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Abstract

For effective self-regulated learning with problem-solving tasks, students must accu-

rately assess their performance and select a suitable next learning task. However,

most students struggle with this. Recent research shows that self-assessment and

task-selection skills can be trained through video modeling examples (SATS-training).

However, the limited research available suggests that students struggle to transfer

trained task-selection skills to other problem-solving contexts. We investigated

whether guidance in the form of prompts (stating that the task-selection procedure

can be adapted and used) or explicit instruction (on how the procedure can be

adapted) would improve task-selection accuracy on transfer tasks with this guidance

available and on later, unguided transfer tasks. Explicit instruction significantly

enhanced task-selection accuracy compared to prompts and a no-guidance control

condition on guided transfer tasks, but not on unguided transfer tasks. Thus, it

remains a question how to lastingly improve transfer of task-selection skills also in

the absence of guidance.
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Problem-solving tasks form the backbone of STEM curricula

(Science-Technology-Engineering-Math). Students' ability to self-

regulate their learning with problem-solving tasks is important as

learners generally practice during self-study sessions at school or at

home in the absence of teachers. During these (online) self-study

sessions, learners have to decide which tasks to practice, when

they need more instructional support, and when they master tasks

well enough to quit practicing or move on to more difficult tasks.

This requires learners to accurately monitor (i.e., self-assess) their

performance after completing a task, and to use this information to

control (or regulate) subsequent learning activities by selecting a

fitting new task (i.e., task-selection). For effective task-selection,

learners not only have to consider their current performance level

but also the task characteristics: Selecting tasks at an appropriate

level of complexity and deciding how much (built-in) support they

need (e.g., [partially] worked examples/hints/feedback, depending

on the learning environment) given their current performance (van

Gog et al., 2020). For example, a student who has performed well

on a task can move on to a task that is somewhat more complex or

has less built-in support (within their zone of proximal develop-

ment; Vygotsky & Cole, 1978). However, learners often select tasks

that are not adapted to their current level of performance, which

leads them to practice with tasks that are either too easy or too

complex, and ultimately hampers their learning (van Gog

et al., 2020). Therefore, it is necessary to investigate how task-

selection skills can be improved.
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1 | TRAINING TASK-SELECTION SKILLS

Earlier studies have shown that task-selection skills can be trained

through video modeling examples (Kostons et al., 2012; Raaijmakers,

Baars, Schaap, et al., 2018). Moreover, such training prior to a

self-regulated learning phase also improved the domain-specific learn-

ing outcomes. Participants in the training condition received a Self-

Assessment and Task-Selection (SATS) training, in which they

observed four video examples of models solving a five-step hereditary

biology problem; rating how much mental effort they invested in solv-

ing the problem; self-assessing performance (assigning points for cor-

rectly performed steps); and using the self-assessed performance and

invested mental effort rating to select a new task from a database,

using a simple algorithm that specified the column from which to

select a new task. The database included tasks with varying levels of

complexity and instructional support.

Participants who received the SATS-training before engaging in a

self-regulated learning phase, in which they had to choose eight biol-

ogy tasks from the database, made more accurate task selections dur-

ing this phase and showed better problem-solving performance on

the post-test than participants who did not receive training (Kostons

et al., 2012). In a subsequent study, these benefits of the training on

problem-solving post-test performance were replicated and extended

(Raaijmakers, Baars, Schaap, et al., 2018): Next to the original training

with the simple algorithm (algorithm condition), a training condition

was included in which participants were taught a more general heuris-

tic (i.e., a rule-of-thumb; e.g., When performance is high and effort is

low, you can move to a more complex task or a task with less built-in

support in the task database). Results on the post-test showed that

participants in both conditions outperformed the control condition

that did not receive any SATS-training.

The same applied to transfer: compared to untrained students,

students who received the SATS training were somewhat better at

selecting tasks based on the performance score and mental effort rat-

ing of a fictitious person described in transfer vignettes, even though

these had a different task context.1 Raaijmakers, Baars, Schaap, et al.

(2018) expected that the task-selection procedure in the heuristic

condition would be easier to transfer because it was described as a

rule-of-thumb, but there was no statistically significant difference

between the two training conditions in transfer task-selection accu-

racy. While these initial effects were promising, there was room for

further improvement in task-selection accuracy on the transfer

vignettes. Moreover, in a later study, Raaijmakers, Baars, Paas, et al.

(2018) found that students who received SATS training in the biology

context and then engaged in a self-regulated learning phase with math

problems that had a different number of steps and a different task

database, did not outperform untrained students on the math post-

test, suggesting they could not transfer the learned task-selection

skills to this new context.

It is important to investigate how transfer of task-selection skills

can be improved, because it would not be feasible to train specific

task-selection skills for all types of problem-solving tasks learners

encounter. Transfer occurs when experience and knowledge learned

in one problem context is used to solve a problem in a new context

(Mayer & Wittrock, 1996).

To enhance the effectiveness of the training for the transfer of

task-selection skills, we first need to understand why learners struggle

to transfer the trained task-selection skills. For transfer to occur,

learners have to be able to (1) recall the trained procedure, (2) recognize

that they can apply the principles from this procedure to the new task

context, and (3) if needed, adapt the trained procedure to apply it to

the new task context (Barnett & Ceci, 2002; Mayer &

Wittrock, 1996). In the present study, we examine how and how well

students recall the trained procedure, and whether offering students

additional support with recognizing that the procedure applies or

explicit instruction on how to adapt it, would help them to transfer

task-selection skills to new problem-solving contexts.

2 | THE PRESENT STUDY

The present study tested two strategies for supporting transfer of

problem-solving task-selection skills as trained via the SATS training

(cf. Kostons et al., 2012; Raaijmakers, Baars, Schaap, et al., 2018;

Raaijmakers, Baars, Paas, et al., 2018): Prompting, which can support

students' recognition of whether the learned procedure can be

applied and should be adapted, and explicit instruction, which can sup-

port students in recognition plus adaptation of the learned procedure,

by explaining how to adapt. Prompts do not contain information that

is necessary to complete the task but aim to remind the learner to use

a certain strategy or procedure (Berthold et al., 2007). While the

effect of prompting has not yet been investigated in the context of

transfer of task-selection skills, some studies focused on prompts to

enhance the transfer of self-regulated learning strategies with some

finding positive results (Bannert et al., 2015; Müller & Seufert, 2018),

while others showed no effect (Engelmann & Bannert, 2021). Like-

wise, explicit instruction, in which a strategy or procedure is fully

explained to the learner (Clark et al., 2012), has not yet been studied

specifically in the context of the transfer of task-selection skills, but

other research suggests it can enhance the transfer of self-regulated

learning strategies (Salomon & Perkins, 1989; Schuster et al., 2020).

We first explored how and how well participants recall the trained

task-selection procedure, which is a necessary first step for transfer to

occur. To rule out that the problem might lie in how well participants

remembered the task-selection procedure (although the manipulation

check conducted by Raaijmakers, Baars, Paas, et al., 2018, suggests

this is not the issue), we administered a recall task. This also allowed

us to check whether the conditions differed on how well

(i.e., proportion of correctly recalled idea units) and in what manner

participants recalled the trained task-selection procedure (i.e., with all

the details of the algorithm, as a more general heuristic, or both),

despite the random assignment. The latter is also interesting because

Raaijmakers, Baars, Schaap, et al. (2018) hypothesized (but did not

test) that a potential explanation for the lack of difference in task-

selection transfer accuracy between their two training conditions

might have been that participants in the algorithm condition inferred
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the underlying heuristic and remembered it as such; the present study

sheds light on how participants remember the procedure.

Importantly, the present study focuses on the effect of prompts

and explicit instruction on task-selection accuracy on both the trans-

fer tasks for which prompts / explicit instruction were provided

(guided transfer tasks) and on subsequent transfer tasks when learners

no longer received prompts or explicit instruction (unguided transfer

tasks). Establishing these effects both in the presence and absence of

the guidance, allows for determining whether prompts and explicit

instruction can successfully support transfer of task-selection skills

(higher task-selection accuracy on guided tasks only) and also help

students learn to recognize and adapt the procedure when guidance is

removed (higher accuracy also on unguided tasks).

We hypothesized that participants who received explicit instruc-

tion (i.e., support for recognizing and adapting, by explaining how to

adapt the learned procedure) would make more accurate task-

selections than participants who received prompts (i.e., support for

recognizing, informing participants that the procedure can be applied

in adapted form, but not explaining how to adapt), and that both

would make more accurate task-selections than participants who

received no guidance (control condition) during guided transfer tasks

and that this benefit would remain during subsequent unguided trans-

fer tasks. Additionally, to gain insight into the efficiency of the condi-

tions, we explored how much mental effort participants invested in

selecting tasks (van Gog & Paas, 2008).

3 | METHOD

3.1 | Participants and design

A total of 179 Bachelor students (18–21 years old) were recruited via

Prolific (https://www.prolific.com) to take part in a 45-min online

experiment for a payment of ₤6.75. Only students who were fluent in

English and had English as their first language could participate. The

study had a mixed 3 � 2 factorial design with type of guidance for

transfer (no guidance, prompts, explicit instruction) as between-

subjects factor and the presence of guidance (with/without) as

within-subjects factor. A power analysis in MorePower (Campbell &

Thompson, 2012), for a mixed model ANOVA (within-between inter-

action) with an alpha of .05, a medium effect size (η2p = .06), and a

power of .80, resulted in a required sample size of 162; we over-

sampled by 10% to account for possible dropout. Participants were

randomly assigned to one of the three conditions. We had to exclude

the data of eight participants because they did not pass the attention

checks and of 11 participants because they reported that they had

used strategies during the experiment that were not allowed

(e.g., take notes, look up information online, take a photo or

screenshot, or make a video/audio recording). Of the remaining

160 participants (age: M = 20.13, SD = 0.90; gender: 73 female,

80 male, 5 non-binary, 1 genderfluid, 1 “I'd rather not say”), 57 were

in the control condition, 55 in the prompts, and 48 in the explicit

instruction condition.

3.2 | Materials

SATS training. The SATS training had the same content as in Raaij-

makers, Baars, Schaap, et al. (2018); Raaijmakers, Baars, Paas, et al.

(2018), translated into English. All materials were presented in Qual-

trics survey software (http://www.qualtrics.com). The training pre-

sented four video modeling examples in which the models (male or

female; see Table 1) explained and demonstrated a procedure for self-

assessment and task-selection in the context of biology (heredity)

problem-solving tasks. The problems could be solved in five steps and

were organized in a task database with five complexity levels, three

support levels within each complexity level (high support, low support,

no support), and five isomorphic problems (structurally similar, but dif-

ferent cover stories) at each support level (i.e., 75 tasks in total, see

Figure 1). In each video example, the model (partially) solved a prob-

lem (with no support, at the first or second level of complexity; see

Table 1), rated their invested mental effort on a 9-point scale

(cf. Paas, 1992), self-assessed performance (assigning 1 point for

every correct step out of five steps in total: 0–5), and selected a new

task from the task database. To select a task at the appropriate level

of complexity and support, the models used a table that combined

their self-assessed performance and mental effort according to a sim-

ple algorithm, which led to an advised “step-size” (i.e., number of col-

umns to the left [negative numbers] or right; see Figure 2). The model

first gave a general explanation of the simple algorithm (italicized here)

before using the scores on the present problem to select a task: “In
this table, I can see what a suitable next task would be based on my per-

formance and effort. Vertical is performance, horizontal is effort. The

table gives me advice for the next task. If I had a high score for perfor-

mance and a low score for effort, then I am ready for a more difficult task,

as you can see in the table. With a high performance and low effort I end

up at +2. That means two steps to the right in the task database. Then I

get a more difficult task or a task with less support. With a low perfor-

mance and high effort you end up �2. So, I would have to do an easier

task or a task in which more steps have been worked out already. I gave

myself an 8 for effort and a 3 for performance. Then I end up at �1 in

the table.”
Cued Recall Test. After the SATStraining, participants were asked

three cued recall questions about the trained task-selection proce-

dure. The first two were open questions: (1) “You just watched videos

in which students solved a biology problem and then selected a suit-

able next task to work on from a task database. To be able to select a

new task to work on from the task database, the students had to rate

two things. Which things did they rate?”; (2) “Explain how the stu-

dents used these ratings (from the previous question) to select a new

task from the task database.” The third question asked them to fill in

an empty version of the step-size table, including the labels and scales

for performance and effort, and the numbers indicating the step sizes

(i.e., 17 labels/cells in total).

Isomorphic Vignettes. To check whether participants could apply

the trained task-selection procedure, they received seven vignettes,

describing a short scenario about their fictitious performance and

mental effort on problem-solving tasks identical to the tasks used in

PIEPLENBOSCH ET AL. 3 of 12
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the training, and asking them to select a new task from the database

identical to the one used in the training. An example of a vignette is:

“Suppose you completed a 5-step biology problem at complexity level

1 with no support. You got 1 step correct. You rated your effort as

8 on a scale of 1 to 9. Based on this description and the procedure

from the videos, what is a suitable task to work on next?” For each

vignette, participants selected a task by clicking on that task in the

depicted task database. They did not actually get to work on that task

or get a corresponding vignette.

Transfer Vignettes. To measure if participants could apply the

trained task-selection procedure in novel contexts (i.e., transfer), par-

ticipants worked on vignettes that described a problem-solving task

that differed from the training (i.e., a different number of solving steps

and/or complexity and support levels in the task database). Partici-

pants received two blocks of five2 transfer vignettes. In the guided

block, the students in the respective conditions received prompting

and explicit instruction (see Appendix A for details). In the unguided

block students no longer received any support. We used two sets of

transfer vignettes (A and B; see Table 2), of which students received

one in the guided and one in the unguided block; the order was

TABLE 1 Features of the four video modeling examples from the SATS training.

Example Model Complexity level/Support level Number of correct steps Effort Task-selection step-size

1 Female Level 1/no support 5 2 +2

2 Male Level 1/no support 5 5 +1

3 Female Level 2/no support 4 7 0

4 Male Level 2/no support 3 8 �1

F IGURE 1 The task database from the SATS training and isomorphic vignettes. It has five complexity levels, three support levels within each
complexity (high support, low support, no support), and five isomorphic problems (structurally similar, but different cover stories) at each support
level (i.e., 75 tasks in total).

Pe
rf
or
m
an
ce

Effort

F IGURE 2 The step-size table with the simple algorithm that was
used in the video modeling examples to determine the advised next
task by combining the self-assessed performance and mental effort
(i.e., the step-size shows the number of columns to move to the left
[negative numbers] or right in the task database): with high
performance and low effort, a task with less support or more
complexity is advised; with high performance and high effort, it is
advised to practice a similar task again; and with low performance and
high effort, to select a task that offers more support or is less
complex.
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counterbalanced between participants. The vignettes in the two sets dif-

fered in terms of the problem-solving steps used (see Table 2), but were

constructed in such a way that the manner in which the task-selection

procedure had to be adapted and the consequences for the to-

be-selected tasks were the same (i.e., on the transfer vignettes 3 and 5 in

both transfer task sets, multiple adjustments to the algorithm were possi-

ble and could be considered correct, but the performance and effort

scores in the vignettes were chosen such that there was no ambiguity

regarding step-size; see Appendix A; example “Explicit instruction”).
Prompts and Explicit Instruction. In the guided transfer block, stu-

dents in the prompts condition received a prompt with each vignette.

The prompts explicated the difference between the transfer task

described in the vignette and the tasks from the training videos and

stated that the step-size table from the videos for choosing a new

task could still be used and, in some cases, had to be adapted (see

Appendix A; example “Prompt”). Students in the explicit instruction

condition received the same prompt plus an explanation of how the

procedure could be adapted to the scenario described in the vignette

(see Appendix A; example “Explicit instruction”). Students in the con-

trol condition did not receive any guidance in the guided block. In the

unguided block, none of the participants received guidance.

Mental Effort Ratings. Each vignette in the isomorphic block and

transfer blocks, was followed by the question: “How much effort did

you invest in selecting a suitable next task?” on a 9-point scale ranging

from 1 (very, very low effort) to 9 (very, very high effort) (Paas, 1992).

3.3 | Procedure

Participants were recruited on Prolific (https://www.prolific.com),

through which they accessed the Qualtrics survey (https://www.

qualtrics.com), where they would first find an information letter and

an informed consent form. After providing consent, participants were

asked demographic questions: their age and gender, if they had

attention deficit disorder or dyslexia diagnoses, and student status

(as an extra check on the bachelor student filter we had set in Prolific).

Then, they continued to the experiment, which took �45 min. First,

they received general instruction and were asked to not make any

notes during the videos. Then, participants watched the SATS training

videos, completed the cued recall test, and worked on the block of

seven isomorphic task-selection vignettes. Subsequently, in the

guided transfer block, participants were randomly assigned to one of

the three conditions and worked on five task-selection transfer

vignettes during which they received no support, received prompts, or

received explicit instruction, depending on their assigned condition.

This was followed by the unguided task-selection transfer block. After

each isomorphic and transfer vignette they rated their invested men-

tal effort. We also inserted an attention check in each block, which

superficially looked like a vignette but actually instructed participants

to select a specific task from the task database (so that we could tell if

participants were selecting tasks without reading the vignettes prop-

erly). At the end of the experiment, participants were asked “Did you

use any of the following strategies during this experiment? Take

notes, look up information online, take photo or screenshot, make

video/audio recording. Please answer honestly; this is not a reason to

reject your submission, but it is important for us to know to check

whether participants complied with our instruction.”

3.4 | Data analysis

To determine how well participants remembered the task-selection

procedure, the first open-answer cued recall question was scored by

assigning one point per correct answer. For the second open-answer

cued recall question we first divided the explanation of the task-

selection procedure into eight idea units, and then scored the number

of idea units in participants' answers. The scores for the two open-

answer cued recall questions were added into one score with a maximum

TABLE 2 The number of problem-solving steps, complexity levels, and levels of support in the task database in the isomorphic and transfer
vignettes (Sets 1 and 2).

Number of problem-solving steps Number of complexity levels Number of support levels

Isomorphic vignettes 5 5 3

Transfer vignettes Set 1

Vignette 1 5 4 2

Vignette 2 7 5 3

Vignette 3 8 5 3

Vignette 4 7 4 2

Vignette 5 8 4 2

Transfer vignettes Set 2

Vignette 1 5 3 2

Vignette 2 11 5 3

Vignette 3 9 5 3

Vignette 4 11 3 2

Vignette 5 9 3 2

PIEPLENBOSCH ET AL. 5 of 12
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score of 10 (see coding scheme in Appendix B). The data was indepen-

dently coded by two coders and Cohen's k was used to determine inter-

reliability (Cohen, 1960). There was a good agreement between the two

coders, κ = .80. To determine how (in what manner) participants remem-

bered the procedure, the answers were further classified as falling into

one of four categories: with details of the algorithm, as a more general

heuristic, both, or neither. There was also a good agreement between

coders for the coding of these categories, κ = .84. To determine how

many specifics of the algorithm participants recalled, we scored how they

filled in the empty version of the step-size table, assigning one point per

correctly filled in label/cell, resulting in a maximum score of 17.

To establish participants' task-selection accuracy on the isomorphic

vignettes, we computed the absolute (unsigned) difference between

the chosen and the recommended “step-size” (i.e., number of columns

to the left/right in task database) according to the trained task-selection

algorithm (cf. Raaijmakers, Baars, Paas, et al., 2018). The task-selection

accuracy on the transfer vignettes was calculated in the same manner,

but for the transfer vignettes describing a different number of problem-

solving steps, the algorithm was adjusted (cf. Raaijmakers, Baars,

Schaap, et al., 2018; see Appendix A example “Explicit instruction”).
The data are available on the Open Science Framework: osf.io/x92fu.

4 | RESULTS

For all measures, Shapiro-Wilk's tests showed that the assumption of nor-

mality was violated. Therefore, the data were analyzed with non-

parametric tests. Kruskal-Wallis tests were used to test for differences

among conditions and the Wilcoxon rank sum test to test for differences

in task-selection accuracy on the guided and unguided transfer blocks

within conditions. Dunn's test was used as post hoc test, which applies a

Bonferroni correction. Below we report the adjusted p-values. The Pearson

correlation (r) is reported as effect size with values .10, .30, and .50, respec-

tively interpreted as small, medium, and large effect sizes (Cohen, 1988).

4.1 | How and how well do participants recall the
task-selection procedure?

Table 3 shows the recall data. On average, participants recalled 4.69 of

the 10 idea units, and there were no statistically significant3 differences

among conditions, χ2(2) = .82, p = .665, r = .09. As for how they remem-

bered the procedure, out of the 160 participants, only 6.2% (n = 10)

described the task-selection procedure solely in algorithmic terms, 42.5%

(n = 68) solely as a heuristic, 32.5% (n = 52) as both, and in 18.8%

(n = 30) it was unclear from their answer in what manner they recalled

the task-selection procedure. Of the 52 participants who described the

procedure both in algorithmic and heuristic terms, 38.5% described the

“input” as algorithm (e.g., “If they rated their performance a five and their

mental effort a one…”), 50.0% as heuristic (e.g., “If they had high perfor-

mance and low mental effort…”), and 90.4% described the “output” as

algorithm (e.g., “then they would end up at +2 in the table”), and 78.8%

as heuristic (e.g., “then they would move to a more difficult task”).
Surprisingly, in the group that described the task-selection proce-

dure solely in algorithmic terms, only 20% (n = 2) filled in the step-size

table correctly; in the heuristic group this was 23.5% (n = 16); in the

group that described both 17.3% (n = 9); and in the group that

described neither 3.3% (n = 1). There were no statistically significant

differences among conditions in cued recall of the step-size table, χ2(2)

= 3.36, p = .186, r = .09, nor in task-selection accuracy on the isomor-

phic vignettes (Table 4), χ2(2) = 0.98, p = .614, r = .09. On average,

participants were quite accurate with an overall mean of 0.81 on the

isomorphic tasks. Given that none of the analyses of recall measures

showed statistically significant differences among conditions, any dif-

ferences in scores on the transfer vignettes are unlikely to result from a

priori differences among conditions in recall of the trained procedure.

4.2 | Do prompts and explicit instruction Foster
task-selection accuracy?

Table 4 shows the task-selection accuracy on the transfer vignettes

per condition. On average, participants were quite accurate (overall

mean: 0.64 on guided and 0.77 on unguided transfer vignettes). There

was a statistically significant difference in the task-selection accuracy

scores on the guided transfer vignettes among conditions, χ2(2)

= 23.83, p < .001, r = .37. In line with our hypothesis, the post hoc

tests revealed that participants in the explicit instruction condition

showed statistically significant higher task-selection accuracy than

those in the prompts condition, z = 4.87, p < .001 (Bonferroni

adjusted p-value), r = .39, and in the control condition, z = 2.87,

p = .006, r = .23 (i.e., lower scores indicate higher task-selection

accuracy). However, contrary to our hypothesis, participants in the

prompts condition did not show statistically significantly higher task-

selection accuracy than those in the control condition, z = �2.11,

p = .052, r = �.17.

TABLE 3 Descriptive statistics of performance scores on cued recall questions for participants who recalled the task-selection procedure as
algorithm, heuristic, both, or from whose answer it was unclear how they recalled it.

Algorithm (n = 10) Heuristic (n = 68) Both (n = 52) Unclear (n = 30)

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

Open cued recall (range: 0–10) 4.20 (1.48) 4.0 5.06 (1.44) 5.0 5.62 (1.55) 5.0 2.40 (1.40) 2.5

Fully correct n = 0 n = 0 n = 0 n = 0

Stepsize table cued recall (range: 0–17) 10.00 (6.94) 13.0 9.72 (6.48) 11.0 11.00 (5.61) 13.0 3.83 (5.41) 0.0

Fully correct n = 2 n = 16 n = 9 n = 1
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On the unguided transfer vignettes, there was no longer a statisti-

cally significant difference in task-selection accuracy among condi-

tions, χ2(2) = 4.38, p = .112, r = .12. The within-subjects analyses

showed no statistically significant differences in task-selection accu-

racy on the guided and unguided transfer tasks in the control group,

z = 1351.50, p = .115, r = .15, and the prompts group, z = 1426.50,

p = .607, r = .05. Participants in the explicit instruction condition

showed lower accuracy on the unguided than on the guided transfer

tasks, z = 701.50, p < .001, r = .35.

4.3 | Do mental effort ratings differ among
conditions?

There was no statistically significant difference among conditions in

invested mental effort on the isomorphic vignettes, χ2(2) = 3.03, p = .220,

r = .08. Effort investment on the guided transfer vignettes did differ

among conditions, χ2(2) = 7.47, p = .024, r = .19. Post hoc tests indicated

that participants in the explicit instruction condition reported having

invested more effort than participants in the control condition, z = �2.64,

p = .013, r = �.21, whereas effort investment did not differ between par-

ticipants in the prompts condition and those in the explicit instruction,

z = �0.81, p = .624, r = .06, or control condition, z = �1.88, p = .090,

r = �.15. On the unguided transfer vignettes, there were no statistically

significant differences among conditions, χ2(2) = 5.67, p = .059, r = .15.

5 | DISCUSSION

Given the increasing emphasis on effective self-regulated learning

in education, a substantial number of studies have investigated

how to improve students' self-monitoring and self-regulation skills.

However, the important question of whether those skills transfer

to other tasks and domains is seldom addressed. Recent research in

the context of problem-solving tasks that addressed whether

trained task-selection skills would transfer, found mixed results

(Raaijmakers, Baars, Paas, et al., 2018; Raaijmakers, Baars, Schaap,

et al., 2018). Therefore, the present study tested two strategies for

supporting transfer of trained task-selection skills: Prompting,

which can support students' recognition of whether the learned

procedure can be applied and whether adaptations are needed, and

explicit instruction, which can support students' recognition and

explains what adaptations are needed.

5.1 | How (well) do participants recall the task-
selection procedure?

The open question cued recall data showed that few participants

described the task-selection procedure only algorithmically; the

majority recalled it as a heuristic or as both. Note that these

results should be interpreted with caution, as the answers varied

in quality and length. The results regarding the step-size table

cued recall question indicated that a relatively small number of

participants could recall all the elements of the step-size table cor-

rectly. Yet, the descriptive statistics revealed that overall, partici-

pants showed quite accurate task-selection on the isomorphic

vignettes (deviating on average only 0.81 steps, indicating that

participants could apply the trained task-selection procedure rela-

tively well). These findings suggest that participants, as Raaij-

makers, Baars, Schaap, et al. (2018) suggested, inferred the

heuristic behind the simple algorithm, and that this was sufficient

to achieve relatively high task-selection accuracy on the isomor-

phic vignettes.

TABLE 4 Descriptive statistics of performance on cued recall questions, and task-selection accuracy on the isomorphic vignettes, guided
transfer vignettes, and unguided transfer vignettes, per condition.

Control (n = 57) Prompts (n = 55) Explicit instruction (n = 48)

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

Open cued recall (range: 0–10) 4.46 (2.04) 4.0 4.84 (1.75) 4.0 4.79 (1.79) 5.0

Stepsize table cued recall (range: 0–17) 8.68 (7.07) 11.0 8.29 (6.26) 9.0 10.35 (6.05) 12.0

TS accuracya

Isomorphic vignettes (range: 0–9) 0.77 (1.30) 0.3 0.80 (1.09) 0.4 0.87 (1.09) 0.4

Fully correct TS n = 18 n = 11 n = 15

Guided transfer 0.51 (0.36) 0.4 0.89 (0.82) 0.8 0.50 (0.90) 0.0

Fully correct TS n = 6 n = 6 n = 28

Unguided transfer 0.65 (0.46) 0.6 0.96 (0.82) 0.6 0.71 (0.71) 0.4

Fully correct TS n = 5 n = 6 n = 8

Mental effort

Isomorphic vignettes (range: 0–9) 4.42 (1.74) 4.4 4.61 (1.60) 5.0 5.05 (1.58) 5.0

Guided transfer (range: 0–9) 4.59 (1.65) 4.6 5.13 (1.59) 5.2 5.50 (1.74) 5.7

Unguided transfer (range: 0–9) 4.28 (1.75) 4.2 4.67 (1.68) 4.8 5.09 (1.63) 4.9

aLower = better; 0 = fully accurate; TS = task-selection.
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5.2 | Do prompts and explicit instruction Foster
task-selection accuracy?

Contrary to our hypothesis, participants in the prompts condition did

not show more accurate task-selection than those in the control con-

dition. Possibly, learners did not recall the procedure well enough, or

struggled to adapt the trained task-selection procedure to the new

problem-solving context and therefore did not benefit from prompts

only. A study by van Peppen et al. (2022) on the transfer of other

higher-order skills found similar results regarding prompting.

As predicted, participants who received explicit instruction on

how they could adapt the procedure, showed higher task-selection

accuracy on the guided transfer vignettes than those in the other con-

ditions. Interestingly, however, they were still not fully accurate; only

28 out of 48 participants in the explicit instruction condition consis-

tently made correct task-selections (Table 4). Moreover, this higher

accuracy was not retained when guidance was removed: On the

unguided transfer tasks, accuracy of the explicit condition dropped

(with the number of participants consistently making correct

task-selections decreasing from 28 to 8), and there were no longer

any significant differences among the conditions. The higher accuracy

of participants in the explicit instruction condition was accompanied

by higher levels of invested mental effort than the control condition

on the guided transfer tasks (but not on the unguided tasks). This

could potentially be explained by the extra reading needed for the

explicit instruction.

In sum, our results suggest that explicit instruction foster task-

selection accuracy, but only as long as they are present. That learners

seem to struggle to adapt the procedure themselves on new

(unguided) transfer vignettes, demonstrates how persistent the prob-

lem of how to foster transfer is. However, it should be noted that on

average, task-selection on the transfer vignettes was already quite

accurate (also compared to the studies by Raaijmakers, Baars, Schaap,

et al., 2018; Raaijmakers, Baars, Paas, et al., 2018).

5.3 | Limitations and suggestions for future
research

A limitation of this study is that participants did not work on the tasks

themselves, but had to apply the trained task-selection procedure

learned from the training on vignettes. It is unclear whether the same

results would occur if participants worked on the tasks themselves.

However, the use of vignettes also had benefits: It allowed us to sys-

tematically vary characteristics of the problem-solving context (num-

ber of steps, layout of the task database) without confronting learners

with many different types of problems to solve and without the high

cognitive load involved in first attempting to solve those problems

(i.e., they could fully focus on taskselection). Moreover, the vignettes

ensured that the values for performance and effort were the same for

all participants, making it easier to compare the accuracy among

conditions.

An important avenue for future research is to uncover strategies

that lead to sustained transfer benefits. In our study, learners in the

explicit instruction condition went from full recognition and adapta-

tion support, to no support at all in unguided transfer vignettes. They

might benefit more from fading support, as this has been proven to

foster learning (Reisslein et al., 2007; Renkl et al., 2002). Specifically,

combining fading and prompts to encourage learners to find the

underlying principle of the instruction has been proven to improve

performance on near and far transfer of problem-solving skills

(Atkinson et al., 2003); the question is, however, if the same would

apply to task-selection skills.

6 | CONCLUSION

To conclude, although explicit instruction improved transfer of the

trained task-selection procedure, leading to more accurate task-

selection on the vignettes where it was provided, it did not help

learners to select the right tasks on subsequent, unguided transfer

vignettes. These results illustrate the persistent problem of transfer.

Given that it would be impossible to train learners' task-selection skills

for each type of problem-solving task they encounter in their studies,

it is important to continue to investigate whether and how transfer of

task-selection skills can be fostered, especially in the absence of guid-

ance, in future studies.
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ENDNOTES
1 That is, the tasks described in these vignettes were in a different domain

(math instead of the trained biology tasks), differed in the number of

problem-solving steps (eight instead of five) and/or in the task database

layout (with four instead of five complexity levels, two instead of three

support levels, and four instead of five isomorphic tasks per support

level).
2 Two additional vignettes were added to the unguided transfer tasks for

pilot purposes outside the scope of this study; these data will not be

reported here.
3 With statistically significant we mean it met the cut-off of statistical sig-

nificance (p < .5). Note, however, that there is some debate about using

the term “statistically significant” and the .05 threshold (Wasserstein

et al., 2019).
4 The italics and underlining were not shown to participants; they received

the information according to their assigned condition as plain text.
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APPENDIX A

Example of a Transfer Vignette in the Control (plain text part),

Prompting (plain text + italicized parts), and Explicit Instruction Condi-

tion (plain text + italicized + underlined parts).4

Imagine you are practicing tasks from this task database:

You have just completed a 7-step biology problem at complexity

level 3 with no support.

1. You got 4 steps correct.

2. You rated your effort a 1 on a scale of 1 to 9.

Based on this description and the procedure from the videos,

what is a suitable task to work on next?

Here is a hint for determining what a suitable next task would be.

Hint:

In this description, the problem-solving task has a different number

of steps compared to the tasks from the videos (7 instead of 5), which

means that you cannot use the exact same stepsize table as used in the

videos to select a new task. However, you can adapt the stepsize table

from the videos and distribute the performance scores as evenly as possi-

ble; there are several different options to do so and you can choose any

one of them.

In the stepsize table from the videos, the performance scores

were evenly distributed over three rows.

With 7 steps instead of 5, that is not possible. This is because

with 7 steps you have 8 possible performance scores (0, 1, 2, 3, 4, 5,

6, 7), which cannot be evenly distributed over three rows.

With 8 performance scores there will always be one row with

2 instead of 3 performance scores. The row with two performance

scores can be the top, middle, or bottom row.

This leaves you with three different options to distribute the per-

formance scores as evenly as possible over the three rows:

10 of 12 PIEPLENBOSCH ET AL.
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Option 1.

Option 2.

Option 3.

Luckily, with a performance of 4 and effort of 1, the answer is

+1, regardless of which stepsize table you choose.

Based on this description and the procedure for selecting a new

task shown in the videos, what is a suitable task to work on next?

Select the task you would choose in the task database below.
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APPENDIX B

Coding Scheme for the Open Cued Recall Questions.

Performance (1).

Mental effort (1).

Combine/cross reference performance and effort. They specifically write down that they used performance and effort or they imply they did this (1).

Use this information to see whether they should increase or decrease complexity (1) or support (1), or move in the task database (1).

High performance + little effort (or specific in numbers) = More complex/difficult task or less support and x steps to the right in the task database (1).

Low performance + high effort (or specific in numbers) = Less more complex/difficult task or more support and x steps to the left in the task database

(1).

Medium/average performance + medium/average effort (or specific in numbers) = Same complexity/type of task or same support and 0 steps (1).

The stepsize/increase in complexity depends on how well/poor their performance was and how high/low they rated their performance (1).

Score (max. 10 points)

12 of 12 PIEPLENBOSCH ET AL.
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