W) Check for updates

DOI: 10.1002/cl2.1337

PROTOCOLS

Education

G Compbel vy ey

Collaborohon

PROTOCOL: Problem solving before instruction (PS-I) to
promote learning and motivation in child and adult students

Eduardo Gonzalez-Cabaries?

Jose Carlos Nuiez?!

1Department of Psychology, Psychology
Faculty, University of Oviedo, Oviedo,
Asturias, Spain

2Department of Human Development,

Teachers College, Columbia University,
New York, New York, USA

Correspondence

Eduardo Gonzalez-Cabares, Department of
Psychology, Psychology Faculty, University of
Oviedo, Oviedo, Asturias, Spain.

Email: gonzalezventura@uniovi.es

1 | BACKGROUND

11 |

Description of the condition

| Trinidad Garcia® | Catherine Chase? |

Abstract

This is the protocol for a Campbell systematic review. The objectives are as follows:
The purpose of this review is to synthesize the evidence about the efficacy of
problem solving before instruction (PS-1) to promote learning and motivation in
students. Specifically, this review is designed to answer the following questions: To
what degree does PS-I affect learning and motivation, relative to alternative learning
approaches? To what extent is the efficacy of PS-I associated with the use of
different design features within it, including the use of group work, contrasting
cases, and metacognitive guidance in the initial problem-solving activity, and the use
of explanations that build upon students' solutions in the explicit instruction phase?
To what extent is the relative efficacy of PS-I associated with the contextual factors
of activities used as control, age of students, duration of the interventions, and
learning domain? What is the quality of the existent evidence to evaluate these
questions in terms of number of studies included and potential biases derived from

publication and methodological restrictions?

would it be better to start by providing them with instructions and
concepts for solving the problems?
Problem-solving activities are highly valued in education because

they offer the opportunity for students to practice at their own pace

A typical form of instruction is for teachers to explain a new concept
or procedure and then ask students to apply it in a set of activities.
However, some research suggests that it may be more beneficial to
first give students the opportunity to problem-solve in relation to the
new contents before providing any explicit instruction on them. This
review asks how these two approaches to instruction compare in
promoting motivation and learning. For example, before explaining
how to measure statistical variability, or how to solve an equation, or
a psychological theory to explain our attentional experiences, would
it be better if students first try to find their own solutions to these
problems (e.g., Carnero-Sierra, 2020; Fyfe, 2014; Kapur, 2012), or

(Jackson, 2021). Allowing students to take their time is an important
part of the reflection processes. However, deep reflection processes
are not always activated in problem-solving activities. When students
know the basic procedures to solve them, the problems often
become a routine that students solve mechanically without devoting
enough attention to the structural aspects (Moore, 1998). To
encourage these reflection processes, it might be useful to give
students the opportunity to problem-solve before they receive any
explanation about the relevant procedures (Schwartz, 2004).

These types of interventions that combine an initial phase of

problem-solving and a following phase of explicit instruction have
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been formulated in different specific approaches, such as the
Productive Failure approach (Kapur, 2012a), the Invention approach
(Schwartz, 2004), or problem-solving before instruction (Loibl, 2014a).
In this review we will generally refer to all these related approaches
as problem-solving before instruction (PS-I).

It has been argued that PS-| interventions can have important
implications in both learning and motivation. Specifically, generating
solutions in the initial problem-solving phase can help students
become more aware of their knowledge gaps (Loibl, 2014), activate
and differentiate prior knowledge (Kapur, 2012), and adopt healthy
motivations (Belenky, 2012). In this regard, several studies have
shown that students who learned through PS-l, in comparison to
students who directly received explanations of the target concepts
and procedures, reported higher interest in the content taught
(Glogger-Frey, 2015; Weaver, 2018). Also, they demonstrated higher
understanding of the content and greater capacity to transfer this
understanding to novel situations (Glogger-Frey, 2017; Kapur, 2014;
Schwartz, 2011; Weaver, 2018).

However, PS-I can sometimes produce negative reactions related
to learning and motivation. During the initial problem-solving,
students can feel overchallenged with the search for many possible
solutions. They might spend most of the time paying attention to
irrelevant aspects (Clark, 2012). Also, the uncertainty of not finding
correct solutions in this task can be frustrating, and students might
end up acquiring a passive role (Clark, 2012). There are some studies
that have shown greater negative affect (Lamnina, 2019), lower
motivation (Glogger-Frey, 2015), and reduced learning (Fyfe, 2014;
Glogger-Frey, 2015; Newman, 2019) for students in PS-| interven-
tions than for students in alternative interventions.

Considering this variability of results in the literature, it is
important to systematically review the evidence concerning efficacy
of PS-l, and concerning conditions that can influence this efficacy.
Also, this review may have important implications for educational
practice. Many instructors have negative attitudes towards the
uncertainty of starting lessons with problem-solving activities in
which students can experience initial failures and negative affect
(Pan, 2020), and empirical evidence of PS-I's efficacy might help
these instructors to reduce this uncertainty and take more informed
decisions.

In terms of learning, it is important to evaluate to what extent
PS-I can promote the development of conceptual knowledge, which
refers to the understanding of the content taught, and transfer, which
refers to the capacity to apply this understanding to novel situations.
Several national and international evaluations suggest that a great
proportion of students learn by memorizing procedures (Mallart,
2014; OECD, 2016; Silver, 2000). For example, in the Spanish math
examinations to access the university, it was noted that the majority
of students passed the exams because they were able to solve
problems that were similar to those seen in class. However, the
majority failed to answer comprehension questions, or to correctly
solve problems where they had to flexibly apply the procedures
learnt (Mallart, 2014). Considering that real-life situations generally
differ from class situations, acquiring deeper forms of knowledge is of

great relevance in the future autonomy of students, especially in a
world that is increasingly changing because of globalization and
development of new technologies (OECD, 2014).

Of no less importance is the potential efficacy of PS-I to promote
motivation for learning. Several evaluations suggest that a great
proportion of students are not motivated to learn class content
(Council National Research, 2003; OECD, 2018). A recent PISA
evaluation with high school students from 79 countries showed that
most students reported studying before or after their last class, but
only 48% of these students reported interest as one of their motives
(OECD, 2018). Promoting motivation for learning is of great
importance, because, rather than just being a predisposition that
can help learning (Chiu, 2008; Liu, 2020; Mega, 2014), it is a main
factor that determines the well-being of students during the learning
process (Ryan, 2009).

Four reviews have provided interesting evidence about the
comparison of PS-I versus other educational interventions (Darabi,
2018; Jackson, 2021; Loibl, 2017; Sinha, 2021). They suggested a
general efficacy of PS-1 to promote learning (Darabi, 2018), and more
specifically to promote conceptual knowledge and transfer, but not
procedural knowledge (Loibl, 2017; Sinha, 2021). Furthermore, the
qualitative review of Loibl, 2017 and the meta-analysis of Sinha, 2021
suggested that PS-lI was associated with higher efficacy when it was
presented with guidance strategies to help students become more
aware of their knowledge gaps and focus their attention on relevant
features of the contents. However, these reviews are limited because
they only used a small number of databases or search techniques for
the identification of studies. Additionally, there are important aspects
not addressed in these previous reviews, such as the evaluation of
motivational outcomes, or the consideration of the types of control
activities used for the comparisons.

The upcoming review aims to address these aspects and to
update the studies included in these previous reviews. We will review
studies in which PS-I interventions are systematically compared with
alternative interventions that provide the same contents and
activities but provide explicit instruction from the beginning, and
that quantify the results with conceptual knowledge tests, transfer
tests, and self-reports of motivation for learning. Yet, additional
exploratory analyses might include studies either that have more
general measures of learning, or in which there is not such a strict
control of the equivalence of learning activities between conditions.
The general goal is to provide educators and policy makers with
information that can help them make decisions about introducing PS-
| in educational practice, and the various factors that can influence
the efficacy of PS-I.

1.2 | Description of the intervention

The uniqueness of PS-1 educational interventions resides in the
combination of two phases: an initial problem-solving activity to
explore a concept that students have not yet learned, and a
subsequent explicit instruction phase to explain the concept.
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The initial problem-solving activity consist of one or several problems
that students can explore with their prior knowledge, but that require
students to completely develop their own criteria to solve, because
the main solution procedures are based in concepts they have not yet
learned, and no content-related guidance is given during problem-
solving. Students are not expected to find the correct solutions.
However, this initial exploration is thought to prepare them to learn
from subsequent explicit instruction. The second phase of explicit
instruction consists of any activity in which students can read or
listen to explanations of the target concepts, such as a lecture, a
video, or an interactive discussion with concept explanations.

A typical approach in which PS-I has been conducted is called
Invention (Schwartz, 2004). In this approach the initial problem-
solving activity is generally formulated with invention goals, which
refers to instructions to infer a general procedure, rule, or concept.
Also, the data of the problem is often presented in small data sets or
contrasting cases, which are examples that differ on a few key
features (e.g., Section 1a of Table 1). This type of data presentation
has been applied in a great variety of learning areas, including physics
(Schwartz, 2011), statistics (Gonzélez-Cabaries, 2021), and educa-
tional sciences (Glogger-Frey, 2015). The combination of invention

goals and contrasting cases is meant to encourage students to discern

TABLE 1
PS-l phase PS-I Variant 1
Problem-solving (1a) Contrasting cases

Which soccer player scores more consistently?

The number of goals for each player across 4 seasons is shown below:

e Player A: 9, 10, 10, 11

e Player B: 5, 10, 10, 15

e Player C: 5, 5, 15, 15

Problem-solving (2a) Metacognitive Guidance
Following these instructions might help:
- Rank the players by consistency

- Explain the reasons of your ranking
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and actively integrate relevant problem features (Schwartz, 2004;
Schwartz, 2011; refer to How the intervention might work for a
further description of these features).

Another typical PS-I approach is Productive Failure (Kapur, 2012a).
Studies following this approach present students with rich problems, in
which the data is complex and relevant features are not highlighted
(e.g., Section 1b of Table 1). The problem generally allows several
possible solutions, and the ensuing explicit instruction includes
explanations that build on students’ solutions, commenting on the
affordances and limitations of students’ solutions in comparison to the
affordances and limitations of the correct solutions (e.g., Section 3a of
Table 1; refer to How the intervention might work for a further
description). The Productive Failure approach has also been used in a
great variety of learning areas, including physics (Kapur, 2010), statistics
(Kapur, 2012), maths (Mazziotti, 2019), and biology (Song, 2018). It is
emphasized in this approach that ‘failures’ to reach the correct solutions
in the initial problem are not conceived as failures, but as exploration
opportunities that help students activate prior knowledge, and as
opportunities to comprehend relevant features and relations when
these solutions are compared with the correct ones.

To give a sense of the variability across PS-I interventions, it is

also important to consider the context in which the interventions are

Examples of design features in problem solving before instruction (PS-I).

PS-I Variant 2
(1b) No contrasting cases

Which soccer player scores more
consistently?

The number of goals for each player across 20
seasons is shown below:

e Player A: 14, 9, 14, 10, 15, 11, 15, 16, 12,
17, 13, 17, 13, 18, 14, 19, 14

e Player B: 13, 9, 16, 14, 10, 11, 13 14, 12,
15, 14, 17, 13, 14, 18, 14, 15

e Player C: 13, 18, 15, 10, 16, 10, 17, 19, 14,
18, 9, 10, 18, 11, 10, 18, 18

(2b) No Metacognitive Guidance

(No extra guidance is provided)

- How these reasons can be applied to the design of quantitative indexes

to measure consistency?

Explicit instruction  (3a) Building on students' solutions

(3b) No building on students' solutions

Many of you calculated the sum of the deviation from one year to the next.
Some used the deviations as calculated and summed them up, others took
absolute values. This led to different results. What is the benefit of one
solution method or the other?...

One solution that expert use is the standard deviation:

SD = square root of ((x; - mean)/N)

One solution that experts use is the standard
deviation:

SD = square root of ((x; — mean)/N)

Note: Table adapted from Loibl (2017) using transformations of the PS-I intervention in Kapur (2012) as examples.
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implemented. PS-| interventions are generally implemented by the
teachers or by the researchers who conduct the evaluations. They
can be applied to different types of domains. In the literature they
have been generally applied in math or science domains such as
statistics or physics (e.g., Gonzalez-Cabanes, 2020; Kapur, 2014;
Newman, 2019; Schwartz, 2011), but also in other domains such as
psychology, or pedagogy (e.g., Carnero-Sierra, 2020; Glogger-
Frey, 2015; Schwartz, 1998). PS-l methods have been applied
successfully with students from age 12 through adulthood (e.g.,
Gonzalez-Cabanes, 2020; Kapur, 2014; Schwartz, 2011), and a few
studies have used PS-I methods with primary school children (e.g.,
Chase, 2017; Mazziotti, 2019). PS-l interventions have also been
conducted in collaborative contexts, in which groups of two or more
students work on the initial problem-solving activity (e.g., Glogger-
Frey, 2017; Kapur, 2012a), or in individual contexts, in which
students work by themselves on the learning activities (e.g.,
Glogger-Frey, 2015; Gonzélez-Cabaries, 2020). For the purpose of
generalizing our findings broadly, in the upcoming review we will
include studies conducted with students of any age, in any type of
course, with collaborative or individual work, and with any kind of
implementer.

There is also great potential variability regarding the intensity of
PS-1 interventions. The duration of the initial problem-solving phase
generally spans between 12 min (e.g., Gonzélez-Cabaries, 2020) and
100 min (e.g., Kapur, 2012). The number of problems included in this
initial activity can also vary, generally ranging between one (e.g.,
Glogger-Frey, 2015; Weaver, 2018) and two (e.g., Chase, 2017;
Glogger-Frey, 2017). In regard to the times in which PS-I| is
implemented within an intervention, generally PS-I is only applied
once for one specific lesson (e.g., Chase, 2017; Glogger-Frey, 2017;
Gonzalez-Cabaries, 2020; Kapur, 2012; Weaver, 2018), but there are
other studies that applied it repeatedly over a longer time frame (e.g.,
Likourezos, 2017). Considering all these factors and the different
potential durations of the explicit instruction phase, there are
interventions with a great variety of total time invested.

It is just as important to consider the variability of interven-
tions used as controls to compare the efficacy of PS-I. It is often
the case that PS-l is compared with what are generally called
‘Instruction before Problem-Solving’ interventions (I-PS). Similarly
than PS-I, these interventions also include a problem-solving phase
related to the target contents, but only after students have
received some explicit instruction about them. This initial instruc-
tion is often provided through lecture (e.g., Kapur, 2014,
Weaver, 2018) or through worked examples to study (e.g.,
Schwartz, 2011). Worked examples refer to problems that show
the resolution procedures. Interventions with no problem-solving
phase are also used, in which the initial problem-solving activity of
PS-I is substituted with a worked example study (e.g., Glogger-
Frey, 2015; Glogger-Frey, 2017). Lastly, other comparative
interventions are more alike to the PS-I interventions in the sense
that they also start with the initial problem-solving activity, but
they provide some content guidance along with it. For example, it

is common that some parts of the solution procedures are written

(e.g., Likourezos, 2017; Newman, 2019). All of these types of
comparisons will be considered within this review in as much as
they have the same activities included in the instruction phase of
the PS-I intervention. Yet, separate meta-analysis will be used for
each type of comparison.

1.3 | How the intervention might work

There are several mechanisms of PS-l interventions that can
influence learning and motivation, either positively or negatively.
These mechanisms can interact, either compensating or reinforcing
each other. Figure 1 depicts a proposal of these mechanisms, which is
based on the theoretical proposal of Loibl (2017) regarding the
cognitive PS-1 mechanisms that influence learning, but it aims to

integrate motivational mechanisms within it.

1.3.1 | Potential PS-I learning mechanisms

One potential mechanism through which PS-1 can favour learning is
the opportunity in the initial problem-solving activity to activate,
differentiate, and generate prior knowledge in relation to the
concepts that will be explained later (Kapur, 2012a). As students
try to explore different solutions, they can become familiar with the
problem situation and relevant features of the concepts to be
explained. This familiarization can help students to more easily
understand and integrate the explanations given later.

Furthermore, PS-I also gives students a creative role during the
exploration of the initial problem. Students can generate solutions
using their own ideas, including ideas seen in previous classes, but
also ideas from real life experiences. ldeas from real life experiences
are accessible to all students and can constitute an additional and
important support to integrated learning (Kapur, 2011a).

Several studies support the efficacy of activating prior knowl-
edge with this creative component of generating personal ideas.
Relative to other interventions where prior knowledge is activated
through exploratory activities without this creative component, PS-I
led to greater conceptual understanding and transfer at the end of
the lesson (Glogger-Frey, 2017; Kapur, 2011; Kapur, 2014a;
Schwartz, 2011). Also, it is interesting that the number of solutions
generated by students during the initial problem-solving phase of PS-
| have been associated with greater conceptual knowledge and
transfer, regardless of whether the generated solutions were right or
wrong (Kapur, 2011a; Kapur, 2012).

Another complementary mechanism of PS-l that can favour
learning is its potential to increase awareness of knowledge gaps.
Humans often process information superficially, and unconsciously use
this superficial knowledge to support a false illusion of understanding
(Kahneman, 2011). In this regard, the experience of impasses within the
initial problem can help students to become more aware of their
knowledge gaps, which in turn can facilitate further exploration and
recognition of deep features (Chi, 2000; VanLehn, 1999).
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FIGURE 1 Theoretical model of different variables that might be associated with the efficacy of problem solving before instruction (PS-I).

In support to these claims, several studies showed that students
in PS-I interventions reported higher awareness of knowledge gaps
than students in alternative interventions in which the new concepts
were directly explained from the beginning (Glogger-Frey, 2015;
Loibl, 2014). Also, students in PS-1 interventions had a better memory
of the structural components of the problems presented than
students in other interventions where the same problems were
presented after some explanations (Schwartz, 2011) or together with
explanations (Glogger-Frey, 2017).

As discussed in Loibl (2017), it is important to consider the
synergy that can occur between these mechanisms. It is likely that
the greater the creative role assumed by the students, the greater the
number of solutions they try, and the greater their activation of prior
knowledge. In turn, it is also likely that the greater number of
solutions attempted leads to greater opportunities to make mistakes,
find impasses, and become aware of their learning gaps (see diagonal
arrows in Figure 1 towards conceptual knowledge). The process can
also be recursive. As learners become more aware of their learning
gaps, prior knowledge activation is also more likely to be related to
relevant aspects of concepts.

Lastly, another mechanism that can synergically reinforce these
learning processes is the potential effect of PS-lI to increase
motivation for learning, which is discussed in the following section.
Motivation is defined as our desire to engage in the learning activity
(Nafez, 2009), and can increase engagement in all learning
processes previously mentioned (see wide white arrow coming

out of Motivation for learning in Figure 1).

1.3.2 | Potential PS-1 motivation mechanisms

PS-I can increase motivation for learning through several potential
mechanisms (see horizontal arrows in Figure 1). First, it can be
facilitated by the previously hypothesized PS-| effect of promoting
awareness of knowledge gaps. Some theories assume that we are
intrinsically driven to acquire knowledge, and the mere perception of
knowledge gaps often triggers curiosity, or the desire to fill that gap
(Golman, 2018; Loewenstein, 1994). Several studies have shown that
students who learned through PS-1 experienced greater curiosity and
interest than students who started the learning process with explicit
instruction (Glogger-Frey, 2015; Lamnina, 2019; Weaver, 2018).
Also, the study of Glogger-Frey, 2015 found associations between
the perception of knowledge gaps in PS-I and curiosity.

The creative role that students can adopt in PS-I can stimulate
achievement motivation, which refers to the motivation to perform
well in the learning activities (Nufiez, 2009). Students in the initial
problem-solving activity of PS-I are creating information, rather than
just assimilating information given from outside, which can trigger a
sense of responsibility and ownership in the task of constructing
knowledge (Ryan, 2009; Urdan, 2006). Based on that, some students
might try to perform the best they can to see their performance
capabilities, and to maximize their learning. Literature in this sense is
very scarce, but it was observed in one study that high school
students in a PS-I condition for learning geometry experienced higher
achievement motivation than students in more guided interventions
(Likourezos, 2017).
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It is also important to consider the interrelation between learning
and motivation. The hypothesized higher learning in PS-I can lead to a
higher sense of self-efficacy for students in this condition, which in

turn can increase motivation for learning (NUfez, 2009).

1.3.3 | Potential negative effects of PS-I on learning
Although the experiencing of impasses can have important benefits when
triggering awareness of knowledge gaps, it might have some negative
implications. Given the inexperience of students in the topic, it is likely
that they spend time attending to irrelevant information when they try to
solve the impasses. In turn, this can generate extraneous cognitive load
(Clark, 2012), which refers to a saturation in our attentional capacity due
to processing irrelevant aspects, and can reduce the attentional resources
available to focus on important information (Sweller, 2019). Therefore,
this extraneous cognitive load can interfere in the recognition of deep
features during the initial problem (Clark, 2012).

In this regard, several studies have shown that students in the initial
problem-solving activity of PS-I reported higher extraneous cognitive load
than students who faced similar problems that included explanations of
the solution processes (Glogger-Frey, 2015; Glogger-Frey, 2017,
Likourezos, 2017). In turn, this higher extraneous cognitive load was
associated with lower learning (Glogger-Frey, 2015; Glogger-Frey, 2017),
even when the final learning was higher within students in the PS-I
condition (Glogger-Frey, 2017). Overall, these results suggest a complex
interaction of negative and positive effects in PS-I interventions, in which
the positive mechanisms that we have described is balanced with the
extraneous cognitive load that some students can experience (see the
dashed arrow coming from extraneous cognitive load towards

recognition of deep features in Figure 1).

1.3.4 | Potential negative effects of PS-1 on
motivation

A potential factor that can demotivate students in PS-I interventions is
the frustration they can feel in the initial problem-solving phase
(Clark, 2012). Frustration can arouse in the initial problem-solving activity
because of the experiencing of extraneous cognitive load or because of
the sensation of failing to achieve the correct solution within the impasse
experiences. In turn, frustration can have demotivating effects, such as
reducing intrinsic motivation (Loderer, 2018), or contributing to fatigue
(Pekrun, 2011; Pekrun, 2012). Recent studies have shown higher
frustration (Gonzalez-Cabaries, 2020) or negative affect (Lamnina, 2019)
in PS-I students versus students in a typical instruction condition where

they started the learning process with explanations.

1.3.5 | Hypotheses about general effects

Considering this variety of potential positive and negative mecha-
nisms, it is of great importance to study the final effects in learning

and motivation. In line with the previous reviews of Loibl (2017) and
Sinha (2021), we expect that PS-l, in comparison with alternative
interventions, will be associated with the higher performance of
students in post-tests of conceptual knowledge taken after the
lesson, but not with performance in concurrent post-tests of
procedural knowledge. Procedural knowledge can be acquired
through memorization, and therefore the potential described
PS-I mechanisms of promoting activation of prior knowledge and
awareness of knowledge gaps might have little influence on it. Yet,
we expect that these potential mental processes can greatly impact
conceptual knowledge, which refers to the understanding of
principles and relationships that underlie concepts and procedures.
Conceptual knowledge not only relies on memorization, but also on
the identification of structural features of the concepts. These mental
processes can also have a great impact in transfer. Transfer can be
facilitated by the activation of prior knowledge, as it can rely on
the integration between prior knowledge and new knowledge
(Loibl, 2017), and generally by the acquisition of conceptual
knowledge (Mayer, 2003). Only with a clear mental representation
of how the procedures work can we perceive whether the
procedures generalize to other contexts.

Although there is no previous review regarding motivation for
learning, we expect that PS-| interventions will be associated with
higher scores in self-reports of interest taken after the lesson,
because of the effects PS-I can have on achievement motivation and

curiosity.

1.3.6 |
PS-1

Factors that can moderate the efficacy of

In spite of these hypothesized general effects of PS-I on learning and
motivation, a great variety of factors can moderate these effects.
Among them, are design features of the interventions, intensity of
the interventions, age of students, learning domain, and activities
used as control. It is important to note that, as previoulsy described,
learning and motivation can benefit each other, and therefore we will

consider all moderators as potentially influencing both.

Design features

The different design features used in PS-| interventions can have
different effects on the previously described mechanisms, and
therefore in the general efficacy of PS-I on learning and motivation.
Below we describe some of the design features frequently discussed
and used in the literature, which we will consider as potential

moderators in the present review.

e Contrasting cases. Contrasting cases is a form of guidance that is
often used to present the data of the initial problem (e.g.,
Loibl, 2020; Schwartz, 2011). It consists of examples that differ
on a few features that are relevant to the target knowledge
(Schwartz, 2004). For example, in the contrasting cases shown in

Section 1 of Table 1, which was designed for learning about
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statistical variability of data distributions, we can see how the
distributions of scores for player A and player B differ in the range,
but not in other features of the distribution such as the mean, the
number of scores, and the spread of scores. In contrast, the
distribution of player B and player C's scores differ in the spread of
the scores, but not in the range or other characteristics. It has been
argued that the comparison of cases can help students focus on
the relevant features of the problem (Loibl, 2017; Salmerén, 2013;
Schwartz, 2004). Also, contrasting cases can help students become
aware of their knowledge gaps, because students can rank the
cases and self-evaluate their solutions in regard to it (Loibl, 2017;
Schwartz, 2004). Finally, contrasting cases may reduce extraneous
cognitive load during problem-solving and its associated
frustration.

o Metacognitive guidance. The initial problem is often presented
with metacognitive guidance during problem solving (e.g.,
Holmes, 2014; Roll, 2012). Metacognitive guidance refers to
prompts that do not address content, but rather are meant to
stimulate conscious mental strategies such as monitoring and
reflection processes. This type of guidance can stimulate mental
processes that can lead students to become more aware of
knowledge gaps and to recognize deep features (Holmes, 2014;
Roll, 2012). For example, the metacognitive guidance in Section 2
of Table 1 can trigger students to reflect on critical features they
perceive in the data distributions and the limitations of the
solution ideas they generate.

o Collaborative work. Allowing students to work on the initial
problem-solving activity in small groups, rather than asking them
to work individually, might influence the relative efficacy of PS-I
(Mazziotti, 2019). Collaborative problem-solving is a context that
brings opportunities for elaborating and critiquing ideas
(Kapur, 2012a; Webb, 2014). Several studies have found that
problem-solving in pairs was associated with higher performance
than working individually (Teasley, 1995; Webb, 1993). Also, the
extent to which students engage in dialectical argumentation with
each other's ideas and explain their problem-solving strategies has
been associated with higher problem-solving achievement and
higher acquisition of conceptual knowledge (Asterhan, 2009;
Webb, 2014). Based on this, we expect that working on the initial
problem in groups will be associated with higher efficacy for PS-I
than working individually.

e Building explanations of explicit instruction phase on students'
solutions. PS-1 interventions often include explanations in the
explicit instruction phase that draws students' attention to the
affordances and limitations of students' typical solutions given in
the previous problem-solving phase (e.g., Kapur, 2012a;
Kapur, 2014; Loibl, 2014a). An example can be seen in Section 3
of Table 1. It can be considered a form of guidance for the
problem-solving activity that, rather than given during the
problem-solving phase, it is provided afterwards to help students
reorganize the ideas they activated during the problem-resolution.
It has been argued that this feedback can help students to become
more aware of their knowledge gaps, and to focus on the relevant
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features within the complexity of the target concepts
(Kapur, 2012a; Loibl, 2017).

Duration of the PS-I intervention

The duration of the PS-I intervention can have an important effect on
its efficacy to promote learning and motivation, because of a higher
dosage of the hypothesized PS-I effects. We expect a higher efficacy

of PS-l in longer interventions.

Age of students

As considered in the prior review of Sinha (2021), age might be
associated with the relative efficacy of PS-l1 because of the relation
between age and metacognitive development. Metacognition refers
to the awareness of our own mental processes and the control we
have over them (Schraw, 1994), and has been argued to have an
important influence on several PS-I mechanisms (Glogger-
Frey, 2017). First, it can help students to become aware of their
knowledge gaps. Students with low metacognitive skills might not
relate the limitations of the solutions they generated with the
solutions explained later (Roll, 2012). Second, metacognition can also
help students to discern what information is relevant from the
information that is not, which can reduce the extraneous cognitive
load experienced during the initial problem-solving phase and its
associated frustration. However, these metacognitive capacities
might develop slowly with age (Veenman, 2005). Based on these
assumptions, we expect that the higher the age of the students, the
higher the efficacy of PS-l to promote conceptual knowledge,

transfer, and motivation for learning.

Learning domain

The learning domain in which PS-1 is applied might have an important
influence on the efficacy of PS-I. In math and science domains (e.g.,
statistics, physics) conceptual structures are often abstract and
complex, and the deep learning processes expected to be promoted
in PS-1 interventions might be more significant in these domains.
Specifically, in this review we expect that higher efficacy of PS-I will
be found in math and science domains than in other domains.

Control conditions used for comparison

The types of control conditions used to compare PS-l can have a
great influence in the relative efficacy of PS-I. In the literature we
have identified several types of comparative interventions:

1. Instruction with lecture before problem-solving. Share with the PS-I
intervention both the problem-solving phase and the other
learning activities in the instruction phase, but instead of
introducing the contents with the problem-solving activity, the
contents are introduced with a lecture about the target concepts,
in which students have to listen to the explanations of the
concepts at a given pace.

2. Instruction with worked-examples exploration before problem-
solving. Share with the PS-l intervention both the problem-
solving phase and the other learning activities in the instruction
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phase, but instead of introducing the contents with the problem-
solving activity, the contents are introduced with a worked
example that they study at their own pace.

3. Instruction with worked example exploration before further instruc-
tion. These interventions do not include problem-solving activi-
ties. They share with the PS-l intervention all the learning
activities in the instruction phase, which are activities that do
not include problem-solving. Also, instead of the initial problem-
solving activity of PS-I, they start with a worked example, where
students study the resolution procedures to problems at their
own pace.

4. Problem-solving with content guidance before instruction. Share
with the PS-l intervention all the learning activities in the
instruction phase, and also start with the initial problem-solving
activity used in the PS-I intervention, but provide students with

some content guidance during it.

We expect that PS-1 would lead to higher benefits in terms of
learning and motivation than these control conditions. Although
extraneous cognitive load and frustration might be lower in the initial
phases of these control conditions than in PS-I, the initial problem-
solving phase of PS-I gives students an opportunity to acquire a
creative role and to experience impasses that are not given in other
conditions.

Nevertheless, we expect that the relative efficacy of PS-1 would
be higher when compared with conditions that introduce the
concepts with a lecture (1), rather than when they are introduced
with worked-examples or problems with content guidance (2-4). In
these latter control conditions, students start by exploring informa-
tion at their own pace, which, similarly to PS-I, gives them the
opportunity to activate prior knowledge before receiving explana-
tions from the professor. As we have previously described, activation
of prior knowledge can potentially favour the assimilation of
explanations (Carriedo, 1995; Smith, 1992; Sweller, 2019). This
pattern of results would be in line with the results of Newman, 2019,
in which the advantage of PS-1 in terms of learning was higher when
compared against the introduction of concepts with a lecture, rather
than when PS-1 was compared against interventions that introduced
concepts with worked-examples or problems with content guidance.

Additionally, among these last comparative interventions (2-4)
we also hypothesize that the relative efficacy of PS-1 will be higher
when compared with interventions that do not include a problem-
solving phase (3) than when this problem-solving phase is included (2,
4). Problem-solving activities can help students to reflect and reason
about the target concept, and missing these types of activities can

have implications in conceptual knowledge acquired.

14 | Why it is important to do this review

There are four reviews in the literature that have provided interesting
insights into the efficacy of PS-l (Darabi, 2018; Jackson, 2021;
Loibl, 2017; Sinha, 2021).

First, the review by Jackson (2021) is a qualitative review that
included studies from educational databases and conferences that
addressed factors that can influence learning from failures in STEM
courses. It included studies about PS-I interventions, where failure is
expected in the initial problem, but also other type of studies that
addressed learning from failures. Considering the results of the 35
papers included, they discussed that the efficacy of learning from
failure could depend on factors such as whether students concep-
tualize the failures as learning opportunities, the promotion of
positive affective reactions such as persistence, the promotion of a
classroom climate to speak about failures and embrace them, and the
use of failures as stimuli to identify misconceptions and induce
thoughtfulness about key features. Although the presence of these
factors can be important in the efficacy of PS-I to promote learning
and motivation, this review was limited in that these factors were not
addressed quantitatively.

The review of Loibl (2017), specifically focused on the efficacy of
PS-I to promote learning, and provided a vote counting procedure to
synthetize the literature results. Their results suggested that the
efficacy of PS-I depended on the type of learning outcome
considered. Across the 34 studies they identified, they found that
most studies reported no significant differences between PS-I and
other alternative approaches in terms of procedural knowledge,
which just refers to the capacity to reproduce memorized procedures
covered in class. However, when the evaluation was made in terms of
conceptual knowledge or transfer, PS-I generally led to more positive
results. For example, out of 17 studies, they identified 10 studies
where transfer was significantly higher in PS-1 approaches, 1 study in
which it was higher in alternative approaches, and 6 studies showing
no significant difference. They also explored the effect of different
PS-1 design features, for which they proposed an interesting
moderator: whether PS-1 was presented in combination with
techniques oriented to foster awareness of knowledge gaps and
recognition of deep features, such as contrasting cases or building
instruction on students' solutions. They found that when any of these
forms of guidance were present, it was more likely to find a positive
significant difference for PS-I.

However, there are important aspects in relation to the scope
and methods of this review that are important to address. First, the
results were analysed using a vote counting procedure instead of
meta-analysis techniques. Second, their results could be easily
contaminated by publication bias and availability bias, because,
beyond looking into the list of references of some of the localized
studies, they did not try to find studies within the grey literature.
Finally, they did not consider the outcome of motivation for learning,
nor some of the other potential moderating factors commented here,
such as the type of control activities used for comparing PS-I, or the
intensity of PS-I interventions.

The review by Darabi (2018) provided some meta-analytic
evidence about the general efficacy of PS-I on learning. However,
the scope of this review was larger and less specific. Their goal was to
evaluate educational approaches based on learning from failures,

which included PS-lI approaches, but also other failure-driven
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approaches. In spite of that, out of the 23 studies that they ended up
identifying, 22 were about the effectiveness of PS-l. The results
suggested that students who learned through failure-driven ap-
proaches acquired more knowledge than students who learned
through alternative approaches, with a moderate effect size
(g=0.43). They also explored the influence of interesting moderators
such as age or intensity of the intervention, for which they found no
significant results.

Nevertheless, this review has important aspects to address.
Beyond mixing results of PS-l interventions with other failure-driven
interventions, results can be biased because of mixing different types of
learning outcomes. They aggregated together outcomes that referred
to procedural knowledge, conceptual knowledge, and transfer, which
according to the review of Loibl (2017) can lead to very different
results. Also, these results might be biased by availability and
publication bias, as suggested by their post-hoc analyses. They only
searched in few databases and using a very short variety of keywords,
which can explain why, in spite of being more recent than the Loibl
(2017) review, they identified considerably fewer studies.

Lastly, the review of Sinha (2021), specifically focused on the
efficacy of PS-I interventions to promote learning in comparison to
other interventions in which explicit instruction were provided from
the beginning. Up to date, their review is the one that includes more
studies about this topic. Sinha and Kapur (2021) included 53 studies
that were selected from studies that had cited in Google Scholar
some of the reference articles of productive failure, a specific
approach of PS-I. Their review also had the advantage of analysing
the results with meta-analysis techniques. The results showed a
significant moderate effect in favour of PS-lI (g=0.36) versus
alternative interventions, using an aggregation of measures that
included tests of conceptual knowledge and transfer. Their modera-
tion analyses showed that this effect was higher when using PS-I
design features such as using group work in the problem-solving
phase (g=0.49), or building the explanations of the explicit
instruction phase on students' solutions (g =0.56). The use of other
design features, duration of the interventions, age, and learning
discipline did not show significant differences.

However, it is important to consider some aspects to comple-
ment in this review. First, the search of studies was limited to studies
citing pioneer papers of productive failure in Google Scholar, which
can leave behind studies about PS-I not available in this source, or
that are disconnected from the productive failure literature. Second,
it did not consider the different types of control interventions to
compare the efficacy of PS-l. Also, it did not include motivational
outcomes. Lastly, most of the effect sizes reported were based on a
substantial body of studies in which no equivalence between
conditions was kept in terms of learning materials. Only the effect
size they reported for the subgroup of experimental studies is
expected to be free from these studies (g =0.25).

While trying to overcome their mentioned methodological
limitations, the upcoming review aims to update the evidence of
these four reviews. It also aims to consider a greater variety of

outcomes and moderators. Regarding the outcomes, rather than just
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considering different types of learning, the upcoming review will also
consider motivation for learning. Regarding factors that can moderate
the efficacy of PS-I, rather than just considering different PS-1 design
features, and contextual factors such as duration or learning domain, it
will also consider the different types of control activities used to
compare the efficacy of PS-I. Lastly, it will also provide separate results
for the main analyses, in which equivalence of materials between PS-I
and other interventions is maintained, and additional exploratory
analyses, in which such equivalence is not necessarily maintained.
Results of this review can have important implications when
considering whether or not to introduce PS-I into the educational
practice. The use of PS-1is very scarce (Pan, 2020), and it is important
to offer updated evidence of whether it can contribute to the
promotion of motivation, conceptual knowledge, and capacity to
transfer learning. This evidence can help instructors to reduce the
uncertainty of trying it. Also, it can help them to get guidance about
which design features or contextual factors can contribute to its

efficacy.

2 | OBJECTIVES

The purpose of this review is to synthesize the evidence about the
efficacy of PS-lI to promote learning and motivation in students.
Specifically, this review is designed to answer the following

questions:

e To what degree does PS-l affect learning and motivation, relative
to alternative learning approaches?

o To what extent is the efficacy of PS-I associated with the use of
different design features within it, including the use of group work,
contrasting cases, and metacognitive guidance in the initial
problem-solving activity, and the use of explanations that build
upon students' solutions in the explicit instruction phase?

e To what extent is the relative efficacy of PS-I associated with the
contextual factors of activities used as control, age of students,
duration of the interventions, and learning domain?

e What is the quality of the existent evidence to evaluate these
questions in terms of number of studies included and potential

biases derived from publication and methodological restrictions?

3 | METHODS
3.1 | Criteria for considering studies for this review
3.1.1 | Types of studies

Al studies included in the review will fulfil the following

requirements:

e They must involve a comparison of at least one group that goes

through PS-1 with at least one comparative group that goes
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through an alternative intervention in which the teaching of the
target concepts starts by providing students with some content.
e They will either be randomized controlled trials or quasi-
experimental designs in which different students are assigned to
the PS-I conditions and the control conditions. For both types of
designs, we will include studies in which the unit of assignment is
either the students or students' groups (e.g., class groups, work
groups). Also, for both types of designs, we will include studies in
which the assignment method is random, quasi-random, or even

not random.

Nevertheless, we will exclude studies if the assignment leads to
any difference between the PS-I group and the comparative group
that can affect learning (e.g., if one group belongs to class groups or
schools with recognized better performance than the other group), or
if pre-existing differences between these two groups in terms of age,
gender, or previous knowledge are statistically significant, as
indicated by inferential statistical tests for group comparisons, using
a level of statistical significance of p <.05. This exclusion criterion
would apply for both quasi-experimental designs and randomized
controlled trials. Studies where teaching time is not the same for both
groups will also be excluded.

In regard to the equivalence of teaching contents, we will have
different inclusion criteria for the main analyses and complementary
exploratory analyses. For the main analyses, we will only include
studies in which the PS-l group and the control group receive the
same contents about the target concepts, and in which the learning
activities are also the same but with the exception that the PS-I group
would perform a problem-solving activity at the beginning of the
intervention, and, during the same amount of time but not necessarily
at the same time, the comparative group would perform alternative
activities covering the same contents.

For the additional exploratory analyses, we will include studies in
which such an equivalence of contents and activities is not
maintained, which often occurs in studies that use a business-as-
usual comparative condition. For example, in some studies the
explicit instruction phase of the PS-I condition includes explanations
that build on the students’ generated solutions, while such explana-

tions are not given in the comparative condition (e.g., Kapur, 2012a).

3.1.2 | Types of participants

The studies must have child or adult students as participants. We will
not have an exclusion criterion based on age. Students from any
developmental stage can potentially benefit from PS-I. Eligible
samples would also include populations at risk because of socio-
economic disadvantage, such as students from specific ethnicities or
minorities, inner-city schools, prison populations, or students who
have poor school performance. These populations are important for
inclusive education policies, and all of them have the potential to
benefit from PS-l. Samples consisting exclusively of people with a
specific psychological diagnosis will be excluded because of the

complexity of interpreting the variability generated by these

populations.

3.1.3 | Types of interventions

Studies eligible for this review will have to examine the effectiveness
of PS-l, and therefore will be required to have at least one group of
students go through this approach, which will be defined by the

following components:

o Students start the learning process with a problem-solving activity
that targets concepts they have not yet learned,

e For which they are given time to develop solutions on their own,

e And that will be followed by a separate phase of explicit
instruction about the new concepts, in which students can listen

to or read these concepts.

Within PS-| interventions there are possible additional charac-
teristics that we might consider in the moderation analyses, but not
within our inclusion criteria. Specifically, for the initial problem-
solving phase we will consider the presence of (a) contrasting cases;
(b) metacognitive guidance; and (c) collaborative work. For the
posterior instruction phase we will consider the presence of
explanations that build upon students' solutions. Table 1 shows
examples for these variables. We will also consider interventions with
different durations, which can range from one session to several
sessions.

It is important to note that we will exclude studies where
students are faced with novel problems but they are not given the
opportunity to solve them on their own. Examples of this situation
include studies where students have access to external sources of
information from the beginning of the problem-solving activity (e.g.,
Tandogan, 2007), or where the problem only acts as a scenario to
stimulate students' expression of their first intuitions.

Regarding the comparison condition, eligible studies have to at
least include one control group that is given the same learning
materials as the PS-I group, but instead of going through the initial
problem-solving activity, they work through an alternative activity.
Examples of these alternative activities include: (a) the same problem-
solving activity but used as a practice activity, which is provided to
students once they have received all or part of the instruction about
the target concepts; (b) the same problem-solving activity but used in
the form of a worked example; (c) other alternative activities that
maintains a balance between the two interventions in terms of time
and content covered.

Examples of eligible studies are summarized below:

e Study 1 in Kapur (2014) assigned several statistics classes,
composed of 75 9th grade students, into two learning conditions.
In the PS-| condition, students first had one hour to solve a novel
problem about designing variability measures (phase 1), then they

received another hour of explicit instruction about the standard
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deviation concept accompanied with practice problems (phase 2).
In the control condition, students went through the same two
phases but in reverse order. In the post-test, students in the PS-I
condition outperformed those in the control condition in concep-
tual knowledge and transfer of learning, but not in procedural
knowledge. During the learning process, students' engagement did
not differ between conditions, but mental effort was higher for
students in the PS-1 condition.

e A study by Likourezos (2017) assigned, within their classes, 72 8th
grade students into three learning conditions that spanned six 1-h
sessions of geometry. In the PS-1 condition the sessions were
composed of two phases, a 30 min phase in which students solved
novel problems, then an explicit instruction phase of 30 min. In the
control condition the initial problems were substituted by worked
out examples, which were the same as the problems used in the
PS-I condition but totally solved and included explanations that
students could study. In a second control condition, which authors
called partially-guided, these worked-examples only included the
final solution, and students had to figure out the process. Post-test
results showed no significant differences between conditions in
learning transfer nor procedural knowledge. Yet, some differences
were found during the learning process in terms of motivation and

the cognitive load students experienced.

3.1.4 | Types of outcome measures

Primary outcomes
Eligible studies must report either outcomes for learning or
motivation for learning after the intervention.

In terms of learning we will consider two of the primary
outcomes already analysed in the review of Loibl, 2017, conceptual

knowledge and transfer:

e Conceptual knowledge is defined as the understanding of the
structure and relationships that underlie a taught concept or
procedure. It is generally measured by testing students in
principle-based reasoning, where they have to explain the why
of different situations or procedures, or in the ability to connect
different representations (refer to the conceptual knowledge post-
test in Kapur, 2012 for an example).

e Transfer is defined as the ability to adapt the learned concepts to
new situations. It is generally measured by asking students to solve
problems that have no explicit relation with the concepts learned,
and that are novel in the sense that have a new structure or occur in
a new context compared to the problems students have previously

seen (refer to the transfer post-test in Kapur, 2012 for an example).

Measures of conceptual knowledge and transfer reported in the
literature are generally not previously validated. They are generally
created for the specific contents seen in each study. To be as
comprehensive as possible we will include studies with un-validated

measures as long as the items correspond to our definitions of

c Campbell L WILEY 11 0f 19

Collaborahon

conceptual learning or transfer. We will only consider measures of
students' performance, based on knowledge tests completed by
students after the end of the interventions.

Concerning motivation, the planned primary outcome will be
motivation for learning, which we define as a desire to engage in
learning about the topic that has been taught. For its measurement we
will primarily consider self-report measures of interest, which refers to
the perception of caring about learning the topic, and which is generally
measured with questionnaires that ask students about the intensity with
which they have different motives for learning. As a second priority to
measure motivation for learning we will also consider self-report
measures of curiosity. Curiosity is an important component of interest,
but it is more specific in the sense that refers to the desire of knowing. It
is generally measured through questionnaires that ask students about the
intensity with which they feel this sensation. The PS-I literature has often
used measures of interest or curiosity that have not been previously
validated. To be as inclusive as possible, studies with non-validated
measures will be considered, but only as long as the items correspond
with our definition of motivation for learning. Measures of engagement in
the learning task will not be considered as indicators of motivation for
learning, because engagement can be influenced by different factors not
related to motivation, such as the task requirements.

Finally, it is important to consider that in the literature these
measures are often measured at different time points during and after
PS-I interventions. For the main analysis we will consider the first
measurement taken at the end of the learning process. Yet, other

measurement times might be considered if available for several studies.

Secondary outcomes

We will code, and potentially consider as secondary outcomes:

e Procedural knowledge, defined as the ability to correctly apply the
learned procedures (Loibl, 2017). It is generally measured by
testing students in the ability to carry out a set of steps, such as
solving plug-and-chug problems, or questions to develop a set of
learned procedures.

e General measures of learning that mix items of procedural
knowledge, conceptual knowledge, and/or transfer. These types
of measures can be common in applied studies that use a typical
exam to evaluate performance.

e Factors that can influence the learning process, such as engage-
ment, cognitive load, or number of solutions generated during the
problem-solving activity.

e Factors that can influence motivation, such as self-efficacy,
anxiety and frustration.

e Qutcomes related to implementing the activities, such as work

load experienced by the professors who implement the activity.

3.2 | Search methods for identification of studies

Different sources will be searched to include published and
unpublished international studies written in English or Spanish, with
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no date restriction. Although we might have problems scanning
studies written in other languages than English or Spanish, no

language limits will be applied in the searches.

3.2.1 | Electronic searches

Based on the guidelines and lists of databases of Kugley (2017) for
selecting electronic searches, we will search within the following
sources that include journal articles, conference proceedings,

government documents, and dissertations:

o Databases for scientific literature, either with a general scope or
with a scope focused on education. Across them, we will search in
all the six indexed of Web of Science, PsycINFO, ERIC, MEDLINE,
Google Scholar, Academic Search Complete (EBSCO), Education
Abstracts (EBSCO), Education Full Text (EBSCO), SciELO, and
Dialnet.

o Databases that are broadly open to grey literature. Across them,
we will search in EBSCO Open Dissertations, ProQuest Disserta-
tions & Theses Global, EThOS, TESEO, and the Networked Digital
Library for Theses and Dissertations.

Within these databases, we will use a combination of keywords
that refer to PS-| interventions (e.g., ‘Problem-solving’ AND ‘Explicit
instruction’ OR ‘Problem-solving before Instruction’ OR ‘Productive
Failure’ OR ‘Inventing to Prepare for Future Learning’). To make the
output more specific, this combination may be restricted with a
combination of keywords that refer to our primary outcomes (e.g.,
‘learning’ OR ‘motivation’) and/or a combination of keywords
referring to our eligible population (e.g., ‘students’ OR ‘pupils’).

Appendix 1 shows an example of a strategy search in PsycINFO.

3.2.2 | Searching other resources
Beyond electronic searches, we will use other sources, including:

o Citations associated with systematic reviews and relevant studies.
Specifically, we will search in the list of references of previous
systematic reviews about PS-1 (Darabi, 2018; Jackson, 2021;
Loibl, 2020; Sinha, 2021). Additionally, we will use Google Scholar
to search across the documents that have cited either these reviews
or the reports that are considered pioneers in PS-l approaches
(Kapur, 2008; Kapur, 2012a; Schwartz, 1998; Schwartz, 2004).
Lastly, the review team will check reference lists of included studies,
and the citations in Google Scholar to these included studies.

e Conference proceedings of educational conferences. We will
search in proceedings of conferences celebrated in the last 15
years of the European Educational Research Association (EERA)
and the International Society of the Learning Sciences (ISLS).

e Documents from international and national organizations. We will
search for publications in the OECD (https://www.oecd-ilibrary.

org/), the UNESCO (https://www.unesco.org/es/ideas-data/
publications), the World Bank (https://www.worldbank.org/en/
research), the Eurydice Network (https://eacea.ec.europa.eu/
national-policies/eurydice/), the US Department of Education
(https://www.ed.gov/), and the Spanish Department of Education
and Professional Training (https://www.educacionyfp.gob.es/
portada.html).

e Hand searches of journals. Four journals that frequently publish
about PS-I interventions will be hand searched for documents
published in the last 5 years: Instructional Science, Learning and
Instruction, Cognition and Instruction, and Journal of Educational
Psychology.

e Communications with international experts. After finishing the
search in other sources, we will email all the contacting authors of
the identified studies to ask them about additional studies they
may know of, including unpublished studies. This email will contain
a comprehensive list of the included articles along with the
inclusion criteria.

3.3 | Data collection and analysis

3.3.1 | Selection of studies

Study selection will be done through the software Covidence. After
eliminating duplicated manuscripts, we will screen the titles and
abstracts of the remaining manuscripts to evaluate their potential
inclusion. Among these pre-selected manuscripts, we will screen the
full texts to consider if they meet our inclusion criteria. For these two
screening processes, 20% of the manuscripts will be screened
individually by two members of the team. If for a given subset of
manuscripts, the level of agreement is below 80%, the subset will be
screened again until reaching this standard. The level of agreement
will be reported. Disagreements will be resolved by discussion until
reaching consensus. If disagreements persist, a third reviewer in the
team will be consulted.

3.3.2 | Data extraction and management
Data of the primary studies will be directly introduced in two forms in
a Microsoft Access document that can be found in the following link,
together with the coding manual: https://www.dropbox.com/sh/
u3nri2ayilaezps/AADQngLciNF_gGLrRSpgKtofa?dI=0.

The first form is the Reports Form, and will be used to code
information about each report that, after screening, contains any
study suspected to be included in the review. It includes variables
related to the following:

o Title of the report.

e Year of publication and type of publication.
e Authors and affiliations.

e Studies contained in the report.
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The second form is the Studies Form, and will be used to code
information of each study in the reports that has been preliminarily

accepted to inclusion. It includes variables related to the following:

e Setting (e.g., public vs. private institutions, special education units,
topic taught).

e Sample characteristics (e.g., sex ratio, age mean).

e Design features of the PS-l and comparative interventions (e.g.,
use of contrasting cases, group work, metacognitive guidance).

e Information related to risk of bias (e.g., assignment procedures,
control of extraneous variables, attrition)

e Implementation characteristics (e.g., person who delivers the
intervention, duration of intervention).

e Types of control groups being compared.

e Characteristics of measures used (e.g., internal reliability).

e Characteristics of the effect sizes (e.g., time passed from the end
of the intervention to the measurement).

e Effect sizes for different subgroups (e.g., effect sizes of sub-

samples with different levels of prior knowledge).

This form automatically calculates effect sizes and their related
statistics after introducing the means, standard deviations, and
sample sizes reported in the primary studies. In cases where this
information is not reported, the coders will use the Campbell
Collaboration online calculator to calculate effect sizes from other
reported values.

To evaluate the coding reliability, the Studies Form will be
completed by two coders for a random selection of 10% of the studies.
Discrepancies will be resolved by further review of the reports and by
discussion until an agreement is reached. If we identify relevant
variables during the coding process, they will be added to the

questionnaire.

3.3.3 | Assessment of risk of bias in included studies

Risk of biases will be assessed using several items in the Studies Form
(refer to Data extraction and management) that address the five
domains of the Cochrane Risk of Bias Tool for Randomized Trials
(Sterne, 2019). However, in comparison to this tool, we changed
some items in each domain to specifically adapt to the context of this

review:

e Randomization process: we will code for whether the units of
assighment are students or students' groups, and whether
assignment is random. We will also code the identification of
baseline differences in terms of gender, age, previous knowledge,
or other relevant variable identified, and whether this data is
reported.

e Deviations from the intended intervention: we will code for
whether the PS-I interventions and the control interventions were
implemented in the same place, at the same time, with the same

implementers, with the same durations, with similar levels of
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attrition, and covering the same contents. It will also be coded
whether implementers were blind, and whether it was used a pre-
test including problem-solving activities related to the contents to
cover, which can create a PS-I effect in the control interventions
and therefore contaminate the results (Newman, 2019).

e Missing outcome data: missing data higher than 5% for any
relevant comparison will be identified.

e Measurement of the outcome: appropriateness of the measure will
be coded regarding whether the items correspond to the definition
of the construct, using a Likert type scale (yes, probably yes,
probably no, no, cannot tell). Other factors that will be coded include
whether the measure was previously validated, and reliability
indicators in terms of internal reliability and inter-rater reliability.

e Selection in the reported result: the coder will assess the
probability that the reported assessments or analyses were
selected on the basis of the findings, using a Likert type scale
(yes, probably yes, probably no, no, cannot tell).

For each of these five dimensions, coders will assess the degree of
risk of bias (low, high, or some concerns). In case of assessing them as
‘high’ or ‘some concerns’, they will describe the specific effect sizes
affected by this judgement, the direction in which the potential bias is
suspected to affect (favours experimental, favours comparator, towards
null, away from null, unpredictable), and the reasons behind it.

After evaluating these questions, coders will re-evaluate whether
some or all effect sizes taken from the study should be analysed
according to the inclusion criteria. They will also classify these effect
sizes into three categories referring to the general risk of biases: low,

some concerns, or high.

e Low risk of bias will be assigned for studies in which are fulfilled
two requirements: a) participants are randomly assigned to
conditions (unit of assignment is the participant and the method
of assignment was totally random), and b) there is enough
information to assume equivalence between groups and
interventions.

e Some concerns for risk of bias will be assigned for studies in which
only one of these two requirements are fulfilled.

o High risk of bias will be assigned for studies in which none of these

two requirements are fulfilled.

In case of selecting options ‘high’ or ‘some concerns’, descriptions
about the specific effect sizes affected by this assessment, the

direction of the potential bias, and the reasons behind it will be added.

3.3.4 | Measures of treatment effect

For the three primary outcomes of conceptual knowledge, transfer,
and motivation for learning, we will use standardized mean difference
effect sizes, or Cohen's d (Cohen, 1988), to estimate the effect of PS-I
interventions in comparison with other interventions used as a

control, as indicated in the following formula:
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d = (Meanps-| - Meancontrol)/Sp,

where the numerator is the difference of the PS-I group mean minus
the control group mean, and the denominator is the pooled standard
deviation for the two comparison groups. Larger effect sizes will
represent a higher quantity of the outcome in the PS-l group in
comparison to the control group. Once these effect sizes are
obtained, they will be adjusted with the small-sample correction
factor to provide unbiased estimates (Hedges, 1981), and 95%

confidence intervals will be calculated from them.

3.3.5 | Unit of analysis issues

To prevent the inclusion of the same effect size twice in one analysis,
effect sizes for different constructs and different evaluation moments
would be analysed separately. In cases where one study provides
more than one measure for one of the constructs we have defined,
we will select only one measure. First, for that selection we will
follow the priorities already specified for the primary outcomes (refer
to Primary outcomes). Second, if the possibility to select two
outcomes remains, we will select a previously validated measure
over a non-validated measure. Last, if the possibility to select several
outcomes remains, we will select the measure that is most similar to
those used by the other studies.

To prevent that a study that has been published in several
reports is included several times in the analyses, at the end of the
coding process we will explore nonobvious duplicates by looking for
repetitions within the categories of key variables such as authors,
date of publication, or effect sizes.

givenNamesIn multi-aim primary studies that compare two
PS-I groups with one control group, we will carry two options
following recommendations in Higgins, 2019 to avoid weighting as
twice the values of the control group in the aggregated analyses:
(@) when the two PS-l groups are similar, we will treat them as
a single group; (b) when they are not similar, the sample size
of the control group will be divided in half before being compared
with the PS-I groups. A similar strategy but in reverse order will be
conducted when a study compares one PS-I group with two control

groups.

Clustering issues

In the PS-I literature it is common that the units of assignment to
conditions are not the students, but clusters of students, either class
groups or working groups (pairs or small groups of students that work
together in the interventions). To correct for the artificial reduction in
the standard error of the effect size estimates due to these
clusterings, we will follow the recommendations in Higgins (2019)
of multiplying the standard error by the square root of the ‘design

effect’, whose formula is

1 + (average of the cluster size-1) x intracluster correlation

coefficient.

For studies in which the intracluster correlation coefficient is not
reported, we will use the coefficient of similar studies included in the

review.

3.3.6 | Dealing with missing data

To deal with missing data, authors from primary studies will be
contacted via email. In case the requested information is not
received, the study will be reported, but the effects for which there

is missing data will not be included in the analyses.

3.3.7 | Assessment of heterogeneity

We will evaluate the variability across studies using the Q statistic
and its associated chi-square test for inference. Additionally, we will
provide the I? statistic as an indicator of the approximate proportion
of variation that is due to between-study heterogeneity rather than
a sampling error. Lastly, we will estimate the T2 as an absolute

estimation of the magnitude of variation between studies.

3.3.8 | Assessment of reporting biases

To estimate the impact from publication bias, we will use funnel
plots in combination with trim-and-fill analyses. Additionally, we will
analyse the risk of publication bias with the Egger regression tests
and the Kendall tau test.

3.3.9 | Data synthesis

Analyses will include a descriptive summary of the contextual
characteristics, methodological characteristics, sample characteristics,
and outcome characteristics of the included studies.

PS-1 interventions and control interventions will be compared
using averaged effect sizes based on the standardized mean difference,
weighted with the inverse of variance method. Separate averages will
be reported for each of the three primary outcomes of motivation for
learning, conceptual knowledge, and transfer. In turn, for each of these
outcomes, separate meta-analyses will be performed for the compari-
son of PS-I interventions with each type of control intervention (As
defined in section Why it is important to do this review, four different
types of control interventions have been identified: instruction with
lecture before problem-solving, instruction with worked-examples
exploration before problem-solving, instruction with worked examples
exploration before further instruction, and problem-solving with
content guidance before instruction. Yet, other types of control
interventions might be identified during the review process).

A random effects model will be assumed. This option was chosen
instead of a fixed effects model because we expect that a great variety

of factors would influence the effect sizes, and therefore it is difficult to
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assume a common effect size for the studies (Borenstein, 2010). The
95% confidence intervals will be reported for the averaged effect sizes.
Funnel plots will be used to visually represent their aggregation.

The comparison between PS-I and several types of control activities
might be complemented with network meta-analysis, as long as
homogeneity of the comparisons fulfil the transitivity assumption,
which will be checked by observing the distribution of significant
moderators in each comparison. For the network meta-analyses, we will
report a network plot to describe the direct and indirect evidence
available across interventions. Effect sizes between treatments will be
reported with 95% confidence intervals using a random effects model,
and a p < .05 will be considered statistically significant.

Beyond these main analyses, we will conduct exploratory analyses,
which will include similar comparisons between PS-1 interventions and
control interventions, but we will consider secondary outcomes and
studies in which there is not strict equivalence of learning materials

between the PS-I interventions and the control interventions.

3.3.10 | Subgroup analysis and investigation of
heterogeneity

For all of the separate meta-analyses in which PS-l is compared with
each of the control activities in each of the three primary outcomes,
in cases where we find significant statistical heterogeneity, we will
perform moderation analyses to identify factors associated with the
efficacy of PS-I. Correlations between potential moderators will
precede these analyses to identify whether the effects of different
moderators might be cofounded with each other, and to identify
potential groupings of moderating variables.

Moderation analyses will be performed individually for each of
the variables discussed in How the intervention might work.
Specifically, within design features of PS-I, we will test for use in
the initial problem solving activity of contrasting cases (yes vs. no),
metacognitive guidance (yes vs. no), and collaborative work (yes vs.
no), and for use in the explicit instruction phase of explanations that
build upon students' solutions (yes vs. no). Within contextual factors,
we will test for the duration of the intervention in minutes, the
average age of the sample in years, and learning domain (math related
domain vs. other domains). These individual analyses will also be
performed with the general risk of bias variable (low risk vs. some
concerns vs. high risk of bias). For the categorical variables we will
perform subgroup analyses, and for the continuous variables we will
perform individual meta-regression analyses. Further combinations of
moderating variables are not initially hypothesized. A minimum
aggregation of three studies will be considered necessary for the

analyses to be performed.

3.3.11 | Sensitivity analysis

We will conduct sensitivity analyses to determine the impact of
several decisions, such as removing studies with outlier effect sizes,
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removing unpublished studies, removing studies with high risk of
bias, or using alternative ways for coding or including moderator

variables in the analyses.

3.3.12 | Summary of findings and assessment of the
certainty of the evidence

This is the protocol for a Campbell review whose objective is
exploring the efficacy of the educational strategy of Problem-solving
before Instruction (PS-1) to promote learning and motivation in child
and adult students.

ACKNOWLEDGEMENTS

This research is being funded by the Principality of Asturias (reference
FC-GRUPIN-IDI/2018/000199), by the Ministry of Economy, Industry,
and Competitiveness of the Government of Spain (reference:
PID2019-107201GB-100) and by a predoctoral grant from the
Ministry of Universities of Spain (grant number: FPU16/05802). We
would like to thank Cheryl von Asten for her contribution to editing
the English of the manuscript, Juan Botella for teaching and assisting
us with methodological questions, and Jarson Varela for his consultory
assistance with the creation of coding forms.

CONTRIBUTIONS OF AUTHORS

e Content: Catherine Chase, Eduardo Gonzalez-Cabanes, Trinidad
Garcia, and Jose Carlos Nunfez.

e Systematic review methods: Gonzélez-Cabaries, Garcia, Chase,
and Nunez.

e [nformation retrieval: Gonzalez-Cabanfes, Garcia, and Chase. We

count on the advisory assistance of librarians at our universities.

DECLARATIONS OF INTEREST

None of the researchers involved in the team have financial or
personal interests in the results of this review, nor belong to any
organization with such interests. All of us have published studies on
the problem solving before instruction (PS-I) method. This review is
designed as an independent study and procedures will be detailed to

allow replication from perspectives different than ours.

SOURCES OF SUPPORT
Internal sources

e No sources of support provided

External sources

e Ministry of Universities of the Government of Spain, Spain

e Scholarship to conduct PhD studies (grant number: FPU16/05802)

e Ministry of Economy, Industry, and Competitiveness of the
Government of Spain, Spain

e Research Project (Reference PID2019-107201GB-100)

e Principality of Asturias, Spain

e Research Project (Reference: FC-GRUPIN-IDI/2018/000199)

85U801 SUOWWOD AR 3(gedldde ayy Aq peusenob afe sae YO 8sn Jo sejni o} Akeld1T8uljuQ 43I UO (SUONIPUOD-PUR-SULIBYWOY™AS | IM A eIq 1jeulUO//SANY) SUONIPUOD pue SWe 1 8y} 88S *[202/£0/¥0] Uo ARigiTauljuo A8|im ‘(ouleande ) sqnopesy Aq ZEET ZI0/200T OT/I0P/W0Y™A8|im Arelq1jpul|uo//sdny wouy pepeojumoq ‘s ‘€202 ‘€08TT68T



GONZALEZ-CABANES ET AL.

16 of 19 WILEY-— c Campbell

Collaborahon
REFERENCES

OTHER REFERENCES
ADDITIONAL REFERENCES

Asterhan 2009

Asterhan Christa, S. C., & Schwarz, B. B. (2009). Argumentation and
explanation in conceptual change: Indications from protocol
analyses of peer-to-peer dialog. Cognitive Science, 33(3), 374-400.

Belenky 2012

Belenky, D. M., & Nokes-Malach, T. J. (2012). Motivation and transfer: The
role of mastery-approach goals in preparation for future learning.
Journal of the Learning Sciences, 21(3), 399-432.

Borenstein 2010

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2010). A
basic introduction to fixed-effect and random-effects models for
meta-analysis. Research Synthesis Methods, 1(2), 97-111.

Carnero-Sierra 2020

Carnero-Sierra, S., & Gonzalez-Cabaries, E. (2020). Resolucion de
Problemas Previo a Instruccién, aplicado al aprendizaje online de
Modelos de Atencion Selectiva. Magister, 1(32), 49-54.

Carriedo 1995

Carriedo, N., & Alonso Tapia, J. (1995). Comprehension strategy training in
content areas. European Journal of Psychology of Education, 10(4),
411-431.

Chase 2017

Chase, C. C.,, & Klahr, D. (2017). Invention versus direct instruction: For
some content, it's a tie. Journal of Science Education and Technology,
26(6), 582-596.

Chi 2000

Chi, M. T. H. (2000). Self-explaining expository texts: The dual processes
of generating inferences and repairing mental models. Advances in
Instructional Psychology, 5(5), 161-238.

Chiu 2008

Chiu, M., & Xihua, Z. (2008). Family and motivation effects on
mathematics achievement: Analyses of students in 41 countries.
Learning and Instruction, 18(4), 321-336.

Clark 2012

Richard, C., Kirschner, P. A., & Sweller, J. (2012). Putting students on the
path to learning: The case for fully guided instruction. American
Educato, 36(1), 5-11.

Cohen 1988

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Routledge.

Council National Research 2003

Council National Research. (2003). Engaging schools: Fostering high school
students' motivation to learn. National Academies Press.

Darabi 2018

Darabi, A., Logan, A. T., & Erkan, S. (2018). Learning from failure: A meta-
analysis of the empirical studies. Etr&D-Educational Technology
Research and Development, 66(5), 1101-1118.

Fyfe 2014

Fyfe, E. R.,, DeCaro, M. S., & Rittle-Johnson, B. (2014). An alternative time
for telling: When conceptual instruction prior to problem solving
improves mathematical knowledge. British Journal of Educational
Psychology, 84(3), 502-519.

Glogger-Frey 2015

Glogger-Frey, |., Fleischer, C., Grueny, L., Kappich, J.,, & Renkl, A. (2015).
Inventing a solution and studying a worked solution prepare differently
for learning from direct instruction. Learning and Instruction, 39, 72-87.

Glogger-Frey 2017

Glogger-Frey, 1., Gaus, K., & Renkl, A. (2017). Learning from direct
instruction: Best prepared by several self-regulated or guided
invention activities? Learning and Instruction, 51, 26-35.

Golman 2018

Golman, R., & Loewenstein, G. (2018). Information gaps: A theory of
preferences regarding the presence and absence of information.
Decision, 5(3), 143-164.

Gonzalez-Cabanes 2020

Gonzalez-Cabafies, E., Garcia, T. Rodriguez, C., Cuesta, M. &
Nunez José, C. (2020). Learning and emotional outcomes after the
application of invention activities in a sample of university students.
Sustainability, 12(18), 7306.

Gonzalez-Cabafes 2021

Gonzalez-Cabaiies, E., Garcia, T., Nufiez José, C., & Rodriguez, C. (2021).
Problem-solving before instruction (PS-1): A protocol for assessment
and intervention in students with different abilities. JoVE, 175, e62138.

Hedges 1981

Hedges Larry, V. (1981). Distribution theory for Glass's estimator of effect size
and related estimators. Journal of Educational Statistics, 6(2), 107-128.

85U801 SUOWWOD AR 3(gedldde ayy Aq peusenob afe sae YO 8sn Jo sejni o} Akeld1T8uljuQ 43I UO (SUONIPUOD-PUR-SULIBYWOY™AS | IM A eIq 1jeulUO//SANY) SUONIPUOD pue SWe 1 8y} 88S *[202/£0/¥0] Uo ARigiTauljuo A8|im ‘(ouleande ) sqnopesy Aq ZEET ZI0/200T OT/I0P/W0Y™A8|im Arelq1jpul|uo//sdny wouy pepeojumoq ‘s ‘€202 ‘€08TT68T



GONZALEZ-CABANES ET AL.

Higgins 2019

Higgins, J. P. T, Eldridge, S., & Li, T. (2019). Chapter 23: Including variants
on randomized trials. In J. P. T. Higgins, J. Thomas, J. Chandler, M.
Cumpston, T. Li, M. J. Page, & V. A. Welch (Eds.), Cochrane handbook
for systematic reviews of interventions version 6.0 (updated July 2019)
(pp. 569-593). Cochrane.

Holmes 2014

Holmes, N. G,, Day, J., Park, A. H. K., Bonn, D. A,, & Roll, I. (2014). Making
the failure more productive: scaffolding the invention process to
improve inquiry behaviors and outcomes in invention activities.
Instructional Science, 42(4), 523-538.

Jackson 2021

Jackson, A., Godwin, A., Bartholomew, S., & Mentzer, N. (2021). Learning
from failure: A systematized review. International Journal of
Technology and Design Education, 1, 1-21.

Kahneman 2011
Kahneman, D. (2011). Thinking, fast and slow. Macmillan.

Kapur 2008

Kapur, M. (2008). Productive failure. Cognition and Instruction, 26(3),
379-425.

Kapur 2010

Kapur, M. (2010). Productive failure in mathematical problem solving.
Instructional Science, 38(6), 523-550.

Kapur 2011

Kapur, M. (2011). A further study of productive failure in mathematical
problem solving: unpacking the design components. Instructional
Science, 39(4), 561-579.

Kapur 2011a

Kapur, M., & Bielczyz, K. (2011). Classroom-based experiments in
productive failure. In L. Carlson, C. Hoelscher, & T. F. Shipley
(Eds.), Proceedings of the 33rd Annual Meeting of the Cognitive Science
Society (pp. 2812-2817). Cognitive Science Society.

Kapur 2012

Kapur, M. (2012). Productive failure in learning the concept of variance.
Instructional Science, 40(4), 651-672.

Kapur 2012a

Kapur, M., & Bielaczyc, K. (2012). Designing for productive failure. Journal
of the Learning Sciences, 21(1), 45-83.

c Campbell L WILEY 17 of 19

Collaborahon

Kapur 2014

Kapur, M. (2014). Productive failure in learning math. Cognitive science,
38(5), 1008-1022.

Kapur 2014a

Kapur, M. (2014). Comparing learning from productive failure and
vicarious failure. Journal of the Learning Sciences, 23(4), 651-677.

Kugley 2017

Kugley, S., Wade, A., Thomas, J., Mahood, Q., Jargensen Anne-Marie, K.,
Hammerstrgm, K., & Sathe, N. (2017). Searching for studies: A guide
to information retrieval for Campbell systematic reviews. Campbell
Systematic Reviews, 13(1), 1-73.

Lamnina 2019

Marianna, L., & Catherine, C. (2019). Developing a thirst for knowledge:
How uncertainty in the classroom influences curiosity, affect, learning,
and transfer. Contemporary Educational Psychology, 59, 101785.

Likourezos 2017

Likourezos, V., & Kalyuga, S. (2017). Instruction-first and problem-solving-
first approaches: Alternative pathways to learning complex tasks.
Instructional Science, 45(2), 195-219.

Liu 2020

Liu, Y., Hau, K.-T., & Zheng, X. (2020). Does instrumental motivation help
students with low intrinsic motivation? Comparison between
Western and Confucian students. International Journal of
Psychology, 55(2), 182-191.

Loderer 2018

Loderer, K., Pekrun, R., & Lester, J. C. (2018). Beyond cold technology: A
systematic review and meta-analysis on emotions in technology-
based learning environments. Learning and Instruction, 70, 101162.

Loewenstein 1994

Loewenstein, G. (1994). The psychology of curiosity: A review and
reinterpretation. Psychological Bulletin, 116(1), 75-98.

Loibl 2014

Loibl, K., & Rummel, N. (2014). Knowing what you don't know makes
failure productive. Learning and Instruction, 34, 74-85.

Loibl 2014a

Loibl, K., & Rummel, N. (2014). The impact of guidance during problem-
solving prior to instruction on students' inventions and learning
outcomes. Instructional Science, 42(3), 305-326.

85U801 SUOWWOD AR 3(gedldde ayy Aq peusenob afe sae YO 8sn Jo sejni o} Akeld1T8uljuQ 43I UO (SUONIPUOD-PUR-SULIBYWOY™AS | IM A eIq 1jeulUO//SANY) SUONIPUOD pue SWe 1 8y} 88S *[202/£0/¥0] Uo ARigiTauljuo A8|im ‘(ouleande ) sqnopesy Aq ZEET ZI0/200T OT/I0P/W0Y™A8|im Arelq1jpul|uo//sdny wouy pepeojumoq ‘s ‘€202 ‘€08TT68T



GONZALEZ-CABANES ET AL.

18 of 19 WILEY-— c Campbell

Collaborahon

Loibl 2017

Loibl, K., Roll, I., & Rummel, N. (2017). Towards a theory of when and how
problem solving followed by instruction supports learning.
Educational Psychology Review, 29(4), 693-715.

Loibl 2020

Loibl, K., Tillema, M., Rummel, N., & van Gog, T. (2020). The effect of
contrasting cases during problem solving prior to and after
instruction. Instructional Science, 48(2), 115-136.

Mallart 2014

Mallart, S. A. (2014). La resolucién de problemas en la prueba de
Matematicas de acceso a la universidad: procesos y errores. Educatio
Siglo xxi, 32, 233-254.

Mayer 2003
Mayer, R. E. (2003). Learning and instruction. Prentice Hall.

Mazziotti 2019

Mazziotti, C., Rummel, N., Deiglmayr, A., & Loibl, K. (2019). Probing
boundary conditions of productive failure and analyzing the role of
young students’ collaboration. NPJ science of learning, 4, 2.

Mega 2014

Mega, C., Ronconi, L., & De Beni, R. (2014). What makes a good student? How
emotions, self-regulated learning, and motivation contribute to academic
achievement. Journal of Educational Psychology, 106(1), 121-131.

Moore 1998

Moore, J. L., & Schwartz, D. L. (1998). On learning the relationship between
quantitative properties and symbolic representations. In. A Bruckman, M.
Guzdial, J. Kolodner, & A. Ram (Eds.), Proceedings of the International
Conference of the Learning Sciences (pp. 209-214). Association for the
Advancement of Computing in Education.

Newman 2019

Newman, P. M., & DeCaro Marci, S. (2019). Learning by exploring: How
much guidance is optimal? Learning and Instruction, 62, 49-63.

Nunez 2009

Nufiez, J. C. (2009). Motivacién, aprendizaje y rendimiento académico. In
B. Duarte Silva, L.Almeida, A. Barca Lozano, & M X Congresso
Internacional Galego-Portugués de Psicopedagogia (pp. 41-67).
Universidad do Minho.

OECD 2014

OECD. (2014). PISA 2012 Results: Creative Problem Solving: Students' Skills
in Tackling Real-Life Problems (Volume V). OECD Publishing Paris.

OECD 2016

OECD. (2016). PISA 2015 Results (Volume 1): Excellence and Equity in
Education.

OECD 2018
OECD. (2018). Pisa 2018 database.

Pan 2020

Pan, S. C., Sana, F., Samani, J., Cooke, J., & Kim, J. A. (2020). Learning from
errors: students' and instructors' practices, attitudes, and beliefs.
Memory, 28, 1-18.

Pekrun 2011

Pekrun, R., Goetz, T., Frenzel, A. C., Barchfeld, P., & Perry, R. P. (2011).
Measuring emotions in students' learning and performance: The
Achievement Emotions Questionnaire (AEQ). Contemporary
Educational Psychology, 36(1), 36-48.

Pekrun 2012

Pekrun, R., & Stephens, E. J. (2012). Academic emotions. In K. R. Harris, S.
Graham, T. Urdan, S. Graham, J. M. Royer, & M. Zeidner (Eds.), APA
educational psychology handbook, Vol 2: Individual differences and
cultural and contextual factors (pp. 3-31). American Psychological
Association.

Roll 2012

Roll, I, Holmes, N. G., Day, J., & Bonn, D. (2012). Evaluating metacognitive
scaffolding in guided invention activities. Instructional Science, 40(4),
691-710.

Ryan 2009

Ryan, R. M., & Deci, E. L. (2009). Promoting self-determined school
engagement: Motivation, learning, and well-being. In K. Wentzel &
A. Wigfield (Eds.), Handbook of motivation at school (pp. 171-196).
Routledge.

Salmerén 2013

Salmerédn, L. (2013). Actividades que promueven la transferencia de los
aprendizajes: una revision de la literatura. Revista de educacion, Extra
(1), 34-53.

Schraw 1994

Schraw, G., & Dennison, R. S. (1994). Assessing metacogntive awareness.
Contemporary Educational Psychology, 19(4), 460-475.

Schwartz 1998

Schwartz, D. L., & Bransford, J. D. (1998). A time for telling. Cognition and
Instruction, 16(4), 475-522.

85U801 SUOWWOD AR 3(gedldde ayy Aq peusenob afe sae YO 8sn Jo sejni o} Akeld1T8uljuQ 43I UO (SUONIPUOD-PUR-SULIBYWOY™AS | IM A eIq 1jeulUO//SANY) SUONIPUOD pue SWe 1 8y} 88S *[202/£0/¥0] Uo ARigiTauljuo A8|im ‘(ouleande ) sqnopesy Aq ZEET ZI0/200T OT/I0P/W0Y™A8|im Arelq1jpul|uo//sdny wouy pepeojumoq ‘s ‘€202 ‘€08TT68T



GONZALEZ-CABANES ET AL.

Schwartz 2004

Schwartz, D. L., & Martin, T. (2004). Inventing to prepare for future learning:
The hidden efficiency of encouraging original student production in
statistics instruction. Cognition and Instruction, 22(2), 129-184.

Schwartz 2011

Schwartz, D. L., Chase Catherine, C., Oppezzo Marily, A., & Chin Doris, B.
(2011). Practicing versus inventing with contrasting cases: The
effects of telling first on learning and transfer. Journal of Educational
Psychology, 103(4), 759-775.

Silver 2000

Silver, E. A., & Kenney, P. A. (2000). Results from the seventh mathematics
assessment of the National Assessment of Educational Progress.
National Council of Teachers of Mathematics.

Sinha 2021

Sinha, T., & Kapur, M. (2021). When problem solving followed by
instruction works: Evidence for productive failure. Review of
Educational Research, 91(5), 761-798.

Smith 1992

Smith, E. E., & Swinney, D. A. (1992). The role of schemas in text: A real-
time examination. Discourse processes, 15(3), 303-316.

Song 2018

Song, Y. (2018). Improving primary students' collaborative problem solving
competency in project-based science learning with productive
failure instructional design in a seamless learning environment.
Educational Technology Research and Development, 66(4), 979-1008.

Sterne, 2019

Sterne, J. A. C,, Savovi¢, J., Page, M. J,, Elbers, R. G., Blencowe, N. S.,
Boutron, I., Cates, C. J., Cheng, H.-Y., Corbett, M. S,, Eldridge, S. M.,
Hernan, M. A., Hopewell, S., Hrébjartsson, A., Junqueira, D. R.,
Juni, P., Kirkham, J. J., Lasserson, T., Li, T., McAleenan, A.,
Reeves, B. C., Shepperd, S., Shrier, I, Stewart, L. A, Tilling, K,
White, I. R., Whiting, P. F., & Higgins, J. P. T. (2019). RoB 2: A revised
tool for assessing risk of bias in randomised trials. BMJ, 366, 14898.

Sweller 2019

Sweller, J., van Merrienboer, J. J. G., & Paas, F. (2019). Cognitive
architecture and instructional design: 20 years later. Educational
Psychology Review, 31(2), 261-292.

Tandogan 2007

Tandogan, R. O., & Orhan, A. (2007). The effects of problem-based active
learning in science education on students' academic achievement,
attitude and concept learning. Eurasia Journal of Mathematics, Science
& Technology Education, 3(1), 71-81.

c Campbell L WILEY 19 of 19

Collaborahon

Teasley 1995

Teasley, S. D. (1995). The role of talk in children peer collaborations.
Developmental Psychology, 31(2), 207-220.

Urdan 2006

Urdan, T., & Schoenfelder, E. (2006). Classroom effects on student
motivation: Goal structures, social relationships, and competence
beliefs. Journal of School Psychology, 44(5), 331-349.

VanLehn 1999

VanLehn, K. (1999). Rule-learning events in the acquisition of a complex
skill: An evaluation of Cascade. Journal of the Learning Sciences, 8(1),
71-125.

Veenman 2005

Veenman, M. V. J,, & Spaans, M. A. (2005). Relation between intellectual
and metacognitive skills: Age and task differences. Learning and
Individual Differences, 15(2), 159-176.

Weaver 2018

Weaver, J. P., Chastain, R. J., DeCaro, D. A., & DeCaro, M. S. (2018).
Reverse the routine: Problem solving before instruction improves
conceptual knowledge in undergraduate physics. Contemporary
Educational Psychology, 52, 36-47.

Webb 1993

Webb Noreen, M. (1993). Collaborative group versus individual assess-
ment in mathematics: Processes and outcomes. Educational
Assessment, 1(2), 131-152.

Webb 2014

Webb, N. M,, Franke, M. L., Ing, M., Wong, J., Fernandez, C. H., Shin, N., &
Turrou, A. C. (2014). Engaging with others' mathematical ideas:
Interrelationships among student participation, teachers' instruc-
tional practices, and learning. International Journal of Educational
Research, 63, 79-93.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Gonzalez-Cabaries, E., Garcia, T.,
Chase, C., & Nuiiez, J. C. (2023). PROTOCOL: Problem solving
before instruction (PS-1) to promote learning and motivation
in child and adult students. Campbell Systematic Reviews, 19,
e1337. https://doi.org/10.1002/cl2.1337

85U801 SUOWWOD AR 3(gedldde ayy Aq peusenob afe sae YO 8sn Jo sejni o} Akeld1T8uljuQ 43I UO (SUONIPUOD-PUR-SULIBYWOY™AS | IM A eIq 1jeulUO//SANY) SUONIPUOD pue SWe 1 8y} 88S *[202/£0/¥0] Uo ARigiTauljuo A8|im ‘(ouleande ) sqnopesy Aq ZEET ZI0/200T OT/I0P/W0Y™A8|im Arelq1jpul|uo//sdny wouy pepeojumoq ‘s ‘€202 ‘€08TT68T


https://doi.org/10.1002/cl2.1337

	PROTOCOL: Problem solving before instruction (PS-I) to promote learning and motivation in child and adult students
	1 BACKGROUND
	1.1 Description of the condition
	1.2 Description of the intervention
	1.3 How the intervention might work
	1.3.1 Potential PS-I learning mechanisms
	1.3.2 Potential PS-I motivation mechanisms
	1.3.3 Potential negative effects of PS-I on learning
	1.3.4 Potential negative effects of PS-I on motivation
	1.3.5 Hypotheses about general effects
	1.3.6 Factors that can moderate the efficacy of PS-I
	Design features
	Duration of the PS-I intervention
	Age of students
	Learning domain
	Control conditions used for comparison


	1.4 Why it is important to do this review

	2 OBJECTIVES
	3 METHODS
	3.1 Criteria for considering studies for this review
	3.1.1 Types of studies
	3.1.2 Types of participants
	3.1.3 Types of interventions
	3.1.4 Types of outcome measures
	Primary outcomes
	Secondary outcomes


	3.2 Search methods for identification of studies
	3.2.1 Electronic searches
	3.2.2 Searching other resources

	3.3 Data collection and analysis
	3.3.1 Selection of studies
	3.3.2 Data extraction and management
	3.3.3 Assessment of risk of bias in included studies
	3.3.4 Measures of treatment effect
	3.3.5 Unit of analysis issues
	Clustering issues

	3.3.6 Dealing with missing data
	3.3.7 Assessment of heterogeneity
	3.3.8 Assessment of reporting biases
	3.3.9 Data synthesis
	3.3.10 Subgroup analysis and investigation of heterogeneity
	3.3.11 Sensitivity analysis
	3.3.12 Summary of findings and assessment of the certainty of the evidence


	ACKNOWLEDGEMENTS
	CONTRIBUTIONS OF AUTHORS
	DECLARATIONS OF INTEREST
	SOURCES OF SUPPORT
	REFERENCES
	Asterhan 2009
	Belenky 2012
	Borenstein 2010
	Carnero-Sierra 2020
	Carriedo 1995
	Chase 2017
	Chi 2000
	Chiu 2008
	Clark 2012
	Cohen 1988
	Council National Research 2003
	Darabi 2018
	Fyfe 2014
	Glogger-Frey 2015
	Glogger-Frey 2017
	Golman 2018
	González-Cabañes 2020
	González-Cabañes 2021
	Hedges 1981
	Higgins 2019
	Holmes 2014
	Jackson 2021
	Kahneman 2011
	Kapur 2008
	Kapur 2010
	Kapur 2011
	Kapur 2011a
	Kapur 2012
	Kapur 2012a
	Kapur 2014
	Kapur 2014a
	Kugley 2017
	Lamnina 2019
	Likourezos 2017
	Liu 2020
	Loderer 2018
	Loewenstein 1994
	Loibl 2014
	Loibl 2014a
	Loibl 2017
	Loibl 2020
	Mallart 2014
	Mayer 2003
	Mazziotti 2019
	Mega 2014
	Moore 1998
	Newman 2019
	Núñez 2009
	OECD 2014
	OECD 2016
	OECD 2018
	Pan 2020
	Pekrun 2011
	Pekrun 2012
	Roll 2012
	Ryan 2009
	Salmerón 2013
	Schraw 1994
	Schwartz 1998
	Schwartz 2004
	Schwartz 2011
	Silver 2000
	Sinha 2021
	Smith 1992
	Song 2018
	Sterne, 2019
	Sweller 2019
	Tandogan 2007
	Teasley 1995
	Urdan 2006
	VanLehn 1999
	Veenman 2005
	Weaver 2018
	Webb 1993
	Webb 2014
	SUPPORTING INFORMATION




