
Open Universiteit 
www.ou.nl 

The Effect of Worked Examples and Retrieval Practice on
Primary School Students’ Mathematical Problem-Solving
Performance
Citation for published version (APA):

Ruitenburg, S. K., Camp, G., Kirschner, P. A., & Jarodzka, H. M. (2022). The Effect of Worked Examples and
Retrieval Practice on Primary School Students’ Mathematical Problem-Solving Performance. 1-7. Paper
presented at ICO National Spring School 2022, Utrecht, Netherlands.

Document status and date:
Published: 17/03/2022

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be important differences between
the submitted version and the official published version of record. People interested in the research are advised to contact the author for the
final version of the publication, or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
https://www.ou.nl/taverne-agreement

Take down policy
If you believe that this document breaches copyright please contact us at:

pure-support@ou.nl

providing details and we will investigate your claim.

Downloaded from https://research.ou.nl/ on date: 23 May. 2023

https://research.ou.nl/en/publications/85806d91-9715-4f70-8d5a-446fcba5a732


WORKED EXAMPLES & RETRIEVAL PRACTICE IN MATHEMATICS  1 

 

 

 

The Effect of Worked Examples and Retrieval Practice on Primary School Students’ 

Mathematical Problem-Solving Performance 

 

Sterre K. Ruitenburg1, Gino Camp1, Paul A. Kirschner1,2, and Halszka M. Jarodzka1 

1 Department of Online Learning and Instruction, Faculty of Educational Sciences, Open 

University of the Netherlands, the Netherlands 

2 Expertise Centre Effective Learning (ExCEL), Thomas More University of Applied 

Sciences, Belgium 

  



WORKED EXAMPLES & RETRIEVAL PRACTICE IN MATHEMATICS  2 

Abstract 

Practice strategies are ways to practice with new subject matter after initial instruction or 

self-study. To help students acquire (mathematical) problem-solving skills, two practice 

strategies are generally effective: practicing through worked examples and practicing through 

retrieval practice. However, it is not yet fully understood when each practice strategy should 

be used, despite the practical value of this knowledge for (mathematics) textbook authors, 

teachers, and students. To better understand what strategy works under which conditions, we 

propose to integrate two existing perspectives that were recently put forward into one new 

model. In this model, we argue that the optimal practice strategy depends on both the 

complexity of the learning task and on the time between the last practice opportunity and the 

test (i.e., the retention interval). We propose a preregistered multi-classroom experiment to 

test this model. More specifically, we plan to use a 2 (Task Complexity: simple vs. complex) 

x 2 (Practice Strategy: worked examples vs. retrieval practice) x 2 (Retention Interval: 5 

minutes vs. 1 week) between-subjects design, with 22 participants per cell (N = 176). We also 

plan to perform a Bayesian 2 x 2 x 2 ANCOVA on participants’ problem-solving 

performance to test the three-way interaction effect of task complexity, practice strategy, and 

retention interval (Hypothesis 1), the two-way interaction effect of task complexity and 

practice strategy after 5 minutes (Hypothesis 2), and the two-way interaction effect of task 

complexity and practice strategy after 1 week (Hypothesis 3). During our Round Table 

presentation, we will discuss (a) any questions we have about received reviewers’ comments, 

(b) the viability and value of the theoretical integration we propose, and/or (c) our first ideas 

on analysing the moderating qualities of (initial retrieval) effort and initial retrieval success. 

 Keywords: worked examples, retrieval practice, (mathematical) problem-solving, task 

complexity, retention interval 
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Introduction 

To help students acquire (mathematical) problem-solving skills, two practice strategies 

are generally effective. When practicing through worked examples, students study the 

problem formulation and the final solution, typically accompanied with the solution steps 

leading from the former to the latter (for review, see Renkl, 2014). When practicing through 

retrieval practice, students retrieve information from long-term memory while solving a 

problem rather than restudy that information (for review, see Adesope et al., 2017). To help 

improve mathematics performance (practical relevance) and to better understand what 

strategy works under which conditions (scientific relevance), we aim to integrate Chen et al.’s 

(2018) and Yeo and Fazio’s (2019) perspectives on when worked examples and retrieval 

practice foster students’ problem-solving performance (objective) into one model. 

In this model, we argue that the optimal practice strategy depends on both the 

complexity of the learning task and the time between the last practice opportunity and the test 

(i.e., the retention interval). According to our model, learners first need worked examples to 

induce the logic underlying the problem-solving procedure. Then, they need retrieval practice 

to remember this procedure in the long-term (i.e., for fluency building). The greater the task 

complexity, the more logic induction is required and, hence, the more worked examples 

learners need to adequately induce the logic underlying the problem-solving procedure. The 

longer the retention interval, the more fluency building is required and, hence, the more 

learners need retrieval practice to adequately remember this procedure in the long-term. 

Based on Chen et al.’s (2016) and Hanham et al.’s (2017) findings, we expect a three-

way interaction effect of task complexity, practice strategy, and retention interval (Hypothesis 

1). After a retention interval of 5 minutes, we expect a worked example effect for complex 

tasks (as in both Chen et al. and Hanham et al.) but no or a smaller worked example effect for 

simple tasks (Hypothesis 2). After a retention interval of 1 week, we expect a testing effect for 
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simple tasks (as in both Chen et al. and Hanham et al.) but no or a smaller testing effect for 

complex tasks (Hypothesis 3). 

Method 

Participants  

To achieve a power of .90 for all proposed hypothesis tests, 176 typically-developing 

Dutch 10-to-11-year-old students participate. 

Design 

We use a 2 (Task Complexity: simple vs. complex) x 2 (Practice Strategy: worked 

examples vs. retrieval practice) x 2 (Retention Interval: 5 minutes vs. 1 week) between-

subjects design. 

Apparatus, Materials, and Instruments 

Apparatus  

Participants complete the experiment, which is programmed in LimeSurvey (Version 

3.17.0; https://www.limesurvey.org), on individual laptops. 

Materials 

Two sets of study materials in the form of instructional videos are used: one for the 

Simple-condition and one for the Complex-condition. Participants in the Simple-condition are 

taught how to solve a simple mathematical equation requiring two solution steps (e.g., 2 x  + 

4 = 10). Participants in the Complex-condition are taught how to solve a complex 

mathematical equation requiring four solution steps (e.g., 2 x ( + 2) = 2 + 8). 

Four sets of practice materials are used: one for the Simple + Worked examples-

condition, one for the Simple + Retrieval practice-condition, one for the Complex + Worked 

examples-condition, and one for the Complex + Retrieval practice-condition. All four sets of 

practice materials comprise three subsets of five new practice problems. All practice problems 

are analogous to the problem covered in the study materials. 

https://www.limesurvey.org/
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Two sets of test materials are used: one for the Simple-condition and one for the 

Complex-condition. Both sets comprise 10 new test problems. All test problems are 

analogous to the study and practice problems. 

Instruments 

Participants self-report their age and sex. Participants’ prior mathematical knowledge is 

measured using the most recent teacher-administered standardised test in mathematics. 

Participants’ problem-solving performance (i.e., the percentage of required solution steps 

performed correctly) is measured using the test materials. Test reliability and interrater 

reliability are assessed post hoc. 

Procedure 

The three-phase experiment takes place in the classroom. First, in a 10-minute study 

phase, participants receive instruction by watching the instructional video for their condition 

once and without pausing. Second, in a 20-minute practice phase, participants practice the 

problem-solving procedure by working through the practice materials for their condition in a 

self-paced manner. Third, in a 10-minute test phase (after either a 5-minute- or a 1-week 

delay), participants complete the test for their condition in a self-paced manner. 

Data Analysis 

To test our model statistically, we perform a Bayesian 2 x 2 x 2 ANCOVA with task 

complexity, practice strategy, and retention interval as factors and participants’ problem-

solving performance as dependent variable. We include participants’ prior mathematical 

knowledge as a covariate. Also, to take the nested data structure into account, we include 

teacher ID and school ID as predictors. We test the three-way interaction effect of task 

complexity, practice strategy, and retention interval (Hypothesis 1) and the two-way 

interaction effects of task complexity and practice strategy after retention intervals of 5 
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minutes (Hypothesis 2) and 1 week (Hypothesis 3). Data will be collected in March 2022 and 

will be presented at the SIG meeting. 

Round Table presentation 

During our Round Table presentation, we will briefly introduce our study (5 minutes) 

followed by a group discussion (25 minutes) on (a) any questions we have about received 

reviewers’ comments, (b) the viability and value of the theoretical integration we propose, 

and/or (c) our first ideas on analysing the moderating qualities of (initial retrieval) effort and 

initial retrieval success. 
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