions are adequate on-line assessment methods, because all
instructions requiring reflection and/ or filtering lead to level 3 verbalisations. Consequen-
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tially, the major importance of Ericsson and Simons’s model with respect to metacognitive
on-line assessment is that the (meta)cognitive processes are altered throughout the specific
verbalisation method used. To test this assumption empirically, one part of the participants in
this study was asked about reflections at certain times while they performed a task.
Subsequently, we will refer to this method as reflect when prompted. Table 1 summarises the
main evidence and implications for learning performance on these three verbalisation levels.

The problem of consciousness

Although talk aloud, think aloud, and reflect when prompted require a certain amount of the
participants’ verbal ability, most participants learn easily to say their thoughts out loud and,
respectively, their reflections within a few minutes (Ericsson and Simon 1993, see also
Pressley and Afflerbach 1995). However, one has to keep in mind that according to the
model by Ericsson and Simon, only conscious activities can be verbalised. Therefore,
unconscious processes taking place during learning can not be assessed by these verbal
methods. In the case of assessing metacognition, this is not really a problem for those
researchers who claim consciousness to be a major characteristic of metacognition (e.g.
Garner 1988; Paris et al. 1983). However, other researchers argue that metacognitive
processes may not be conscious or statable in many learning situations (e.g. Brown 1978;
Reder 1996) because they are often highly automated or developed without any conscious
reflection. Recently, most researchers’ definitions lie in between (e.g. Baker 1994;
Schneider and Weinert 1990; Schnotz 1992; Veenman 1993): Metacognition is conscious
or at least accessible to consciousness when difficulties during task performance such as
comprehension problems or errors occur.

Empirical findings of studies investigating different verbalization methods

In some studies, the effects of verbalisation methods on learning process and learning
outcome were analysed empirically (for an overview, see Ericsson and Simon 1993; van
Someren et al. 1994), however, without explicit focus on hypermedia learning. In their
review, Ericsson and Simon (1993, p. 106) conclude: “When the instructional procedures
conformed to our notion of Level 1 or Level 2 verbalization, the studies gave no evidence
that verbalization changes the course or structure of the thought processes.” De Jong (1987)
assessed metacognitive skills by using two different thinking aloud methods. One of them
involved participants being instructed to think aloud constantly, whereas the other one
involved them being prompted to think aloud only at marked points. In conclusion, data
produced by both on-line methods predicted learning outcomes much more accurately than
scales of the off-line questionnaire. Unfortunately, statistics of verbalisations obtained by

Three levels of verbalisation Effects

1. Talk aloud No performance effects
→ No intermediate process

2. Think aloud Time, but no performance
effectsVerbal encoding process

→ Longer processing time
3. Reflect when prompted Time and performance effects
Inference, filtering, verbal encoding
→ Changes cognitive processes

Table 1 Levels of verbalisations
and their effects on learning
performance
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means of the instruction to think aloud constantly vs. markedly were not reported.
Nevertheless, De Jong recommended the instruction method of thinking aloud constantly
for assessing metacognitive skills. Students often feel more disturbed when instructed with
marked prompts compared with constant thinking aloud, leading to less acceptance (see
also Drewniak 1992). In a similar study, Crain-Thoreson et al. (1997) analysed the effects
of constant thinking aloud vs. marked thinking aloud vs. reading aloud. In conclusion, these
three methods did not procure different learning outcomes. In Veenman’s (1993)
experiment, the participants of the group that thought aloud continuously reached similar
learning scores compared with the participants of the control group that learned silently.
However, participants of the thinking aloud group needed more time to perform the
learning task. These results correspond with the assumptions of level 2 verbalisations as
stated by Ericsson and Simon (1993).

However, there are also empirical studies that have demonstrated an influence of the
thinking aloud procedure on cognitive processing and task performance. For example,
thinking aloud altered the performance in choosing gambles and computing simple
additions, but not in solving anagrams and Raven’s matrices (Russo et al. 1989). Russo and
colleagues considered thinking aloud a secondary task which taps additional cognitive
resources which, in turn, would decrease primary task performance. Moreover, Schooler et
al. (1993) explained the lower problem solving scores which they had obtained in the
thinking aloud group with interference processes. They argued that the thinking aloud
procedure verbally overshadows the insights necessary to solve problems, especially when
solving insight problems.

Because the effects of on-line metacognitive assessment methods on learning processes
and metacognitive activities are still a question of research, some authors recommend
controlling their effects by using a control group design, i.e. including a group of
participants learning without verbalisation (e.g. Russo et al. 1989). Furthermore, other
researchers recommend multiple method designs by using different assessment methods
simultaneously (e.g. Beishuizen and Stoutjesdijk 1999; Veenman 2005).

Reflect when prompted as a tool for metacognitive support

To sum up the main theoretical and empirical evidence, methods using level 3 verbalisation
(e.g. reflect when prompted) are not recommended for assessing student’s spontaneous use
of metacognitive skills because of their reactivity to the (meta-) cognitive processes and,
thus, possible method artefacts. However, in metacognitive training, the method of
reflection prompts seems to be an adequate intervention as it prompts students to reflect
upon their learning process and to apply their metacognitive skills. The prompting focuses
students’ attention on their own thoughts and on understanding the activities they are
engaged in during the course of learning. Hence, it is assumed that prompting students to
reflect upon their own way of learning will allow them to activate their repertoire of
metacognitive knowledge and skills, which will further enhance hypermedia learning and
transfer (e.g. Lin et al. 1999; Lin and Lehman 1999).

Research questions and hypotheses

The aim of this study is to experimentally analyse the effects of two on-line verbalisation
methods of metacognitive skills assessment on learning performance during hypermedia
learning. Furthermore, the method’s effects on retrospective judgements of learning process
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and perceived disorientation during learning are investigated. Based on the research
sketched above—especially the distinction of three different verbalisation levels postulated
in the model by Ericsson and Simon (1993)—this study will mainly address two research
questions.

The first question is whether the on-line method of metacognitive skills assessment will
influence learning performance. According to the model by Ericsson and Simon (1993), it
is hypothesised that learning performance is influenced by the type of verbalisation method
used. Because level 3 verbalisations obtained with instructions to reflect when prompted
may change the (meta-) cognitive processes, this on-line method should significantly alter
learning performance. Further, theory of metacognition in hypermedia learning suggests
that the processes are altered in a manner that increases the learning outcome via a higher
metacognitive awareness. Generally, according to Ericsson and Simon’s model, there
should be no differences in process between the thinking aloud group and the control group
with no thinking aloud instruction. However, as thinking aloud requires more processing
time, less learning outcome may occur when both groups learn within the same fixed time
interval. In short, the learning performance of the reflection when prompted group should
be significantly better compared with the performance of the control group and the thinking
aloud group. There may be performance differences between the last two groups due to
time constraints.

The second research question of this study refers to the effects of the on-line method of
metacognitive skills assessment with respect to the learning process, student’s perceived
interruption and perceived disorientation during hypermedia learning. According to
research in metacognition and hypermedia learning, it is assumed that metacognitive and
strategic activities during learning will increase when students are prompted to reflect on
metacognitive and strategic aspects during learning (e.g. Lin et al. 1999; Lin and Lehman
1999; Simons and De Jong 1992; van den Boom et al. 2004; Veenman 1993). This
assumption is also supported by Ericsson and Simon’s (1993) model which—as presented
above—postulates (meta-)cognitive processes altered by level 3 verbalisations, respectively
reflection when prompted verbalisations. Thus, with respect to the learning process, it is
hypothesised that the reflect when prompted group should report upon significantly more
strategic and metacognitive activities immediately after learning than the thinking aloud and
the control groups. In addition, student’s perceived disorientation should be decreased in
comparison to the thinking aloud and control groups because the higher metacognitive
awareness induced by the reflect when prompted instruction should correspond with a
better orientation. Nevertheless, participants in the reflect when prompted group should
judge this verbalisation method as more interrupting. Although participants usually become
easily automised with the thinking aloud procedure, students in the thinking aloud group
should also report upon more interruptions during learning than the control group which
was not instructed to talk or think aloud.

Method

Sample and design

The effects of metacognitive assessment methods were analysed by means of a quasi-
experimental study. To investigate the research questions, data from 70 university students
participating in two different studies, counterbalanced according to prior knowledge,
metacognitive knowledge, verbal intelligence, and motivation, were re-analysed. Table 2
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presents the sample descriptions and confirms the samples’ comparability with the aid of
inference statistics.

The original aim of Study 1 was to investigate the relationship between students’
metacognitive skills used spontaneously during hypermedia learning, learning process, and
learning performance (Bannert 2005; Mengelkamp 2001). Metacognitive activities were
subjected to a multiple measurement by means of the on-line thinking aloud method as well
as with an off-line retrospective questionnaire. Students in this group, referred to as the
thinking aloud group (n1=24), were instructed to follow the on-line level 2 verbalisation
method postulated by Ericsson and Simon (1993), i.e. to read and think aloud during
hypermedia learning without being asked to give any explanation or interpretation.

The primary aim of Study 2 was to experimentally investigate the effects of reflection
prompts with respect to hypermedia learning process and learning performance (Bannert
2006; Weinand 2003). Students in the group referred to as the reflection when prompted
group (n2=24) were prompted at each navigation step in the hypermedia system to name the
reasons why they had chosen this specific information node out loud, whereas the control
group (n3=22) learned silently, i.e. without reflection prompting and without thinking aloud.

The two studies differ only with respect to the different on-line assessment instructions
described above (Study 1: thinking aloud—level 2 verbalisations, Study 2: reflect when
prompted—level 3 verbalisations vs. control group—no verbalisations). Students participat-
ing in study 2 were allocated randomly to the reflect when prompted and the control group.
The data listed in Table 2 statistically support the samples’ comparability in variables that
may potentially have an influence on the learning outcome and/or on the metacognitive
processes during learning. Since learning procedure and materials, learning instructions,
learning time, instruments, etc. were identical, data of both studies were re-analysed quasi-
experimentally with regard to group differences arising from different on-line verbalisation
methods. Thus, a total data of 70 undergraduate university students majoring in different
fields (mean age=24.20, SD=4.88; female: 84.3%) were analysed. As mentioned above, the
three verbalisation groups did not differ regarding learner characteristics.

Table 2 Sample descriptions

Study 1 Study 2 F(2,67) p

Think aloud
(n=24)

Reflection when
prompted
(n=24)

Control group
(n=22)

M (SD) M (SD) M (SD)

Age 24.04 (4.23) 24.17 (4.78) 24.41 (5.80) 0.032 0.968
Semester 4.04 (2.60) 3.00 (2.89) 3.91 (2.84) 0.965 0.386
Prior knowledge 7.83 (3.82) 7.58 (4.64) 7.23 (3.61) 0.129 0.880
Verbal intelligence 26.58 (5.43) 27.38 (4.92) 27.32 (3.08) 0.216 0.806
Motivation for
achievement

7.46 (2.60) 7.17 (2.46) 8.64 (2.92) 1.939 0.152

Fear of failure 8.88 (3.86) 8.92 (3.88) 7.86 (3.81) 0.543 0.584
Metacognitive and Strategic Activities
Orientation, planning 3.71 (0.83) 3.79 (0.70) 3.73 (0.83) 0.055 0.946
Monitoring/ regulation 4.83 (0.64) 4.72 (0.76) 4.50 (0.56) 1.504 0.230
Organisation 4.72 (0.99) 4.50 (0.80) 4.56 (0.76) 0.414 0.663
Elaboration 4.49 (0.82) 4.44 (0.86) 4.33 (0.89) 0.207 0.813
Rehearsal 2.52 (0.67) 2.49 (0.76) 2.66 (0.87) 0.318 0.728

48 M. Bannert, C. Mengelkamp



Procedure and material

As visualised in Fig. 2, learner’s characteristics were obtained by questionnaire about
1 week before the participants started learning. Prior knowledge was measured with a self-
developed multiple-choice test, metacognitive knowledge with a modified version of the
LIST questionnaire (Wild et al. 1992), verbal intelligence with the IST 2000 (Amthauer
et al. 1999), and motivation for achievement and fear of failure with the LMT (Hermans
et al. 1978). The LIST questionnaire is normally used to assess the use of learning strategies
during the course of university studies in general. The modification mainly consisted in
describing a specific learning setting regarding which the items have to be answered. Before
the students filled in the questionnaire, they were instructed to imagine learning a complex
text for an examination under time pressure conditions and answering all items in regard to
their assumed behaviour in such a situation. This was similar to the situation the students
were in 1 week later when the hypermedia learning session took place. Because of this
modification, some LIST-scales (e.g. learning with fellow students or searching for literature)
were no longer suitable and, thus, were eliminated from the questionnaire. This modification
did not affect the factor structure and the scales’ reliabilities (see Bannert 2007).

Each study began with an introduction phase. First, students were shown how to navigate
in the hypermedia programme which took place by means of html-scripts using the Netscape
explorer. Afterwards, they were introduced to the method of reading and thinking aloud
(EG1) or to the method of reflect when prompted (EG2). In order to practice verbalising, they
had to carry out several search tasks using a similar programme to the one in the learning
session.

Following this, the learning session began. Students had to learn specific concepts and
principles of operant conditioning within a fixed time interval of 30 min. The thinking
aloud group (EG1) had to read and think aloud constantly. In case of silence, the participant
was prompted by the experimenter to continue reading and thinking aloud. The participants
in the reflect when prompted group (EG2) were prompted to reflect on their navigation
steps. That is, with every navigation step, respectively node selection, they were prompted
to name the reasons why they had chosen this specific information node. In case of silence,
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the participant was prompted by the experimenter to name his or her reasons for node
selection out loud. Participants of the control group (CG) learned silently without any on-
line verbalisation method instructions. The students were completely free in navigation.
Each learning session was videotaped.

In the testing phase which took place immediately after learning, students first had to
judge interruptions perceived during learning and then to fill in a questionnaire about
perceived disorientation. The disorientation questionnaire contained the translated items of
the Scale of Perceived Disorientation developed by Beaseley and Waugh (1995).
Afterwards, learning outcome was measured with self-constructed tests. Finally, strategic
learning behavior was assessed retrospectively by using another modified version of the
LIST questionnaire (Wild et al. 1992). This time, the items were re-formulated to assess the
learning process that had ended just before retrospectively. Scales concerning time
management, effort, and concentration were eliminated because they are not suited to
assess learning strategies during learning for 30 min retrospectively, but rather global
strategies or learner characteristics. The studies were conducted in individual learning
sessions and each took about 1 1/2 h.

The hypermedia learning environment consisted of 44 nodes with about 12,500 words,
19 pictures/ diagrams, and 240 links in total. The part to be learned involved 9 nodes,
including 2,300 words, 3 pictures and 60 links. Navigation was made possible by using the
hierarchical navigation menu, the forward- and backwards-buttons on each node and the
hotwords directly placed in the text.

Results

Instruments

In Table 3, descriptions of the questionnaires’ scales used for further analyses are presented.
Learning Performance was measured with paper–pencil-tests. Free recall was operationalised
by counting the basic terms and concepts students wrote down on a blank sheet of paper
(max=55). Knowledge attained was measured with a multiple-choice test including 22 items,
each with one correct and three false alternatives, and as a fifth alternative the option “do not
know.” A correct answer was rewarded with one point (max=22 points, α=0.70). Transfer
was measured by asking students to apply the basic concepts and principles they had just
learned to solve prototypical problems in educational settings, such as how a teacher should
behave when classroom discipline becomes problematic. Answers were rated based on a self-
developed rating scheme (max=40 points, interrater agreement—Kappa=0.84, α=0.69).

The scale of disorientation including ten translated items of the Scale of Perceived
Disorientation developed by Beaseley and Waugh (1995) reached high reliability (α=0.83).

Perceived interruptions were measured with one item, asking students in the reflect
when prompted group whether they felt interrupted by this method. Students in the thinking
aloud group had to judge their perceived interruptions arising from the thinking aloud
procedure, and participants in the control group were asked to judge whether they felt
disturbed by the video camera which was present in all three treatment groups. This item
can not assess the different reasons, but only the degree of perceived interruptions.

As described above, students judged their strategic activities during hypermedia learning
retrospectively by means of the modified LIST scales (Wild et al. 1992). Factor structure
was obtained with the same procedure (principal component analysis with varimax rotation)
and conducted separately for metacognitive and cognitive strategies. Items with high factor
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loadings on more than one factor and items with low discrimination indices were not
included in the final version of the scales. Table 3 shows the scales, all with good or at least
sufficient reliabilities. Metacognitive strategies were measured with two scales: Orientation
and Planning (α=0.76), and Monitoring and Regulation (α=0.84). These two factors
explain 45.1% of variance. For cognitive strategies, three scales were constructed
explaining 57.0% of variance: Organisation (α=0.81), Elaboration (α=0.83), and
Rehearsal (α=0.76). Reliabilities of the cognitive scales are equal to or even higher than
those of the LIST (Wild et al. 1992; Schreiber 1998).

Learning performance

It was assumed that students learning with reflection prompts would achieve better learning
outcomes compared with the control and thinking aloud groups. At the end of the studies,
learning performance was measured by means of recall, knowledge and transfer tasks.

Table 4 presents the mean performance scores for each treatment group. Although the
reflection when prompted group achieved higher knowledge and transfer performance,
these differences are not significant, as supported by the results of Anovas. In addition,
post-hoc comparisons based on the Tukey-HSD revealed no significant group differences.
Nevertheless, a one-tailed t test shows a significant effect between the reflect when
prompted and control groups for transfer performance, t(1,44)=3.640, p<0.05, d=0.55.
Thus, there is a tendency in favour of the reflect when prompted group.

Thus, the variation of the verbalisations method of metacognitive skills assessment had no
significant effect on recall, knowledge, or on transfer task performance and, therefore, our
hypotheses on performance effects due to the type of verbalisation method have to be rejected.

Metacognitive and strategic activities observed with the off-line retrospective questionnaire

It was hypothesised that prompting for reflection would increase metacognitive and
strategic behaviour during hypermedia learning. To test this assumption, the scales of the
retrospective questionnaires concerning metacognitive and strategic activities conducted
during learning were analysed with respect to group differences.

Table 3 Statistical descriptions of retrospective questionnaires used

Scale No. of items Cronbach’s alpha Item means Item variance

Learning performance
Free recall max 55 – – –
Knowledge 22 0.70 0.64 0.19
Transfer 8 0.69 2.34 1.18

Strategic activities
Orientation, planning 8 0.69 3.16 1.85
Monitoring/regulation 6 0.79 4.37 1.46
Rehearsal 2 0.65 3.29 1.82
Organisation 5 0.78 3.53 3.18
Elaboration 7 0.77 3.34 1.97

Perceived disorientation 10 0.83 2.65 1.41
Perceived interruptions 1 – 3.80 1.53

Recall: max=55, Knowledge: max=22, Transfer: max=40, Strategic activities, perceived disorientation,
perceived interruptions: min=1, max=6
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Table 4 contains the means of each scale calculated for each treatment group. Whereas
there are no differences regarding the metacognitive scales Orientation/Planning and
Monitoring/Regulation, scores for the cognitive learning scales clearly differ. Students
learning with reflection prompts retrospectively reported less strategic activities. According to
their ratings, they conducted less Rehearsal, Organisation, and Elaboration activities, whereas
students in the thinking aloud group judged their learning behaviour with respect to these
three activities as significantly more strategic, as shown by the results of Tukey-HSD post
hoc comparisons. In general, our hypotheses about different effects of on-line methods on
strategic learning behaviour had to be rejected since group differences do not point in the
expected direction. However, one has to keep in mind that these results are based on students’
subjective ratings. Below, they will be correlated with more objective process data.

Perceived disorientation and perceived interruptions observed with the off-line retrospective
questionnaire

Immediately after learning, students were asked to answer a questionnaire measuring
perceived disorientation and interruptions during learning. As one can see in Table 4,
ratings for perceived disorientation during hypermedia learning do not differ significantly in
the treatment groups. Thus, our hypothesis about the influence of verbalisation methods on
perceived disorientation has to be rejected.

Perceived interruptions were measured with one item asking students to rate whether they
felt interrupted by the assessment method (i.e. EG1: thinking aloud, EG2: reflection prompts,
CG: video camera). As expected, participants of the reflection when prompted group judged this
method as more interrupting (s. Table 4). Furthermore, according to a Tukey-HSD post-hoc

Table 4 Means and standard deviations of students’ learning performance, metacognitive and strategic
activities, perceived disorientation and interruption

Measure Reflect when
prompted (n=24)

Think aloud
(n=24)

Control group
(n=22)

F(2,67) p

M SD M SD M SD

Learning performance
Recallg 11.54 4.23 14.08 6.87 12.14 5.39 1.34 0.268
Knowledgeh 14.17 4.05 13.63 3.52 13.95 3.18 0.14 0.873
Transferi 20.21 4.73 18.48 5.58 17.77 3.84 1.59 0.212

Perceived disorientationj 2.67 0.77 2.77 0.71 2.40 0.71 1.48 0.235
Perceived interruptionsj 4.08a 1.50 3.75b 1.39 2.32a,b 1.46 9.47 0.000
Metacognitive and strategic activitiesj

Orientation, planning 3.18 0.72 3.09 0.94 3.22 0.62 0.15 0.864
Monitoring/regulation 4.31 0.98 4.56 0.80 4.23 0.73 1.01 0.369
Rehearsal 2.67c 1.11 3.88c 1.08 3.34 0.98 7.84 0.001
Organisation 2.76d,e 1.37 3.95d 0.99 3.90e 1.22 7.45 0.001
Elaboration 2.92f 0.87 3.64f 0.92 3.47 0.79 4.52 0.014

Significant group differences according to Tukey-HSD post-hoc comparison with p<0.05 are indicated by
letters a to f

g max=55
h max=22
i max=40
j min=1, max=6
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comparison, participants of the thinking aloud procedure also perceived more interruptions
during learning than the control group, although significantly lower in comparison to the
prompting group, as expected. Thus, our hypothesis about the degree of perceived
interruptions has been confirmed by the data. However, due to item construction, no
statements can be made about the respective reasons which may differ greatly between the
three treatment groups.

Construct validity: correlations between questionnaire and observational data

With the following explorative analysis, we investigated the construct validity of the two
different metacognitive assessment methods we applied in the present study. Students’
ratings of metacognitive and strategic learning activities measured retrospectively by means
of an off-line questionnaire (s. scales in Table 3) were correlated with the activities obtained
by the video analysis and the data regarding transfer performance.

For the reflect when prompted group (EG2, n=24) all reasons expressed for node
selections were rated by means of a self-developed coding scheme, the categories of which
were mainly deductively constructed based on the theoretical framework presented at the
beginning (in detail see Bannert 2006). First, the statements were transcribed, and then their
quality was rated by means of the coding scheme. All coding was conducted by a trained rater
and took about 3 h per participant. In case of ambiguous statements, a second trained rater
was consulted to conduct the final coding. For each participant, a global score for adequate
strategic and metacognitive reasons was calculated by adding all strategic statements together.
On average, 17 statements (M=16.6, SD=6.66) were coded as strategic reasons for node
selection. This score correlates significantly with transfer performance (r=0.49, p=0.015), but
not with any scale of the strategic learning questionnaire (listed in Table 3).

Similarly, video protocols of the thinking aloud group (EG1, n=24) were analysed by
means of a different coding scheme also based on the theoretical framework (in detail see
Bannert 2004). Here, the video-protocols were analysed with respect to which quality the
students actually performed different activities in, visualised in Fig. 1 (Orientation &
Planning, Goal Specification, Search & Judgement, Processing, Control, Monitoring).
Maximum scoring for each strategic activity was two, and minimum scoring was zero. For
example, when students articulated and performed planning activities by reflecting what to do
next, and even wrote down the plan, they received two points, and no points when they did
not show this activity during learning at all. One point was given to those who did not
perform planning activities such as these in the optimal manner. Interrater agreement of two
independent raters was Kappa 0.79. For each participant, a global score for adequate
metacognitive activities was calculated by means of all six coded activities (M=0.90; SD=
0.50). This score also correlates significantly with transfer performance (r=0.56, p=0.005),
but not with any scales of the questionnaires except the elaboration scale (r=0.54, p=0.006).

In a nutshell, questionnaire scales do not correlate with the learning performance data.
Thus, our observational data is a much better predictor for learning performance and,
moreover, does not correspond with the scales of the retrospective questionnaire (except for
the elaboration scale in the thinking aloud group).

Discussion

In regard to the assumptions derived from the research on metacognition (e.g. Pressley et al.
1987, 1989; Schraw 2001; Veenman 2005), hypermedia learning (e.g. Bannert 2007; Lin
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and Lehman 1999; Schnotz 1998), and the thinking aloud methods in particular sketched
above (Ericsson and Simon 1993; Pressley and Afflerbach 1995; van Someren et al. 1994),
our hypotheses were only partly confirmed by the results. Although participants who were
instructed with reflection prompts achieved a marginally better transfer performance,
varying the on-line verbalisation assessment method had no significant effect on learning
outcomes. In line with Ericsson and Simon’s (1993) approach, no performance differences
were obtained for the thinking aloud and control groups, even though learning times were
fixed for all treatment groups and, therefore, some effect could have occurred because level
2 verbalisation slows down cognitive processes slightly. However, the thinking aloud
procedure conducted during hypermedia learning did not decrease the learning outcome.
This result offers valuable clues for future research. Often, the thinking aloud method is not
used as a metacognitive assessment method due to the question of its underlying reactivity
(Russo et al. 1989; Schooler et al. 1993). Although we can not firmly conclude from the
results of this study that thinking aloud does not affect metacognitive processes, we can,
however, definitely conclude that thinking aloud does not affect learning performances
relatively to the control condition. We interpret this as indirect evidence that thinking aloud
does not interfere with metacognition and, therefore, we recommend this type of
verbalisation as a sensitive metacognitive on-line assessment method.

In the present study, the students were not prompted to reflect on certain aspects, but could
give any reason for card selection. Presumably, reflection when prompted requiring
metacognitive reasons and statements would have shown an increase in the expected
learning performance. However, this speculation has to be investigated in a follow-up study
based on the same methodological approach. In this context, the question of the suitable point
of time to prompt successfully should also be investigated. The amount of navigational steps,
respectively card selections, which have to be reflected on within a specific period of time
could presumably have a negative impact on learning motivation and hinder strategic
learning. As research is lacking, we want to experimentally manipulate the time- or
behaviour-based interval for prompting in order to be able to give recommendations for more
adaptive learner-centred prompting.

As expected, participants in the reflection when prompted group judged this method as
more interrupting. This result corresponds with other studies in some respects, with
participants being prompted to think aloud not continuously, but rather at certain times,
such as every 5 min (e.g. Drewniak 1992) or after reading a few sentences (De Jong 1987).
In these two studies, students felt particularly disturbed in the case of this so-called time-
marked prompting. Although one has to keep in mind that the comparison between these
studies is not really valid because our study used the prompted to reflect verbalisation
method, whereas the other two studies used the prompted to think aloud verbalisation
method, we decided to prompt students at each new card selection in order to reduce this
feeling of interruption. We assumed this method would disturb the reading and learning
process less compared with fixed time interval-prompting. On average, participants in the
reflect when prompted group selected one node selection per minute which had to be
accompanied by a reflection statement. Again, this is also incomparable to Drewniak’s
procedure of prompting every 5 min. What is more, we also assumed that our prompting
method would interfere with students’ learning according to the model by Ericsson and
Simon (1993), which is confirmed by our data.

However, perceived disorientation during hypermedia learning was not affected by the
verbalisation method. Effects of the reflection when prompted method on metacognitive
and strategic activities even went in the opposite direction to what we had expected.
Participants in the reflection when prompted group reported less strategic activities in the
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questionnaire, especially compared with the participants in the thinking aloud group. At
first glance, this could be interpreted as a strong concentration on card selection which each
had to be reflected on by making at least one statement, which may impede on strategic
learning activities. However, one has to keep in mind that learning performance—which
requires strategic activities—is marginally better in the reflection when prompted group.
Indeed, to test this assumption, further research using additional on-line measures is
required, such as logfile or eye-movement methods. Based on this kind of mixture of on-
line methods, one could find out whether the reflect when prompted group actually
perform less, and the thinking aloud group actually perform more strategic learning
activities.

Finally, in accordance with Veenman’s (2005) recent review, there was no significant
correlation between the scales of the questionnaires and activities obtained by the protocol
analysis. Moreover, no significant correlation was obtained for self-report data and learning
performance. One interpretation could be that the questionnaire data reflects the amount of
metacognitive and cognitive strategic activities quite well, and therefore is a valid
instrument with respect to quantity of strategic behaviour. But we hypothesise that quality
of strategic behaviour during learning is not measured adequately with questionnaires. For
example, a student may report accurately that she monitored a lot during learning, but may
not be aware of the low quality of her monitoring which may be taking place in inadequate
phases of learning or may lead to her judging something as understood that was, in fact,
misunderstood, etc. In contrast, the data obtained by think-aloud and reflect when prompted
methods indicate the quality of metacognitive strategic activities, as these data are obtained
by judging the appropriateness of the strategy with respect to the hypothetical model of
“ideal learning” described at the beginning of the paper. This assumption would explain
why there is no correlation between the questionnaire data and the data obtained by
verbalisation methods (excepting elaboration in the think-aloud group). Further, this
hypothesis explains why there is no significant correlation between questionnaire data and
learning performance, but a correlation between data stemming from verbalisation methods
and transfer performance. For future research, the assumption that questionnaires are
indicators of quantity of metacognition, whereas verbalisation methods allow coding of the
quality of metacognition, has to be reconsidered.

Thus, although it is rather time-consuming, it is necessary to include such on-line
process analyses in further research on metacognitive skills assessments and in-depth
evaluation of metacognitive support. According to the results of the present study, the
thinking aloud methods based on level 1 and level 2 verbalisations do not seem to
significantly affect meta-/cognitive processes during hypermedia learning. Our interpre-
tation of comparable learning performance as indirect evidence for the non-reactivity of
thinking aloud with metacognition certainly has to be investigated in a more direct
manner.

In a broader sense, this research suggests activating student’s metacognitive skills during
hypermedia learning (e.g. Bannert 2004, 2006). Prompting methods, such as reflection
prompts, seem to be effective instructional measures, especially for students who already
possess these skills, but who do not perform them spontaneously (so-called production
deficit, e.g. Hasselhorn 1995). However, for students lacking metacognitive competence
(so-called mediation deficit), extensive training is necessary, which could also be
accompanied by metacognitive prompting. Regardless of which kind of metacognitive
instruction is adequate in respect to target groups and specific learning contexts, valid
methods are needed to assess the student’s metacognitive activities during learning. Based
on this study, we recommend the talk and thinking aloud method.
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