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Abstract

The dpresent study aims to assess the effectiveness of
worked examples - collaborative reflection - problem
solving  instruction on  students’ mathematics
achievement, in comparison to worked examples -
problem solving instruction. This study conducted a
quasi-experimental investigation on( 845 second grade
intermediate school students, who were divided into two
groups, comprising (43) students in the experimental
group, and (41) students in the control group. The results
show that the average scores in both the knowing and
applying domains of the students who were taught using
worked examples - collaborative reflection - problem
solving instruction (the experimental group) were higher
than the average scores of the students who were taught
using worked examples - problem solving instruction (the
aontr(_)l group) in both the ‘knowing’ and ‘applying’
omains.

Keywords: problem solving, mathematics achievement,
worked example, collaborative reflection.
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Introduction:

Previous research has revealed that learning that relies heavily on
worked examples is more effective for transfer and learning than learning
that relies on problem solving alone (Nievelstein, Van Gog, Van Dijck &
Boshuizen, 2013; Renkl, 2017; Rourke & Sweller, 2009; Schwonke et al.
2009; Sweller & Cooper, 1985). The agreed reason for this is that learning
relying on problem solving alone increases the cognitive load in students’
working memory, while learning relying heavily on worked examples
does not. In learning relying on problem solving only, vast amounts of
working memory resources are dedicated to solving the problem rather
than obtaining new knowledge about the domain (Kirschner, Sweller &
Clark, 2006; Sweller, Ayres & Kalyug, 2011). Conversely, however, with
learning that relies heavily on worked examples, a sufficient amount of
working memory capacity can be devoted to formatting a schema for later
problem solving (Paas & van Gog, 2006; Simamora, Sidabutar & Surya,
2017).

In order to construct the schema, the research asserts that constriction
and abstraction for schema are promoted when learners are provided with
various examples, particularly when they are simultaneously taught to
make comparisons between these examples (Gentner, Loewenstein, &
Thompson, 2003; Gentner, Loewenstein, Thompson & Forbus, 2009;
Renkl, 2014: Rittle-Johnson & Star 2009; Silver, Ghousseini, Gosen,
Charalambous & Strawhun, 2005; Ziegler & Stern, 2016). However, the
effectiveness of learning relying heavily on worked examples relies on the
learners’ self-explanation activities (Atkinson, Renkl & Merrill, 2003;
Hausmann & VanlLehn, 2008; Renkl, 2002; Rittle-Johnson, Loehr &
Durkin, 2017). There are two strategies that can help students to reflect
on their learning: self-explanation [that is, individual] or reflection with
peers [that is, collaborative reflection] (Mason, & Singh, 2010). This can
occur when their learning is compared and contrasted to the learning of
other learners (Collins, 1991; Liu, 2017).

Self-explanation is when a learner engages in thinking to generate
explanations for themselves, in an attempt to make sense of new learning
(Chi, de Leeuw, Chiu & LaVancher, 1994; Rittle-Johnson, 2006). Self-
explanation supports integration and generalisation of knowledge which,
in turn, improves performance later (Rittle-Johnson & Loehr (2017).
Collaborative reflection can provide opportunities for students to
exchange different perspectives when they have discussions with others,
particularly when others see things in a different way, ask questions, or
challenge their beliefs (Krutka, Bergman, Flores, Mason & Jack, 2014;
Larsen, London & Emke, 2016).
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Schwarz, Dreyfus and Hershkowits (2004) state that in
collaborative reflection, students ‘...integrate and generalise accepted
arguments. They recapitulate actions and draw lessons from their
experiences’ (p. 170). Therefore, reflective dialogue can facilitate learners
to generalise practical examples into explicit knowledge (Liu, 2017). A
learner needs multiple perspectives and feedback on their own
understanding (Carless & Boud, 2018).

Reflection can work as a tool to transform knowledge within
concrete examples into abstract principles. Kolb (1984) stressed that
abstract concepts can be transformed from concrete experience by
reflection by eliciting meaningful learning from examples. Several
scholars assert that reflection on the process of tasks is thinking in their
broader meanings (Agouridas & Race, 2007; Heyler, 2015; Winitzky,
1992). Moreover, the findings of several studies indicate that, in
mathematics, reflective thinking supports meaningful learning (Inoue &
Buczynski, 2011; McNaught, 2010). When students conduct reflective
processes, they perceive the experience, frame it and gain meaning from it
(Pagano & Roselle, 2009).

Agouridas and Race (2007) argued that reflection is a process of
understanding and personalizing the contents, process, and the logics for
what individuals have already learnt. Therefore, reflection in learning is
essential for learners to revisit what they have already learnt in order to
achieve in-depth and improved learning (Chang, 2019). Numerous studies
show that reflection plays an important role in improving learning and
constructing knowledge (Barnett, 2006; Tok, 2008; Chen, Wei, Wu, &
Uden, 2009; Kizilkaya, 2009; Phan, 2009; White & Frederiksen, 1998).
There are two terms associated with reflective thinking which are:
reflection-on-action (reflection after actions), and reflection-in-action
(reflection during actions) (Schon, 1983).

There are several types of forms used in practice reflection,
including portfolios, journals, reports, and summaries (Helyer & Kay,
2015; Helyer, 2015). Journal writing, for example, is an effective tool for
learners to explore, express, organise, and reflect ideas about
mathematical processes and content (Freeman, Higgins & Horney, 2016;
Inoue & Buczynski, 2011; Suhaimi, Shahrill, Tengah & Abbas, 2016).
Reflation by writing demands conscious awareness which represents
thought (Vygotsky, 1986). However, writing environments must be
monitored by teachers to bring about improvement (Freeman, et al.,
2016). In mathematics, when students share their logic with others
through their writing, it has to be written with clarity and precision in
order that its meaning is understandable to the reader. Therefore, the
mathematical reasoning must be logical, and the communication must also
be coherent and sound (Freeman, et al., 2016).
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Writing naturally takes many forms, comprising language
(recordings of verbal communication and written text), formulas,
numbers, and mathematical symbols, and visual representations
(diagrams, graphs, charts, flow charts, maps, pictures, and models)
(Schleppegrell, 2010).

Multimodal writing is recommended, as it provides ways for
students to understand abstract concepts through drawing, and other
models. It also allows learners to communicate their ideas to others,
containing their teachers and peers. Hence, writing can provide instructors
with a window into their students’ minds which makes their thinking more
visible (Bagley & Gallenberger, 1992; Ball, 1994).

Reflective activities can be transformed using a group discussion
strategy or reflective dialogue strategy into a social activity, as discussed
above (Aldahmash, Alshmrani & Almufti, 2017; Kohen & Kramarski,
2012; Wille, 2017). The students can reflect on their thoughts by utilising
the ‘thinking aloud’ strategy (Taggart & Wilson, 2005), which can be
done by using a set of questions to guide their reflections. Furthermore,
reflection can increase students’ awareness of their thoughts and actions,
as well as increase their recall of prior knowledge (Larsen, London &
Emke, 2016). Chang, (2019) believed that when students carried out
reflections, retention was increased, as a result of repeatedly retrieving the
information from memory. According to Gibbs (1988, p9), ‘It is not
sufficient to have an experience in order to learn. Without reflecting on
this experience it may quickly be forgotten, or its learning potential lost’.

Studies concerning the use of collaborative reflection to learn from
worked examples are minimal; hence, this is the focus of the present
study. Students were asked to study multiple worked examples provided
and explained by their teacher. They were then given opportunities to
reflect collaboratively on their learning, and on how the examples
compare to each other. Lastly, students will be provided with problems to
solve individually. The aim of this study is to assess the effectiveness of
worked examples - collaborative reflection - problem solving instruction
on students’ mathematics achievements, in comparison to using worked
examples - problem solving instruction. Students’ mathematics
achievements were assessed over the two different domains - knowing and
applying. In mathematics, the knowing domain includes the concepts and
facts of mathematics, while the applying domain includes the application
of mathematical tools in various contexts, see (Mullis, Martin, Foy &
Hooper 2016).
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This study will attempt to answer the following questions:

(1) When compared with worked examples - problem solving instruction, how
does worked examples - collaborative reflection - problem solving
instruction affect mathematics students’ learning in the ‘knowing’ domain?

(2) When compared with worked examples - problem solving instruction,
how does worked examples - collaborative reflection - problem
solving instruction affect mathematics students’ learning in the
‘applying” domain?

Method:

Participants and design:

The participants were 84 eighth-grade students from four classes of the
same Saudi intermediate school (age M =14.1 years; SD = 0.41). A quasi-
experimental design was applied whereby two classes (n = 43) were
randomly assigned as the ‘experimental group’, and two classes (n= 41)
were selected as the ‘control group’. Both groups were taught by the same
mathematics teacher. This study was implemented over the period of 9 to
30 September 2018.

Materials:

Topics:

‘Rational numbers’ was selected as the topic of study. The content of the
topic, which was new to the students, included: comparing and ordering
rational numbers; multiplying and dividing rational numbers; and adding
and subtracting rational numbers. In the experimental group, the students
were presented with two worked examples in each classroom lesson,
followed by collaborative reflection. They were then required to solve
various problems (ranging from 2 to 6 problems). The worked examples
and problems were similar to the worked example in structure, but had
different context (see examples in Figure 1). The control group students
were treated exactly the same as the students in the experimental group,
except that no collaborative refection was conducted for the control group.
All students received the same content (that is, the same set examples and
problems). The instructions lasted for almost two weeks. They were
carried out during 7 x 45-minute classroom sessions, with four
sessions per week totaling 5.25 hours for each group.
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Collaborative reflection

The reflective questions were prepared by the author and based on
a literature review. The questions were designed for the students to
obtain knowledge from worked examples and store this knowledge
into their long-term memory. This would require reflection on what
they had just learned, comparison between the worked examples
they were exposed to, and the ability to implement the knowledge
obtained into similar problems in the future. The students had to
document their reflective thought by written text and visual
representations, such as diagrams, graphs, charts, maps, and pictures),
which the teachers could then view and provide feedback. Before
Implementation, the reflective questions were sent to a team of five
experts for checking. The experts gave their opinions on the
adequacy, clarity and relevance of the questions. The feedback
received from the experts was considered and included in the
preparation of the final version of the questions. (See Reflective
Questions in Appendix 1).

Mathematics Test:

The mathematics test contained 16 questions: 8 questions for
‘the knowing domain’ domain comprising 6 multiple-choice
questions and 2 short answer questions, and 8 questions for ‘the
applying’ domain comprising 5 multiple-choice questions and 3
short answer questions. All 16 questions were posed before the
experiment was carried out (pre-test), and after the intervention
(post-test). The mathematics test items were adopted from
released items TIMSS 2015 (published on the following website:
https://timssandpirls.bc.edu/timss2015/international-
database/assessment-items.html), which has been verified for
reliability and credibility. After the tests had been prepared they
were presented to 4 arbitrators for checking. The arbitrators gave
their opinions on the adequacy, clarity and relevance of the
content. The evaluations of the arbitrators were considered and
included in the preparation of the final version of the tests. The
reliability by retests was .91; the internal consistency for the sub-
scale of the tests was .89. For the pre and post-test marks, each
item scored either one or zero. See examples of the items in Figure
2.
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Training for students and teachers :

The teachers were trained by the author to implement the
strategy, prior to its introduction. The training course was for two
days, and for two hours each day. He then implemented both
strategies for other classes in his school under the supervision of
the author. The teacher demonstrated good performance before he
implemented the strategies for the main study. He was able to
explain examples, as well as manage collaborative reflection and
coach problem solving. In both groups, the teacher trained the
students for one session. He explained how they would be taught
over the following two weeks. The students in the experimental
group showed good interaction with others during collaborative
reflection.

Procedures:

All the participants gave their consent and agreement to take part
in the study. They were informed that they could withdraw at any
time, without having to provide any reason for their decision to
leave the study. The author and the teacher designed the content
of the topics together. The content was designed for both the
‘worked examples - collaborative reflection - problem solving’ and
the ‘worked examples - problem solving’ instructions. The validity of
the content was verified by three experts in the field. The teacher
was trained to implement the strategy prior to its introduction.
Experimental and control groups were randomly selected. Pre-tests
were conducted for both groups before the instruction took place.
In the experimental group, the students were trained for one
session by the teacher. It explained by the teacher how they would
be taught over the following two weeks.

In the experimental group, the worked examples -
collaborative reflection - problem solving instruction strategy was
implemented for almost two weeks. The strategy started with two
worked examples being explained in detail by the teachers. The
worked examples were similar in structure but with different
contexts. This was followed by collaborative reflection. Once the
students had reflected on the worked examples, they were
presented with similar problems. It was not expected that all
students would be able to solve all the problems, due to their
individual differences.
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The students in the control group were taught via worked
examples - problem solving instruction. After two weeks, post-tests
were carried out for both groups. The data collected was analysed.

Results:

‘Knowing’ domain :

The t-test results indicated no significant differences in the pre-test

scores for both the experimental and control groups (t=-1.75).
Table 1 shows that there was a significant difference in the

post-test F (1, 82)=6.27, p<.05, with a moderate effect size.

Students who were in the experimental group had higher post-test

scores (M=2.93, SD=2.22) than students in the control group

(M=1.63, SD=1.53).

Table 1. Summary of ANCOVA test results in the knowing domain

Variable | Group N |Mean | sp |Adiusted | 2
mean
Experimental | 43 2.93 222 | 274 .
Posttest I Control 41 |163 |153 | 183 627 | .072
Note: *p<.05
‘Applying’ domain:

The t-test results showed no significant difference in pre-test
scores for the experimental and control groups (t =-1.89). From
Table 2, the one-way ANCOVA results showed that there was a
significant difference on the post-test F (1, 82)=11.03., p<.01,
with a moderate effect size.

Students who were in the experimental group had higher
post-test scores (M=2.53, SD=2.53) than students in the control
group (M=.93, SD=1.15).

Table 2. Summary of ANCOVA test results of in the applying domain test

, Adjusted )
Variable | Group N Mean SD mean F n
Experimental | 43 2.53 253 | 2.26 o
Posttest == ontrol 41 | .93 | 115 | 121 11.08% 1 .120

Note: **p<.01

Discussion:

The results revealed that the students’ average scores in the
experimental group were significantly higher than the students’
average scores in the control group, with medium effect size in
both the knowing and ‘applying’ domain post-tests.
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In the experimental group, the students were presented with
multiple worked examples. The examples had different contexts
(different problem stories). Theoretically, the students should have
sufficient working memory capacity which can be devoted to
formatting a schema for later problem solving (Paas & van Gog,
2006; Sweller, van Merriénboer & Paas, 1998). The students were
then divided into groups to collaboratively reflect on what they had
already learned from the worked examples. They had to make
comparisons between the examples and get ready to be presented
with similar problems that would have to be solved individually.In
this stage (collaborative reflection), students construct the schema
or gain obstructing principles by reflection. To construct the
schema, research asserts that construction and abstraction are
promoted when learners are provided with various examples,
particularly when they are simultaneously taught to make
comparisons between these examples (Gentner, Loewenstein &
Thompson, 2003; Holyoak, 2005; Rittle-Johnson and Star, 2009;
Silver et al. 2005). Reflection can work as a tool to transform
knowledge within concrete examples into abstracting principles.
Kolb’s (1984) stressed that abstract concepts can be transformed
from concrete experience by reflection.

During reflection processes, the students frequently
remember information from their memory which may explain the
iImprovement that they experienced in the ‘knowing’ domain test
when compared to students in the control group. Reflection can
increase students’ awareness of their thoughts and actions and
increase their recall of prior knowledge (Larsen, London & Emke,
2016). It is believed that by conducting reflections, students may
increase their retention of the experience as a result of repeatedly
retrieving the information from memory (see, Chang, 2019). Gibbs
stated that ‘It is not sufficient to have an experience in order to
learn. Without reflecting on the experience, it may be forgotten
quickly or the learning potential is lost” (Gibbs, 1988, p.9).
Therefore, reflecting seems to help students in constructing a
schema and increasing retention.

In the last stage (problem solving), the students encounter
similar problems to be individually solved which, in theory, they
should be ready for. They should use their new knowledge (which
should be already constructing) to apply in new and similar
situations. In other words, in this stage, the students should
encounter problems with sufficient working memory because they
have already obtained the necessary knowledge.
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They should only need to focus on the knowledge required
for the particular problem. This is in contrast to learning which relies
on problem solving only, when the majority of the working
memory’s resources are dedicated to solving the problem, rather
than obtaining new knowledge about the domain (Kirschner,
Sweller & Clark, 2006; Sweller et al., 2011). Therefore, solving
problems could be practical steps followed collaborative refection
to improve problem solving skills (‘applying’ domain skills). This
may explain why the students outperformed other students in the
control group in the ‘applying’ domain test.

Limitations:

The limitations of this study are that the results of this study can be
generated only to similar contexts. This study is limited to male
students due to a gender segregation system that is operational in
Saudi Arabia.

Recommendations and Conclusion:

A quasi-experimental study investigated the effectiveness of
worked examples -collaborative reflection - problem solving
instruction, on mathematical students’ achievements in the
‘knowing’ and ‘applying’ domains in comparison to using worked
examples - problem solving instruction. The findings found that
integrating collaborative reflection to worked examples instruction
improves students’ learning. This study recommends that in-service
and pre-service intermediate school mathematics teachers should
receive training in how implement worked examples -collaborative
reflection - problem solving instruction. More research is needed to
assess this at different academic levels, and in different subjects.
This study also paves the way for further studying the effect of this
strategy on other different domains such as reasoning, and
different levels of applying, such as far and near transfer.
Additionally, students’ attitudes to this intervention could be studied
and the effect of this intervention for high-and low-achieving
students could be examined. Furthermore, it can also be studied
with multiple worked examples with high-variability.
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Appendix:

Appendix 1. Reflective questions for each groups

1. What have you learned from the couple of worked examples that
explained by the teacher?, please summarise.

2. Are the solutions’ steps of the worked-examples fully understood? What
are unclear steps?

3. What are the similarities and differences between the worked-
examples?

4. How would you implement knowledge that you have just learned in
similar problems?

Figures

Example of worked examples
(The following two worked examples were explained step-by-step to
students by the teacher)

Worked example 1:

The ratio of 1st grade middle school students who participated in the school
festival was 5/6;, the ratio of 2nd grade middle school students who patrticipated
in the festival was 3/4;,and the ratio of 3rd grade middle school students who
participated in the festival was 4/5. Which class had the highest participation
rate?

Worked example 2:

Ali has a bunch of nut wrenches; in inches their measurements are: 3/8, 1/4,
5/16, 1/2, 3/4. Can you arrange the wrenches by their measurements, from the
largest to the smallest?

An example of the worked examples and collaborative reflection problems
which students were required to solve

The United States produces 9/50 of the world’s energy and consumes 6/25 of
the world’s energy. Which is greater: production or consumption? Please
explain your answer.

Figure 1. Examples of worked examples and problems
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Example of mathematics questions

‘Knowing’ domain:
Which number is equal to 3/5?

a) 0.8
b) 0.6
c) 0.53
d) 0.35

‘Applying’ domain:
Which shows the correct method for finding 1/3-1/4?
a) 1-1/4-3
b) 1/4-3
c) 3-4/3-4
d) 4-3/3x4

Figure 2: Examples of mathematics items
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Appendix:
Appendix 1. Reflective questions for each groups:

5. What have you learned from the couple of worked
examples that explained by the teacher?, please
summarise.

6. Are the solutions’ steps of the worked-examples fully
understood? What are unclear steps?

7. What are the similarities and differences between the
worked-examples?

8. How would you implement knowledge that you have just
learned in similar problems?

Figures :

Example of worked examples
(The following two worked examples were explained step-
by-step to students by the teacher)

Worked example 1:

The ratio of 1st grade middle school students who participated
in the school festival was 5/6;, the ratio of 2nd grade middle
school students who participated in the festival was 3/4;,and
the ratio of 3rd grade middle school students who participated
in the festival was 4/5. Which class had the highest
participation rate?

Worked example 2:

Ali has a bunch of nut wrenches; in inches their
measurements are: 3/8, 1/4, 5/16, 1/2, 3/4. Can you arrange
the wrenches by their measurements, from the largest to the
smallest?

An example of the worked examples and collaborative
reflection problems which students were required to solve

The United States produces 9/50 of the world’s energy and
consumes 6/25 of the world’s energy. Which is greater:
production or consumption? Please explain your answer.

Figure 1. Examples of worked examples and problems
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Example of mathematics questions

‘Knowing’ domain:
Which number is equal to 3/5?

e) 0.8
f) 0.6
g) 0.53
h) 0.35

‘Applying’ domain:
Which shows the correct method for finding 1/3-1/4?
e) 1-1/4-3
f) 1/4-3
g) 3-4/3-4
h) 4-3/3x4

Figure 2: Examples of mathematics items
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