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In work situations, problem solving often requires skills related to the profession 

and frequently entailing mathematical knowledge (ACME, 2011; Hodgen & Marks, 

2013). One way to educate students in problem solving is by means of mathematics 

instruction. In primary schools this education includes training in socalled word 

problems which are embedded in more or less realistic situations. To solve these 

problems, students need knowledge of mathematics (Van den HeuvelPanhuizen, 

2005). Word problems are used to introduce students to new mathematical topics 

or to train them in applying their mathematics knowledge to new problem 

situations (Foshay & Kirkley, 2003; Kroesbergen & Van Luit, 2002). This thesis is 

focussed on the latter objective. In many western countries, the mathematic 

textbooks and standardised mathematics tests widely contain word problems 

(Martin & Mullins, 2013; Van der Schoot, 2008). Word problems are structured 

problems: the information about the problem situation is welldefined, the goal of 

the problem is clearly described and mostly there is only one correct answer. 

However, as there are different ways to solve these problems, the solution process 

is not straightforward (Jonassen, 2000).  

An example of a word problem in grade 3 is: Kim is packing eggs into 

boxes. Each box holds 6 eggs. She has 94 eggs. What is the smallest number of 

boxes she needs to pack all eggs? (Martin & Mullis, 2013).  

For most students solving a word problem is quite a complex task, 

consisting of several steps. First, the text has to be read closely and the problem 

situation analysed (94 eggs that need to be put into boxes of 6 eggs each). Next, the 

mathematical knowledge required for solving the problem needs to be explored (is 

this a multiplication, addition or division problem?). Furthermore, to properly 

understand a problem, the mathematical relations among the key numbers and 

words have to be recognised (Hegarty, Mayer, & Monk, 1995; Mayer & Hegarty, 

1996). After this exploration, the solution can be planned. To obtain the correct 

answer, the student needs to determine how to execute the numerical operations 

(e.g. subtracting 6 from 94 or dividing 94 by 6? What to do with the remainder?). 
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Finally, when the student has executed the plan, he/she has to verify whether the 

answer fits the question.  

The example above indicates that in order to solve word problems, several 

episodes of problem solving have to be followed. After extensive studies on problem 

solving in mathematics education, Schoenfeld (1992) distinguished the following 

episodes: read/analyse a problem, explore the mathematical operations involved, 

plan a solution, implement the plan and verify the answer. Afterwards, these 

episodes have been used by other researchers to study how students can be 

supported in solving word problems (see for an overview, De Kock & Harskamp, 

2014). It was established that to be successful in problem solving, students need to 

learn to monitor their activities and regulate their use of the episodes (Efklides, 

2006).  

Students generally find it difficult to solve word problems, especially in the 

case of new situations and/or when combinations of numerical operations have to 

be applied (Mayer & Hegarty, 1996). However, during mathematics classes, 

students usually receive little support from their teachers in overcoming these 

difficulties. Teachers generally tend not to deviate from the mathematics textbooks, 

even though these works offer no advanced strategies (like the use of Schoenfeld’s 

episodes) to improve students’ insight into the word problem solving process. 

While the textbooks offer a broad range of word problem exercises, the strategy 

mainly seems to be to have students read a problem aloud and paraphrase it in 

their own words (Tarr, Chavez, Reys, & Reys, 2006; Verschaffel, De Corte, Lasure, 

Van Vaerenbergh, Bogaerts, & Ratinckx, 1999). Teachers generally apply no further 

resources in supporting students’ word problem solving efforts. Research of the last 

two decades has shown, however, that different instruction approaches can be put 

to use. These methods differ in the extent to which they promote selfregulation on 

the part of the students. 

First, there is the ‘direct instruction’ approach. Here students are 

instructed stepbystep how to solve a word problem item. As Jitendra et al. (2009) 

indicates, direct instruction is often focussed on teaching students to solve 

particular types of problems. These problem types refer to mathematics 

subdomains (e.g. addition and subtraction with whole numbers). After instruction 

 

 

in one or two types, the students are asked to practise with similar problems, after 

which they receive feedback on their answers. This approach teaches students to 

recognise the different problem types and apply the correct problem solving 

strategies. Particularly in special education the direct instruction approach has 

proven to be effective (Fuchs et al., 2009; Fuchs et al., 2010a; Fuchs et al., 2010b). 

However, it also has its drawbacks. One is that students may learn to solve only a 

restricted set of problem types following their stepbystep strategies (e.g. problems 

that have to be solved by addition, subtraction, multiplication or division). If 

students are given other types of problems (e.g. requiring knowledge of fractions, 

percentages, measurement, etc.), however, they are not able to solve them on the 

basis of the direct instruction method because they have not been taught how to 

apply their mathematics knowledge to these new items. As a result, they become 

confused (Jonassen, 2003; Moreno, 2006). Therefore, this approach is not 

considered sufficiently effective for teaching how to solve the broad spectrum of 

word problem types offered in the mathematics curriculum materials and tests.  

The second approach is ‘guided instruction’, which is more directed at self

regulation. In this approach instruction is delivered by offering students prompts 

and hints, presented in a systematic framework of episodes. Students can use this 

framework as a guideline in solving the problem and in estimating what they have 

accomplished so far. To help students use the framework, they are stimulated to 

determine for themselves whether or not they need assistance and, if so, with which 

episodes (Schoenfeld, 2002). Through this framework, students can be taught to 

solve the word problem items systematically and ask for help if they are not able to 

proceed on their own. Rather than training them in fixed procedures for a number 

of different problem types, students are taught how to solve random sets of 

problem categories. In this way, they can become flexible problem solvers. In 

guided instruction students are provided with procedural and contentspecific 

hints for each of the episodes of problem solving. They can choose themselves for 

which episodes they need to consult hints. So the aim is to make students think 

independently about how to solve the problem items with the help of episodes, but 

without training them in applying fixed procedures (Mayer, 2004). Guided 

instruction enables students to recognise in which episode they encounter a 
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problem, and which help they need. In other words: they are taught how to regulate 

their problem solving process and monitor the obstacles they encounter 

independently (Sfard & Kieran, 2001; Hohn & Frey, 2002). This is an advantage, 

since students find it commonly difficult to determine when to ask for help and 

how to use this help properly in order to improve their skills. Instead they may tend 

to just rely on the suggestions provided in the hints (Ku, Harter, Liu, Thompson, & 

Cheng, 2007).  

Because students differ in their ability to solve problems on their own, 

guided instruction requires individual guidance. This guidance may be provided by 

the teachers, but in order to equip them with sufficient content knowledge to 

provide the individual students with the proper support, extensive professional 

training is needed (Jacobs, Franke, Carpenter, Levi, & Battey, 2007).  

Computer programmes can help teachers in offering this individual 

guidance by providing the students with prompts and hints (Adams et al., 2014; 

Aleven & Koedinger, 2000; Li & Ma, 2010). These programmes can be 

implemented in classroom settings. The teacher is then given the task to organise 

the students’ work setting at the computer and oversee whether and how they use 

the support offered in the programme. Next to these organisational aspects, the 

teacher has to instruct the students on how to use the programme effectively to 

improve their problem solving skills. To this end, the focus has to be on the 

framework of problem solving episodes and when and how to use hints. Via the 

data stored in the log files of the programme, the teacher can monitor how often 

and how successful students use these hints. They can include this information in 

their feedback to the students on their progress in the programme and the 

improvement of their hints use.  

However, although computer programmes may be helpful to teachers in 

organising individualised instruction in word problem solving, they also have some 

drawbacks. For example, if the instructional support via prompts and hints is not 

compulsory, students do not always use them when they need them (Koedinger & 

Aleven, 2007; McLaren, Van Gog, Ganoe, & Karabinos, 2016; Roll, Aleven, 

McLaren, & Koedinger, 2007; Winters, Greene, & Costich, 2008). Secondly, 

 

 

students need to learn to use the instructional support appropriately during the 

problem solving process.  

In this dissertation we examined two questions: 1) Can a computer 

programme for word problem solving be effectively implemented by teachers in 

their mathematics lessons?, and 2) Will adaptations to the instructional support 

provided by such a programme lead to more frequent use of the support, more 

success in the computer programme and improved student word problem solving 

skills?





 

There are several examples of computer programmes which provide hints based on 

the episodes of Schoenfeld (e.g. Kramarski & Gutman, 2006; Kramarski & 

Friedman, 2014; Teong, 2003; Jacobse & Harskamp, 2009). In the studies on these 

programmes, the episodes (read/analyse, explore, plan, implement and verify) are 

presented as a framework of hints. This framework has the purpose of making 

students consider the episodes involved in the problem solving process as well as 

the help they need in a specific episode (Jacobse & Harskamp, 2009; Kramarski & 

Gutman, 2006; Teong, 2003; Chang, Sung & Lin, 2006). The students are free to 

use the hints. They are advised to do so if they are not able to continue or if their 

answer is incorrect.  

Before examining how the instructional support offered in computer 

programmes can be improved, we should note that many of the programmes in the 

studies mentioned above were executed in classrooms by researchers or their 

assistants rather than by teachers. From previous research we know that in such 

settings the effects of these programmes on students are often greater than when 

they are used by the teachers in their daily practice. Teachers tend to be less 

consistent in regularly using the programmes (Dignath & Büttner, 2008; Donker, 

De Boer, Kostons, DignathVan Ewijk, & Van der Werf, 2014). This limited degree 

of implementation of computer programmes in a school context can predominantly 

be explained by the many distracting factors associated with school life (e.g. Groff & 
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Mouza, 2008). However, this is one of the main reasons why research on the 

implementation of computer programmes for word problem solving is worthwhile.  

The first topic of research in this dissertation deals with the question 

whether teachers could implement these programmes effectively in their 

mathematics lessons after a preflight training. More in particular, we want to 

investigate whether teachers are adequately able to monitor students’ use of the 

programme and give individual feedback on how to solve word problems using 

hints. To this end, we will test the students’ problem solving abilities both before 

and after the programme has been implemented in the classrooms. Research topics 

2 to 5 of the dissertation refer to the second research question. We will try to find 

out if the programme’s instructional support can be further improved so that the 

students’ use of the support becomes more effective.  

The second topic of the dissertation concerns the proposition that not all 

types of hints are equally effective for students in helping them solve the word 

problems successfully. Computer programmes based on Schoenfeld’s episodes, for 

example, may offer hints containing merely general procedural advice about how to 

use the episodes in a systematic way (Kramarski & Friedman, 2014). Here the main 

aim is to teach the students to develop their own problem solving approaches. 

Although hints containing procedural guidelines do improve students’ problem

solving skills, they are not always a guarantee for successful problem solving. 

Students may also need contentrelated help (e.g. if they fail to select the relevant 

numbers and operations to solve the problem item during the explore episode, they 

may need specific hints about this aspect; e.g. Bulu & Pedersen, 2010; Lee, Lim, & 

Grabowski, 2010). Contentrelated hints give precise directions on how to read, 

analyse and explore the problem and how to plan its final solution (Chan, Sung, & 

Lin, 2006). Although both types of hints aim to bridge the gap between the 

knowledge possessed by the student and that required to solve the problem, 

contentrelated hints are often more specific, and as a result more effective in 

helping to solve the problem at hand successfully. However, this does not imply 

that students who are offered contentrelated hints better succeed in solving 

problems on their own (Liu, Bera, Corliss, Svinicki, & Beth, 2004). Despite the 

extensive research on the different ways of enhancing students’ word problem 

 

 

solving skills, it is still unclear which type of hints (contentrelated or procedural) 

contributes more to the improvement of students’ problem solving proficiency 

(Devolder, Van Braak, & Tondeur, 2012). 

The third topic is about peer collaboration combined with the use of hints. 

Hints use may be improved in collaboration, promoting cognitive elaboration. 

When problem solving is made a shared responsibility, hints can serve as 

communication tools in students’ deliberations about how to solve the item. Hints 

may be used more frequently in collaboration than during individual use (Webb, 

2008). However, research  especially in primary education  has shed little light 

upon the effectiveness of collaborative as compared to individual word problem 

solving and the effects they may have on the use of hints (Kyndt, Raes, Lismont, 

Timmers, Cascallar, & Dochy, 2013). We know that cognitive elaboration 

(exchanging thoughts about how to solve a problem) is not an easy task for primary 

school students. But once they have hints at their disposal through which they can 

exchange information, their deliberations may improve and lead to joined problem 

solving. The effectiveness of collaboration depends much on the quality of the 

interactions between the students (Zurita, Nussbaum, & Salinas, 2005). Research 

can show if the quality of word problem solving improves when hints are used 

during collaboration and if this approach also enhances the problemsolving skills 

of the individual students. 

The fourth topic involves the effectiveness of hints for the different 

episodes. Hints can help students overcome difficulties during problem solving.. 

However, students do not always use the hints when they need to. One of the 

reasons is that hints take extra effort to process. If the hints could be reduced to 

those episodes that help students most, then students may use hints more often. 

Several researchers have pointed out that understanding the problem situation 

(episode read/ analyse) is a crucial factor in problem solving (Swanson, Orosco, & 

Lussier, 2014). However, other researchers (Hegarty, Mayer, & Monk, 1995) have 

stressed that students find it especially difficult to relate their mathematics 

knowledge to the problem at hand (the episode explore).  

We expect hints for the episode read/ analyse to be less effective than hints 

for the episode explore. The latter hints not only provide information to analyse the 
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problem situation but also include information on the mathematical relationships 

in a problem. However, if there is no difference in effect between the two episodes, 

then hints for only one episode would suffice. 

The fifth topic in this dissertation is about the way in which hints are 

presented to the students. The use of hints in word problem solving takes up extra 

work load in students’ working memory. The primary task is to solve the word 

problem, which causes cognitive load in working memory. But, when hints are 

used, a student has to process the word problem and the hints simultaneously. This 

will help him or her to solve the problem but at the cost of an increase in cognitive 

load and extra mental effort of the student. How can the extra load of the hints be 

reduced? Until now, the hints in the programme consist of a visual schema 

combined with written explanations, which means that all information is presented 

visually. According to multimedia theory, the working memory is less burdened if 

new information is presented as a combination of images and spoken instead of 

written explanations (Clark & Mayer, 2011). If the cognitive load of the hints can be 

diminished by splitting the information into an audio and a visual part, students 

may have less difficulty in understanding the hints, and use them more effectively. 

We studied the question whether audiovisual hints can be processed more 

effectively than visualonly hints and whether students word problem solving 

improves more when audiovisual hints are used.   

 



 

In Section 1.1 the general research questions are formulated. The first question 

concerns the implementation of a computer programme for the purpose of word 

problem solving in school practice. The second question is about the effect of 

adaptations to the programme on students’ improvements in problem solving. 

Within this scope the more specific research questions are outlined, as summarised 

below.  

Chapter 2 addresses the question whether a word problem solving 

programme tested by researchers (Jacobse & Harskamp, 2009) can also be used 

effectively by primary school teachers in their mathematics classes (research topic 

 

 

1). We argued that if teachers were indeed able to use the programme in their 

school settings, there would be sufficient reason to study how the programme could 

be further improved. Therefore, we investigated 1) whether teachers could use the 

programme in their mathematics classes, 2) whether students were able to 

complete most of the problems in the programme, and 3) whether these students 

had improved their problem solving skills after using the programme (e.g. 

analysing and solving word problems, and selfmonitoring).  

In Chapter 3 a comparison is made between the effect of a programme 

providing only procedural hints and a programme offering contentspecific hints 

combined with procedural hints (research topic 2). There is still little evidence of 

which type of hints better improves students’ problem solving skills and whether 

the effect of hints depends on students’ prior abilities.  

Chapter 4 makes a comparison between the use of hints during 

collaborative learning in dyads and that during individual problem solving 

(research topic 3). In the literature, little is known about the effectiveness of hints 

in collaborative word problem solving. The aim of this study has been to find out 

whether collaborative problem solving improves the use of hints, and whether the 

use of hints in a collaborative setting better enhances the individual student’s 

problem solving skills than the use of hints in an individual setting. 

Chapter 5 deals with the effectiveness of hints in the different episodes of 

problem solving (research topic 4). Current research provides little knowledge 

about the possible differences between the effects of hints for the different problem 

solving episodes. New information can help to decide if hints for all episodes are 

required. We investigated whether there is a difference in effect between the hints 

for the episode read/analyse and those for the episode explore. If the explore hints 

(that contained extra information on how to solve problems) were more effective 

than the read/ analyse hints, they would be required because they give students 

extra support. But, if the explore hints are not more effective then probably they 

can be left out. 

Chapter 6 reports on a study about the issue of decreasing the cognitive 

load of hints in order to better facilitate students in processing them (research topic 

5). Hints are usually represented by a visual scheme complemented with 
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explanatory text. One way to decrease the cognitive load of hints is to change the 

text explanations into spoken accounts. In this way the allvisual information of the 

hints (text with a visual schema) is changed into audiovisual information (spoken 

text with a visual schema). We studied whether the manner of presentation of the 

hints indeed positively affects the quality of students’ solution plans and their 

problem solving skills.  

Finally, chapter 7 presents the main findings and conclusions of the studies 

conducted for this dissertation, and their implications for theory. In addition, 

recommendations for further research on the implementation of the programme in 

school practice are made. To conclude, we discuss which of the alterations in 

content, setting and presentation of the hints that were investigated could make a 

computersupported word problem solving programme more effective.
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Teachers in primary education experience difficulties in teaching word problem 

solving in their mathematics classes. However, during controlled experiments with 

a metacognitive computer programme, students’ problem solving skills improved. 

Also without the supervision of researchers, metacognitive computer programmes 

can be beneficial in a natural class setting. In this study we examined the 

effectiveness of a computer programme in such a setting. During ten weeks, the 

grade 5 students of the experimental condition (n=280) practised with the 

programme while also working in their mathematical textbooks. The programme 

offered metacognitive hints to support them in solving the mathematical problems. 

The students of the control condition (n=110) also worked in their textbooks for the 

10 weeks period, but had no access to the computer programme. The results 

indicate that the computer programme is suitable for implementation in practice 

and beneficial to the students in combination with their mathematics textbooks.   

 

 

 

 

 

 

 

 

 

 

 

 

 



 

In contemporary mathematics education in primary school, mathematical tasks are 

often embedded in a realistic context to make problem solving more authentic and 

meaningful. Socalled ‘word problems’ are part of the mathematics tests because 

they indicate how well students are able to apply their knowledge of mathematics to 

new situations (Foshay & Kirkley, 2003; Kroesbergen & Van Luit, 2002). In the 

Netherlands, like in many other countries, the greater part of the mathematics test 

consists of word problems. Teachers, however, often lack the pedagogical 

knowledge to teach problem solving properly and differentiate their instruction to 

heterogeneous groups of students (Inspectie van het Onderwijs [Dutch 

Inspectorate of Education], 2008).  

As regards pedagogical knowledge, Schoenfeld (1992) concluded based on 

his research of expert and novice problem solvers, that there are certain episodes 

involved in mathematics problem solving. He distinguished the following: read and 

analyze a problem, explore the type of problem, make a plan, implement it and 

verify the answer. Novices often quite randomly select numbers from a word 

problem and spend much time on trying to solve a problem. Experts take time to 

read, explore and plan a problem before they start doing the calculations. Students 

therefore need skills to analyze a problem, translate the information gathered to a 

mental model, and use this model to find the appropriate solution method to solve 

the item (Fuchs et al., 2008; Mayer & Hegarty, 1996; Verschaffel et al., 1999). Thus, 

next to cognitive skills, students need regulating and selfmonitoring competencies 

which enable them to make proper use of their mathematical knowledge when 

solving problems. These are called metacognitive skills (Schoenfeld, 1992; 

Verschaffel et al., 1999; Jacobse, 2012).  

To support students’ problem solving capacities in primary education, 

intervention studies have been conducted. One intervention approach is to support 

problem solving through direct instruction (Fuchs et al., 2008). Via direct 

instruction students are taught to recognize and analyze different types of problem 

situations and implement procedures to plan and solve these problem contexts. 

The interventions are restricted to a mathematical subdomain: e.g. recognizing 



2

22 23 

 



 

Teachers in primary education experience difficulties in teaching word problem 

solving in their mathematics classes. However, during controlled experiments with 

a metacognitive computer programme, students’ problem solving skills improved. 

Also without the supervision of researchers, metacognitive computer programmes 

can be beneficial in a natural class setting. In this study we examined the 

effectiveness of a computer programme in such a setting. During ten weeks, the 

grade 5 students of the experimental condition (n=280) practised with the 

programme while also working in their mathematical textbooks. The programme 

offered metacognitive hints to support them in solving the mathematical problems. 

The students of the control condition (n=110) also worked in their textbooks for the 

10 weeks period, but had no access to the computer programme. The results 

indicate that the computer programme is suitable for implementation in practice 

and beneficial to the students in combination with their mathematics textbooks.   

 

 

 

 

 

 

 

 

 

 

 

 

 



 

In contemporary mathematics education in primary school, mathematical tasks are 

often embedded in a realistic context to make problem solving more authentic and 

meaningful. Socalled ‘word problems’ are part of the mathematics tests because 

they indicate how well students are able to apply their knowledge of mathematics to 

new situations (Foshay & Kirkley, 2003; Kroesbergen & Van Luit, 2002). In the 

Netherlands, like in many other countries, the greater part of the mathematics test 

consists of word problems. Teachers, however, often lack the pedagogical 

knowledge to teach problem solving properly and differentiate their instruction to 

heterogeneous groups of students (Inspectie van het Onderwijs [Dutch 

Inspectorate of Education], 2008).  

As regards pedagogical knowledge, Schoenfeld (1992) concluded based on 

his research of expert and novice problem solvers, that there are certain episodes 

involved in mathematics problem solving. He distinguished the following: read and 

analyze a problem, explore the type of problem, make a plan, implement it and 

verify the answer. Novices often quite randomly select numbers from a word 

problem and spend much time on trying to solve a problem. Experts take time to 

read, explore and plan a problem before they start doing the calculations. Students 

therefore need skills to analyze a problem, translate the information gathered to a 

mental model, and use this model to find the appropriate solution method to solve 

the item (Fuchs et al., 2008; Mayer & Hegarty, 1996; Verschaffel et al., 1999). Thus, 

next to cognitive skills, students need regulating and selfmonitoring competencies 

which enable them to make proper use of their mathematical knowledge when 

solving problems. These are called metacognitive skills (Schoenfeld, 1992; 

Verschaffel et al., 1999; Jacobse, 2012).  

To support students’ problem solving capacities in primary education, 

intervention studies have been conducted. One intervention approach is to support 

problem solving through direct instruction (Fuchs et al., 2008). Via direct 

instruction students are taught to recognize and analyze different types of problem 

situations and implement procedures to plan and solve these problem contexts. 

The interventions are restricted to a mathematical subdomain: e.g. recognizing 



24 25 

 

whether to apply addition or subtraction in a word problem. The direct instruction 

approach entails a stepbystep tuition of the students. The method has been 

proven effective in several studies in primary education, especially in special 

education (Fuchs et al., 2009; Fuchs et al., 2010b; Fuchs et al., 2010a).  

Another approach to the teaching of problem solving is guided instruction. 

In this approach students are offered help and instruction on demand. The 

students make their own independent choice in finding help without the 

intervention of an instructor. This method seems to be in line with Schoenfeld’s 

idea of metacognitive support in learning to solve problems (Schoenfeld, 1992). The 

teachers help the students in thinking of ways to solve a problem without training 

them in fixed procedures. A good example is a study of Desoete, Roeyers and De 

Clercq (2003), where before calculating a problem, students of a metacognitive 

training group were first asked to predict if they could solve the item, while 

students of the control groups were trained in math skills, word recognition, 

number relationships and motivation. In the posttest the metacognitive training 

group was the most successful in solving problems and the motivational group the 

least successful. Hohn and Frey (2002) used the ‘SOLVED’ checklist as a 

metacognitive framework. It stands for: State the problem, Options to use, Links to 

the past, Visual aid, Execute your answer, and Do a back check. Here the teachers 

taught the students to apply this checklist when they had difficulty solving a 

problem.  

 



There are also examples of the use of computers to teach metacognitive 

problem solving. Kramarski and Gutman (2006) introduced the IMPROVE 

programme as an aid in problem solving. IMPROVE is an acronym for: Introducing 

the new concepts, Metacognitive questioning, Practising, Reviewing and reducing 

difficulties, Obtaining mastery, Verification, and Enrichment. Students worked 

successfully with this programme. Teong (2003) presented a programme 

containing a ‘CRIME’ strategy as a metacognitive framework, which stands for 

Careful Reading; Recall Possible Strategies; Implement Possible Strategies; 

Monitor, and Evaluation. It was successful in supporting low ability students in 

 

 

solving word problems because the programme guided the students’ problem 

solving behaviour. The programme of Chung and Tam (2005) adds to the study of 

Teong. Chung and Tam’s study also shows that the problemsolving performance of 

students with mild intellectual abilities can be significantly influenced by this type 

of instruction. Jacobse (2012) and Jacobse and Harskamp (2009) used a computer 

programme which provided problemsolving hints. They also applied the problem

solving episodes of Schoenfeld (1992) to their programme (‘read and analyze the 

problem’, ‘explore possible solutions’, ‘plan a solution’, ‘monitor the 

implementation’ and ‘evaluate the outcome’). Based on these episodes the authors 

developed a metacognitive framework and let the students independently choose 

which help they required if they did not know how to proceed in solving a problem. 

To stimulate the students to solve the items, the episodes were linked to procedural 

and contentrelated hints and prompts, like “Which numbers and relationships are 

relevant?” and “Look at the schema of this problem, can you put in the missing 

numbers?”.   

A particular characteristic which most metacognitive programmes have in 

common is that they try to engage students in making a structural representation of 

the word problem: a checklist or a model which represents the problemsolving 

episodes, in combination with visual schemes which depict the problem situation. 

They invite the students to consider how to solve problems in a systematic way. The 

students autonomously have to analyze the word problems and find the right 

numbers to calculate. We chose this approach because it specifically aims at the 

development of students’ metacognitive skills. In addition, we expected this 

method to better enhance the transfer of problem solving than a direct instruction 

of the problem solving steps would do (Azevedo, 2007). However, metacognitive 

instruction assumes that students first have to be taught to ask for help (Aleven & 

Koedinger, 2000). At the same time, the need for help may differ for students with 

different mathematics skills and mental abilities (Wood & Wood, 1999). But 

although computer programmes can answer to these different needs, teachers or 

pedagogical agents are still required to guide the students in making proper use of 

the hints (Clarebout, Elen, Johnson, & Shaw, 2002). Next, we summarize the 

elements of a metacognitive computer programme for primary school needs: 
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the hints (Clarebout, Elen, Johnson, & Shaw, 2002). Next, we summarize the 
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• Episodes (read/analyse, explore, plan, implement and verify), presented in 

a metacognitive structure with hints that offer help, with the aim of making 

students consider both the episodes (‘steps’) involved in the problem 

solving process and the episode(s) they need help with when having 

difficulties (Jacobse & Harskamp, 2009; Kramarski & Gutman, 2006; 

Teong, 2003; Chang, Sung & Lin, 2006); 

• Hints for the first three episodes, which include visual representations of 

the problem situation (such as sketches, schema, visual models) to help the 

students make a connection between the episodes and the mathematical 

knowledge needed to execute the episodes (Hohn & Frey, 2002; Desoete 

Roeyers, & De Clercq, 2003); 

• The students are free to use the hints, but if they are not able to continue or 

their answers are incorrect, the programme will prompt them to proceed in 

a systematic way. The use of hints will improve students’ metacognitive 

skills (Jacobse & Harskamp, 2009; Jacobse, 2012); 

• The episode “verify”, which takes place after the problem has been 

answered. For this episode a worked example may be given, so that the 

student can compare his/her solution to an expert model (Fuchs et al., 

2009; Fuchs et al., 2010b; Fuchs et al., 2010a). 

 



A point of concern, however, was that all of the above mentioned studies 

were executed by researchers or their assistants. Metaanalyses of the effects of 

metacognitive studies in primary and secondary education have made clear that the 

general impact on students learning becomes much smaller once teachers work 

with the programme instead of the researchers (Dignath & Büttner, 2008). The 

reason is that teachers tend to use computer programmes not as fully as research 

assistants do. Therefore, in our study the teachers were given training in proper 

programme usage in school practice. If the programme was easy to understand and 

handle in class, only a brief training would be required, one which mainly explained 

its rationale and advantages, and demonstrated its use (Cohen & Hill, 2000; 

DarlingHammond, Wei, & Johnson, 2009). The word problem solving programme 

 

 

of Jacobse and Harskamp (2009) seemed an easy computer programme for 

teachers to use. It was webbased and easy to access in schools with an internet 

connection. Students would have little difficulty in understanding the interface: the 

metacognitive framework with hints was visualized in a staircase. The role of the 

teacher was to introduce the programme, organize computer practicals in or 

outside the classroom and stimulate the students to seek help for certain episodes if 

they were not able to proceed with their problem solving tasks. Through preflight 

training, with examples from practice in other schools, it was examined whether 

teachers would be able to implement the programme in their own mathematics 

classes. The degree of implementation in this study is assessed with the help of 

components that are essential for the programme to be effective for students 

(Nelson, Cordray, Hulleman, Darrow, & Sommer, 2012). The components are: a) 

the teacher organizes the use of the programme and lets students finish all word 

problems; b) the teachers monitors that students are successful in finishing the 

problems in the programme; c) the teacher supports individual students who still 

have difficulty with the word problems and d) the teacher also uses the problem 

solving episodes from the programme to instruct students in word problem solving 

during daily mathematics lessons. The components a and b are necessary to make 

the programme more effective for students problem solving skills than the usual 

practice of word problem solving in mathematics lessons. The teacher's use of 

components c and d will further enhance the effectiveness of the programme for 

students. Next to this, it was questioned how well the students were able to use the 

programme and what they gained from it.  

On this basis we formulated the following research questions:  

 

1. If teachers are trained in usage of a computer programme for word 

problem solving, can they use it in their daily practices as intended?  

2. If teachers implement the computer programme in their mathematics 

lessons can students solve most of the problems correctly and use hints 

when they do not know how to proceed?  
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3. Does working with the computer programme have a positive effect on 

learning outcomes in terms of the analysis of word problems, solving word 

problems and selfmonitoring (as an aspect of metacognition)?  

 





A quasiexperimental design with two conditions was chosen to answer the 

research questions. The aim of this study was to examine whether the problem

solving skills of students could be improved by offering a computer programme 

which provided hints for the different episodes of the problem solving process. 

Given the nonobligatory nature of the programme, its results depended on the 

students’ usage of the hints. Therefore, particularly this aspect was examined. 





The quasiexperiment was executed in 18 grade five classes of 12 middle

sized elementary schools in the Netherlands. In total 18 teachers and 390 students 

of grade 5 (9  10 year old students) participated in this study, of which 12 teachers 

and their 280 students were assigned to the experimental condition and 6 teachers 

and their 110 students to the control condition. In each school, students were either 

assigned to the research condition or to the control condition. Because in the 

experimental condition hint usage was an important factor, we particularly wanted 

to study variation in use in this group. This is why here a larger group of students 

was necessary.  

The average age of the teachers in the experimental group was 39.9 (SD = 

13.5) and in the control condition 38.0 (SD = 14.0). There were 6 male and 6 female 

teachers in the experimental condition and 2 male and 4 female teachers in the 

control group. The experimental condition consisted of 54% girls and 46% boys 

while in the control group the proportion was 48% girls and 52% boys. The 

students mostly had an average to low social income background and the classes 

did not include ethnic minority children.  

In terms of student population and teacher characteristics, there were no 

significant differences between the two research conditions. 

 

 



The programme was derived from Jacobse and Harskamp (2009). Word 

problems were categorized into three difficulty levels, ranging from easy (1), 

moderate (2) to difficult (3). The difficulty was based on the number of sentences, 

number of calculation steps, and whether redundant information was included in 

the word problems. For each difficulty level, 80 novel word problems were included 

in the programme. To solve these problems students had to apply addition, 

subtraction, multiplication and/or division in combination with fractions, 

percentages, the metric system, money, and decimals. The programme was web

based and contained 10 units. In each unit 8 word problems were offered and the 

students were granted 20 minutes to solve these items. Students who correctly 

solved 7 or 8 problems on level 1 or 2 were promoted to a higher level. They were 

leveled down from level 2 or 3 when they had only solved 3 or fewer problems 

correctly. In all other cases they remained on their initial level.  

The metacognitive framework of episodes with hints was displayed as a 

‘staircase’, containing ‘steps’ in line with the following episodes: read and analyze 

(‘I read carefully’), explore (‘I know the type of problem’), plan (‘I make a plan’), 

verify (‘I check my answer’) and (‘What did I learn?’). The hints are presented in an 

informal conversational style, emphasizing the personal aspect by using words like 

'you' and 'I' (Clark & Mayer, 2011). Presenting the image of a staircase including 

different problemsolving ‘steps’ can be seen as a metacognitive prompt to solve 

word problems in a systematic way (Harskamp & Suhre, 2007). The students were 

given the freedom to choose which hints they wanted to use. Additionally, when the 

students needed support in their judgment and clicked a hint, metacognitive 

questions and additional prompts were given such as: “What is the question you 

have to answer?” (read and analyze) and “Don’t forget to write down your 

calculation neatly” (plan and implement). Although these metacognitive questions 

seemed quite general in nature, they were embedded in contentspecific prompts 

particularly related to the problems.  

Figure 2.1 shows the interface of the computer programme with a sample 

word problem and three hints. The hints are placed at the bottom of the figure. In 

the programme, however, the hints appeared on the right side of the computer 
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interface. After logging in and choosing a problem from the start menu, a new 

screen could be opened after which the problem was presented on the left side of 

that screen. The students could choose hints when they did not know how to 

continue their solution process or found that their answer was incorrect, but they 

did not have to. Each student could work through the word problems in his or her 

own pace.  

 

 
Figure 2.1 Computer programme interface with a sample problem and the staircase 
of episodes. The hints linked to the episodes (see arrow) are displayed below.  
 

Figure 2.1 shows that the first hint (on the staircase) which a student could 

choose related to the episode ‘I read carefully’. This hint provided a visual 

representation of the main features of the problem situation while some text was 

added to clarify the picture. This ‘read/analyze’ hint was intended to help the 

student create a situational model by drawing the attention to the key information 

 

 

in the word problem. The question “What is the question you have to answer?” 

pointed the students to the goal of the problem.  

Via the hint ‘I know this type of problem’ (see Figure 2.1) the features of the 

situation associated with the problem were clarified in more detail. However, the 

student still had to clarify to which task the situation applied (e.g. addition or 

subtraction). The final question in this episode was “What type of calculation can 

you do?”.  

When opting for the hint ‘I make a plan’, a mathematical model 

representing the word problem was provided to support the student’s solution plan. 

Here the students had to shift from a structural model of the problem (‘I know this 

type of problem’ is needed) to a mathematical model and a computation task.  

After executing their plans, all students from the experimental group 

proceeded to the ‘I check my answer’ hint. When they believed to have found the 

right answer, they had to fill it in. There was direct feedback on the correctness of 

this answer. If the answer was incorrect, the student was advised to use the 

staircase of hints. Two chances were offered to fill in the right answer. Next, the 

programme automatically proceeded to the last episode: ‘What did I learn?’. In this 

episode a worked example of the problem was provided, which the students could 

compare to their own solutions.  

 



Prior to the experiment, all students completed a pretest, after which the 

classes were assigned to the research conditions. After that, the teachers 

participated in workshops which prepared them for their respective conditions.  

For the teachers in the experimental condition, the workshop addressed 

the organization of the computer programme to be used in the class and the role 

they had to play in its implementation. First, the teachers had to solve a difficult 

word problem. Next, the researcher analyzed with the teachers how they had solved 

this problem and which steps they had used. After this discussion the teachers were 

informed on Schoenfeld’s episodes in problem solving and how problem solving 

can be supported using these episodes. It was then demonstrated how the 

computer programme could support the students, after which each teacher 
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practised with two word problems in the computer programme. This step was 

followed by discussing the experiences with the computer programme. The 

teachers were also shown how they could find information in the computer 

programme about their students’ progress and performance. Furthermore, a 

videotaped lesson in a classroom was analyzed in which the programme was used 

by students while other students were working in their textbooks. Here the focus 

was on the classroom organization when working with the programme. The 

teachers were also shown how in the students’ results overview they could 

recognize which students did not use the programme as intended (those who 

skipped problems or did not use hints when they had produced incorrect answers). 

In addition, the teachers were given examples of how to give feedback to the 

students. At the end of the workshop, the researcher and the individual teachers 

planned the ten computer lessons for the ten weeks as registered in the timetables 

of the regular mathematics lessons. The tasks of the teachers in the experimental 

condition were to organize the computer lessons within the timetable for the 

regular mathematics lessons, see to it that all students did the items every week, 

check and analyze the students’ progress in the computer programme, and give 

individual feedback to those who did not work in the computer programme as 

instructed.  

In the control condition the teachers were given information about solving 

word problems in the mathematics textbooks. The researchers explained that they 

wanted to study the teachers’ instruction of word problems as they appear in the 

mathematical textbooks used in class. The teachers were asked to solve the same 

complex word problem as the one presented to the teachers in the experimental 

group. In addition, Schoenfeld’s episodes of problem solving were explained. Next, 

the teachers were given their students’ test results of the pretest. It was discussed 

which of their students had difficulty in solving the problems and how the teachers 

could support these students by using the staircase of episodes. The teachers were 

given several sample problems and it was explained how to have the student use 

the episodes and how they could be given hints which could help them without 

giving away the correct answer. The teachers were shown how hints could be 

provided by making a brief drawing of the problem situation and adding the 

 

 

relevant numbers and their relationship. As the teachers had little time to attend to 

individual students, they were advised to instruct a group of weaker students once a 

week, picking one of the word problems from their textbook and applying the 

episodes model. Then, the mathematics timetables were discussed for the ten 

weeks in which the teachers were going to try out the approach.  

After the workshops the teachers of the experimental condition started 

working with the computer programme. First, they gave their students a preflight 

training in the use of the programme. In the following ten weeks they had each 

student work with the computer programme for 20 minutes according to the 

timetable agreed upon. In turn, the teachers checked the students’ performance 

every week. Furthermore, students who failed to use hints or/and did not manage 

to solve particular word problems correctly, were given feedback. Each week the 

teachers in the experimental condition received a log book by email which they had 

to fill in and send back. The researchers analyzed these logs while teachers who 

reported difficulties with the use of the programme were advised by email how to 

solve these problems.   

The teachers of the control condition continued to work with the 

mathematics textbooks. Once a week, they planned to use the sample word 

problems from the training materials to instruct the episodes of problem solving. 

A week after the experiment, all students from both conditions completed post

tests. In the next chapter we describe which data was collected and which 

instruments were used to collect this data.  

 



In order to investigate the implementation of the programme as intended 

by the researchers, three instruments were used: teacher logbooks, questionnaire 

and log files of the students. Details about the use of the programme by students 

could be derived from the log files of the students. The effect of the programme on 

student learning was measured by three tests. We will discuss these instruments 

here.  
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 To check whether the teachers of the experimental condition sufficiently 

tracked their students’ progress, they received log books by email every week. Here 

the teachers were questioned if they had managed to obtain an overview of the 

students’ performance from the files in the computer programme and if they were 

able to analyze the results. The teachers were also asked to indicate if the individual 

students had increased, decreased or maintained their level of performance as 

regards the problems offered by the computer programme. Finally, the teachers 

were asked in what way they had given feedback to those who did not make use of 

the hints and often produced incorrect answers. Throughout the process the 

teachers could always approach the researchers if difficulties occurred with respect 

to the programme. 

 



 Both prior to and after the experiment teachers from the experimental and 

control condition filled in a questionnaire. There was a part on teachers lesson 

planning about the number of mathematics lessons a week, the number of minutes 

per lesson, the curriculum materials used in class and the units processed by the 

students. The other part was on how the teachers had taught problem solving in 

their classrooms. For this part of the questionnaires 9 items were constructed on a 

five point Likertscale ranging from 0 (totally disagree) to 4 (totally agree). The 

teachers could give only one answer per question. The total score included the sum 

of the scores of the 9 items, leading to a range of scores between 0 and 36. The 

reliability as indicated by Cronbach’s alpha was .63 for the questionnaire prior to 

the experiment and .64 for the questionnaire after the experiment (see Table 2.1 for 

example items). 

 

  

 

 

Table 2.1 

Overview of the first four items of the questionnaire 



I encourage students to draw a picture of the situation when they have difficulty solving a 

word problem 



I like thinking about the way in which students solve word problems 



I know how most of the students in my class solve word problems 



I encourage students to think aloud in explaining how they solve a word problem 



         



 During the experiment the computer programme kept log files of the 

students’ performances in solving the eight word problems each week. To have an 

overview of their students’ results, the teachers used a special log file format. The 

researchers had the raw data. From the log files, it was calculated for each student 

how many word problems they had solved correctly and incorrectly and which 

hints they had used. This information was employed to check how the students 

worked in the computer programme.   

 



 To measure whether the students were able to analyze the word problems 

properly, two word problems tests (pretest and posttest) were designed. In each 

test twelve novel word problems were included, which were not used in the 

programme. Both tests were administered as a paper and pencil exam. The 



2

34 35 

 



 To check whether the teachers of the experimental condition sufficiently 

tracked their students’ progress, they received log books by email every week. Here 

the teachers were questioned if they had managed to obtain an overview of the 

students’ performance from the files in the computer programme and if they were 

able to analyze the results. The teachers were also asked to indicate if the individual 

students had increased, decreased or maintained their level of performance as 

regards the problems offered by the computer programme. Finally, the teachers 

were asked in what way they had given feedback to those who did not make use of 

the hints and often produced incorrect answers. Throughout the process the 

teachers could always approach the researchers if difficulties occurred with respect 

to the programme. 

 



 Both prior to and after the experiment teachers from the experimental and 

control condition filled in a questionnaire. There was a part on teachers lesson 

planning about the number of mathematics lessons a week, the number of minutes 

per lesson, the curriculum materials used in class and the units processed by the 

students. The other part was on how the teachers had taught problem solving in 

their classrooms. For this part of the questionnaires 9 items were constructed on a 

five point Likertscale ranging from 0 (totally disagree) to 4 (totally agree). The 

teachers could give only one answer per question. The total score included the sum 

of the scores of the 9 items, leading to a range of scores between 0 and 36. The 

reliability as indicated by Cronbach’s alpha was .63 for the questionnaire prior to 

the experiment and .64 for the questionnaire after the experiment (see Table 2.1 for 

example items). 

 

  

 

 

Table 2.1 

Overview of the first four items of the questionnaire 



I encourage students to draw a picture of the situation when they have difficulty solving a 

word problem 



I like thinking about the way in which students solve word problems 



I know how most of the students in my class solve word problems 



I encourage students to think aloud in explaining how they solve a word problem 



         



 During the experiment the computer programme kept log files of the 

students’ performances in solving the eight word problems each week. To have an 

overview of their students’ results, the teachers used a special log file format. The 

researchers had the raw data. From the log files, it was calculated for each student 

how many word problems they had solved correctly and incorrectly and which 

hints they had used. This information was employed to check how the students 

worked in the computer programme.   

 



 To measure whether the students were able to analyze the word problems 

properly, two word problems tests (pretest and posttest) were designed. In each 

test twelve novel word problems were included, which were not used in the 

programme. Both tests were administered as a paper and pencil exam. The 



36 37 

 

students had to indicate for each word problem which information was really 

required to solve the item. The information selection was done by filling in the 

checkboxes in front of each sentence in the word problem. For each word problem 

the perfect score was 1, which means that all correct information was selected and 

the redundant information was left unselected. A score of 0 could be obtained if the 

students had not selected all relevant information and/or if they had selected 

redundant information. The total scores on this test ranged from 0 to 12. The 

reliability of the test as indicated by Cronbach’s α was .73 for the pretest and .78 

for the posttest. This amount was sufficient for analysing the differences between 

the student groups. 





Besides analysing word problems, skills in solving word problems were 

measured. For this purpose a different word problem solving test was designed. 

The pretest and posttest consisted of 20 novel word problems (see Table 2.2). 

Here the test items were not used for analysing word problems or the use of the 

computer programme. Although the word problems were similar, they were more 

complex than those in the Dutch standardized tests used in most elementary 

schools (CITO, 2002). Both tests were offered as a paper and pencil exam, and for 

each problem scrap paper was included. The students were granted 30 minutes to 

do the test. For each word problem correctly solved a score of 1 was awarded while 

in total the students could obtain a score of 20. The reliability of the pretest was 

high, as its Cronbach’s α was .86. The reliability of the posttest was .87.   

 

 

 

Table 2.2 

Overview of two items of the problem solving test 



The teacher of grade 4 allows their students free play time. 

The students can play for 25 minutes.  

Bram and Liv decide to play chess.  

They play from 9:48 till 10:36.  

How many minutes have they played too long? ___ minutes 



740 students were attending school at the beginning of this year. 

There were 31 teachers educating the students.  

During the year 15% of the students left school.  

However, during the same period 126 new students enrolled.  

How many students attended the school at the end of this year? ___ students 

 



In order to test the students’ skills in selfmonitoring, we used the 12 items 

from the measurement of analysing word problems. Before selecting the 

information from the problems, the students were shown all of the items and asked 

for each of them to predict whether they thought they could solve it. This prediction 

is called a ‘confidence rating’ (Schraw, 2009). All word problems were displayed in 

the right sequence onto a digital whiteboard while a human voice read them out 

(see Table 2.3).  

After each display of a problem, the students had to fill in their confidence 

rating within 10 seconds. They could choose ‘yes’ (I can solve the word problem 

correctly) or ‘no’ (I cannot solve the word problem correctly). Each time they were 

allowed to choose only one answer, after which they moved on towards the next 

word problem and so on. After that, the students were granted 20 minutes to select 

the information from the 12 problems. 
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Table 2.3 

Overview of two items of the test on selfmonitoring 



Jerry rides with his bicycle from the city of Leek to the city of Norg through the city of 

Roden.  

He travels the same distance back.  

In Roden he notices the following sign: 

 Leek 6,6 kilometres 

 Norg 9,4 kilometres 

His average speed is 25 kilometres per hour. 

How many metres does he travel in total? ____ meters 



Manon and Marit sell apple pie at a charity fair.  

They want to collect an amount of € 100. 

For each apple pie they receive € 6.50. 

In total, Manon sells 8 apple pies. 

Marit sells 3 more apple pies than Manon. 

How much money did they earn together? € ___ 

 

Next, they were asked to solve the 12 word problems. A score can be 

calculated by comparing a student’s confidence rating to his/her actual 

performance (correct answers) (Schraw, 2009). When a student has expressed to 

be confident that he/she can answer an item correctly but later on scores 

incorrectly, a score of 1 is given, while no confidence and a correct answer lead to a 

score of 1. A score of 0 is obtained when 1) a student has expressed confidence and 

has delivered a correct performance, and 2) when no confidence has been 

expressed and no correct answer is given.  

 

 

 

 

 

To calculate selfmonitoring skills the formula of the ‘bias index’ was used 

(Schraw, 2009):  
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ci = confidence rating   pi= performance score   n= number of problems 

 

The outcomes of this formula ranged from 1 to 1. When students obtained a score 

of 1 (very little selfmonitoring capacity and extreme underestimation of oneself), 

it was expected that they would not be able to solve problems correctly. In reality, 

however, these students solved all problems correctly. Next, a score of 1 (very little 

selfmonitoring capacity and extreme overestimation of oneself) seemed to indicate 

that the students were confident that they could solve all the problems correctly, 

whereas factually they solved all problems incorrectly. So, the closer the students’ 

score approached 0, the larger their selfmonitoring skill: here they knew exactly 

which problems they could solve or which ones not. 

 



Descriptive statistics were used to describe the data on the use of the 

computer programme and the usage of the hints. Here, we focused on the 

calculation of the means and standard deviations which clarified these elements.  

We used multivariate hierarchical linear models to analyze the students’ 

results based on the three outcome measures ‘analysing word problems’, ‘solving 

word problems’ and ‘selfmonitoring’. We applied the hierarchical linear models 

because they take the hierarchical structure of the data into account. We had two 

conditions which both included a number of teachers, while each of these teachers 

had a group of students. Multivariate analysis was applied because there was more 

than one outcome measure (Rasbash, Steele, Browne, & Goldstein, 2012). In 

analysing the word problems, ‘solving word problems’ and ‘selfmonitoring’ were 

used as dependent variables.  

In the analysis process we obtained covariances, which were used to 

calculate the correlations among the student outcome variables. The condition was 
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the predictor variable, and a separate coefficient was estimated for each of the 

dependent variables, resulting in different regression formulas for these variables. 

The models were estimated using IGLS (Iterative Generalised Least Squares) 

estimation methods from the MLwiN 2.27 software for multilevel modelling.  

 



 



To check the randomization process, the pretest scores were studied to 

test if the students of both conditions did not differ. Table 2.4 presents the 

descriptive data on the averages of the two research groups.  

 

Table 2.4 

Means and standard deviations of pretest scores of students 

 Analysing 

word problems 

 Solving word 

problems 

 Self

monitoring 

 (012)  (020)  (1 to 1) 

 M SD  M SD  M SD 

Experimental condition 5.48 2.58  5.14 4.23  0.37 0.21 

Control condition 4.39 2.74  4.50 4.36  0.42 0.18 

 

There seemed to be a difference between the two conditions in the Analysing word 

problems test (Table 2.5). Multivariate multilevel analysis confirmed that the 

conditions differed in favour of the experimental group (b = 1.12; t = 2.23; df = 386; 

p = .026). That is why we decided to take the scores of the pretest into account 

when analysing the posttest scores.  

For the other two measures no differences were observed between the conditions in 

the pretest, neither in the Solved word problems test (b = 0.67; t = 1.12; df = 386; 

p = .263) nor in the Selfmonitoring test (b = 0.04; t = 1.17; df = 386; p = .243). 

 

 

Table 2.5 

Outcomes of the multivariate hierarchical linear model for pretests  

 Analysing word 

problems 

 Solving word 

problems 

 Selfmonitoring 

Fixed part Coeff SE  Coeff SE  Coeff SE 

Constant 4.361 0.415  4.468 0.502  0.417 0.029 

Condition 1.121 0.503  0.673 0.601  0.042 0.036 
         

Random part VarComp SE  VarComp SE  VarComp SE 

Classroom 0.680 0.328  0.535 0.451  0.003 0.002 

Student 6.167 0.452  17.574 1.287  0.035 0.003 
         

Intraclass correlation 10%   3%   8%  

 





Logbooks from all teachers were received every week. These logs told us 

that the teachers followed the mathematics textbook and gave 5 mathematics 

lessons per week for almost 5 weeks. A lesson took approximately 50 minutes. The 

teachers organized their classes in such a way that the students could skip most of 

the word problems in the textbook and instead worked on the items in the 

computer programme. The students of the twelve classes finished almost all of the 

80 problems in the computer programme (M = 75.01, SD = 7.13).  

During their instruction on problem solving the teachers were provided 

with a questionnaire about the use of the episodes of Schoenfeld (1992) before and 

after the experiment. On average, the 12 teachers scored 28.67 (SD = 3.65) in the 

pretest and 29.50 (SD = 3.00) in the posttest. This result is an indication that 

they sometimes used the episodes of problems solving. However, the teachers 

hardly made any progress as regard this element. The small standard deviation 
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showed that the teachers hardly differed in their use of the episodes during their 

instruction. 

The logbooks returned by the teachers were basically used to acquire 

information about the students’ progress and performance in the computer 

programme and what the teachers did with this knowledge. Almost, all teachers 

indicated that they checked their students’ performance in the computer 

programme every week. Nevertheless, their use of the data for the purpose of giving 

feedback was limited. It was found that 5 teachers gave feedback in 12 lessons and 

8 teachers in 48 lessons, while only 5 teachers managed to provide pointers and 

advice in all lessons. From the logbooks it became clear that most teachers mainly 

looked which word problem level the students had reached after the first week, and 

that in general they were already satisfied when more than half of the students had 

raised or remained at their level. The teachers hardly made use of the possibility in 

the computer programme to look into detail at the students’ individual 

performance. As regards this matter they claimed that there was not enough time 

left to do these analyses in addition to their daily work.  

One may conclude that the teachers implemented the computer 

programme in their classes. They let their students process almost all problems and 

checked how well students finished the problems. Among classes there was little 

difference in number of word problems students finished. As regards the use of the 

problems by students and teachers’ check on students’ progress the programme 

was implemented as intended. However, the teachers did not use the log files in the 

programme to analyse student data and provide individual feedback to students. 

They did adapt the framework of episodes and hints from the programme to teach 

word problem solving in their mathematics lessons.   

 



In the control condition the teachers followed the mathematics textbook 

and used the training materials with the word problems sample. They mostly 

organized 5, sometimes 4 mathematics lessons which took 45 to 50 minutes each. 

In order to measure the use of the Schoenfeld model in their teaching, the teachers 

were given a questionnaire both before and after the experiment. On a scale from 0 

 

 

to 36 the six teachers scored on average 27.00 (SD = 2.00) in the pretest and 

26.50 (SD = 3.39) in the posttest. From the data we may conclude that during 

their mathematics lessons the teachers in the control condition only sparsely used 

the instruction on problem solving they had received and that over time their use of 

it hardly increased .  

 



As there is little difference among classes in the number of problems 

students finished, the details of use of the programme that we discuss here are 

reported at student level. In the experimental condition, the students participated 

on average in 9.52 (SD = .81) of the 10 weekly units. As regards solving word 

problems, 165 students started on level 1 in the first week, 113 students on level 2, 

and only 2 students on level 3. At the end of the experiment, 34 students solved 

problems on level 1, 44 on level 2, and 203 on level 3.  

Figure 2.2 shows the number of students who participated in the lessons on 

level 3. This figure also indicates the increase of students working on the most 

difficult level of the computer programme.   

 
Figure 2.2. Number of students participating in Level 3 of the computer 
programme throughout the experiment.  
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However, to judge properly if the programme was implemented well by the 

students, the level of difficulty was not the only matter of importance. It was also 

relevant to see whether the students could maintain their problem solving skills 

when they switched to higher levels. Of the 8 word problems which were offered in 

each lesson, the students solved on average 7.49 (SD = .71).  

Of these problems, on average 5.32 (SD = 1.09) were solved correctly and 

on average 2.17 (SD = .93) incorrectly, which are the means of the total of 10 units. 

But how was the proportion of problems solved correctly during the 10 weeks of the 

experiment? 



Figure 2.3. Proportion of correctly solved word problems of each lesson 
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problems, increased their ability in solving more complex ones and also solved a 

fair proportion of these more difficult items. But did they use the metacognitive 

episodes and hints in this process?  

On average, the hint ‘I read carefully’ was used in 20.90 (SD = 22.64) word 

problems. Furthermore, the students requested the hint ‘I know the type of sum’ on 

average 20.36 (SD = 22.11) and ‘I make a plan’, the third hint, on average 20.34 

(SD = 22.00) times. Correlational analysis demonstrated that the use of these three 

hints was strongly interrelated, with a correlations range between .94 and .97. This 

result shows that when choosing to use hints the students often employed all three 

of them. But were the hints used with the same frequency during the 10 units? 

Figure 2.4 displays the trend of the average number of word problems solved with 

the use of (one or more) hints. We can see that the hint usage declines over time.  

 
Figure 2.4. The average number of word problems done with hints for each lesson. 
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that when hints were used, the students solved between 50% and 70% of the word 
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when they could solve a problem on their own. And when the word problems 

became more complex, the students maintained their effective use of hints.  

 

 
Figure 2.5. Proportion of correctly solved problems with hints of each lesson. 
 

In sum, usage of the computer programme implies that over time more students 

reach the highest level of the computer programme, and that the usage of hints 

decreases. Despite the increase in difficulty level and the decrease of hints usage, 
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of 60% to 80%. For the problems solved correctly with the aid of hints, this amount 
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Table 2.6 

Means and standard deviations of posttest scores of students 

 Analysing 

word problems 

 Solving word 

problems 

 Self

monitoring 

 (012)  (020)  (1 to 1) 

 M SD  M SD  M SD 

Experimental condition 7.36 2.75  8.34 4.98  0.32 0.22 

Control condition 5.87 3.33  6.21 4.85  0.41 0.20 

 

It seems that on the posttest, there are differences between the conditions. 

Multivariate analysis confirmed this first impression (Table 2.7). Students of the 

experimental group outscored their counterparts of the control group. The 

following differences were found among the tests: Analysing word problems (b = 

0.91; t = 1.96; df = 386; p = .050), Solving word problems (b = 1.59; t = 4.06; df = 

386; p < .0001), and Selfmonitoring (b = 0.07; t = 2.96; df = 386; p < .001). All 

differences were in favour of the experimental condition. In the comparisons the 

initial differences in the pretest have been taken into account (see section: 

Comparability of conditions before the experiment). The multilevel analysis, 

showed that for students achievement in analysing word problems almost 10% of 

the variance is attributed to the classroom level, while for problem solving (2%) and 

selfmonitoring (0%) little to no of the variance is accounted for by the classroom 

level. The results indicate that there are small or no differences in problem solving 

and selfmonitoring among the classes of students, while classes are heterogeneous 

with regards to analysing word problems.    
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Table 2.7 

Outcomes of the multivariate hierarchical linear model for posttests  

 Analysing word 

problems 

 Solving word 

problems 

 Selfmonitoring 

Fixed part Coeff SE  Coeff SE  Coeff SE 

Constant 3.317 0.423  2.356 0.359  0.267 0.029 

Condition 0.911 0.464  1.586 0.392  0.074 0.025 

Pretests         

Analysing problems 0.570 0.042       

Solving problems    0.854 0.033    

Selfmonitoring       0.340 0.048 
         

Random part VarComp SE  VarComp SE  VarComp SE 

Classroom 0.579 0.276  0.196 0.190  0.000 0.001 

Student 5.073 0.372  8.070 0.591  0.039 0.003 
         

Intraclass correlation 10%   2%   0%  

 

From the model correlations were calculated on the student level. As 

expected, for all 390 students a positive correlation was found between analysing 

word problems and solving word problems (r = .32; p < .001). The data also show 

that weak selfmonitoring (overestimating one's ability to solve problems) 

correlates negatively with analysing word problems (r = .32; p < .001) and with 

solving word problems in the posttest (r = .14; p = .005). Although these 

relationships are not very strong, they show that students who do not overestimate 

their abilities tend to be better at analysing as well as solving word problems. As the 

improvement in selfmonitoring was larger in the experimental group, it can be 

concluded that the programme helped the students to become better selfobservers 

and problem solvers. But there is more evidence which shows that the programme 

helped the students.  

 

 

The partial correlation between the number of problems solved correctly in 

the computer programme and analysing the problems is r = .37 (p < .001). The 

partial correlation between the number of problems solved correctly in the 

programme and the scores on the posttest is somewhat higher (r = .40; p < .001). 

The results show that irrespective of students prior problem solving skills: the more 

effective they used the computer programme (the more problems they solved 

correctly) the higher their scores in the posttests for analysing and solving word 

problems.   

 



 

In this quasiexperimental study, teachers facilitated students in tackling word 

problems with the help of a computer programme and making use of hints in 

solving these items. The effect of working with the computer programme was 

compared to that of an approach based on working solely with mathematics 

textbooks without extra training in word problem solving.  

 



This research study was conducted because as yet not much evidence has 

been obtained of the effectiveness of problem solving aid programmes when 

organized and supervised by teachers instead of researchers (Dignath & Büttner, 

2008). Therefore, we first focussed on the implementation of the computer 

programme and only then on the effects it might have on students. During our 

project, the teachers were first taught how to use the metacognitive framework of 

the programme effectively, and to fit the programme into their weekly timetable in 

a practical manner. The teachers taught their students in a preflight training how 

to work with the programme and use the hints to support and systemize their tasks 

in the problem solving process.  

Analysis of the computer log files revealed that the students had sufficient 

weekly opportunities to work in the computer programme. The programme could 

be used for ten weeks. The results indicate that the students were indeed given this 

time to work with the system on a regular basis, while they completed almost all of 
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the word problems. Furthermore, the teachers were well capable of organizing their 

classes based on their timetables and combining the programme with their daily 

tuition approaches. The control group had no access to the computer programme. 

Here the teachers continued to use their own methods and proceeded as usual. We 

may conclude that teachers in the control group did not carry out the planning 

made during their pretraining to teach poor word problem solvers on a weekly 

basis.   

In the experimental group, the log file data displayed that the hint usage 

was higher in the first lessons compared to the final lessons. Overall, the hint usage 

in the computer programme was not as high as in the studies where students work 

under the supervision of researchers (e.g. Jacobse & Harskamp, 2009; Jacobse, 

2012). Further analysis of the log files, however, indicated that the decrease in the 

request for hints did not affect the total number of problems solved correctly in the 

programme. At the same time, an increase in the difficulty level of the word 

problems went hand in hand with a decrease in the hint usage during the 

programme. Possibly, the students had internalized the episodes as presented in 

the metacognitive framework and learned to take conscious steps in tasks, such as 

analysing the problem, looking for a fitting presentation and finding solutions 

based on their own knowledge of mathematics. This assumption is also supported 

by the finding that in the posttest the students in the experimental condition 

outscored their counterparts in the control group in selfmonitoring skills.  

In the posttest, the students of the experimental condition were better 

capable of analysing and solving the word problems than the students in the 

control group, while they also had better selfmonitoring skills. There is a 

relationship between the number of problems solved correctly with the aid of the 

programme and the difference in scores in the pretest and the posttest. This 

connection is yet another indication that the use of the programme explains at least 

part of the differences between the experimental and the control condition. 

However, the effect sizes as observed in this study are not as high as those found in 

a controlled experiment with the same computer programme as conducted by 

Jacobse and Harskamp (2009). From the teacher log files we may conclude that the 

teachers did not utilize the programme to a maximum. For example, they did not 

 

 

use the computer data to analyze which students could still improve their problem 

solving techniques. Furthermore, the teachers hardly gave any individual feedback, 

nor did they help the students to improve their hint usage. So, there is still room for 

higher levels of implementation of the programme and better student results. 

 



One shortcoming of this study is that we could not control for a possible 

difference in the content of the mathematics problems between the two groups 

during the research trajectory. As the schools were randomly assigned to one of the 

two research conditions, it may be assumed that both groups covered on average 

the same mathematics content as provided by their textbooks. The experimental 

condition, however, addressed the textbook to a lesser extent because it was 

particularly focussed on the word problems in the computer programme.   

Second, every week the teachers in the experimental group received 

feedback from the researcher about the progress of their students in the computer 

programme. This situation could have led to a more active role of these teachers 

during the lessons compared to that of the teachers in the control group, who did 

not receive feedback. This more active role may have contributed to a better use of 

the programme by the students. Had the teachers not received this datafeedback, 

the programme’s effect on student learning might have been smaller.  

The first recommendation concerns the effective use of the programme. 

This effectiveness could be increased if the teachers make better use the log files to 

see which students are still lagging behind and need extra guidance. The teachers 

may receive additional training in how to find these problem students, who can 

then be provided with individual feedback on the use of hints. Teachers should 

learn to detect the weaker students on the basis of the students’ progress data, and 

coach them accordingly, especially those who underperform.  

A second recommendation refers to the nature of the hints. We observed 

that the students used the hints only sparingly, even though there were problems 

which they could not solve independently. It appears that during problem solving 

students are not always effective hint users (also see Roll, Aleven, McLaren, & 

Koedinger, 2011). This finding may be related to the particular needs of the 
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students as regards the different kinds of hints. Do they need procedural help or 

assistance with the mathematical knowledge required for solving a problem? The 

hints used in our computer programme consisted of both cognitive (mathematics 

knowledge) and metacognitive information (specific episodes). It has remained 

unclear which type of hints is the most beneficial to the students in solving 

mathematical word problems. An experiment could be done where separate 

versions of the programme are compared, for example one version which only 

consists of cognitive information and another which only contains metacognitive 

hints. This comparison could lead to new insights into which part(s) of the hints 

structure synchronize well with the way in which students solve problems (Desoete, 

Roeyers, & De Clercq, 2003). 

A last recommendation is to integrate the computer programme into the 

way of working in the daily mathematics lessons. In this study these two elements 

were separated. Integrating the metacognitive support of the computer programme 

with working with mathematics textbooks may improve the students’ performance 

rates in solving the problems provided in these textbooks (Jacobse, 2012). This 

integrated approach requires training in a focus on the metacognitive part of 

problem solving. This objective, however, is not that easily achieved, neither 

through workshops, as was demonstrated by the teachers in the control condition. 

In general, teachers are more focussed on teaching the basic skills of mathematics 

than on problem solving (Inspectie van het Onderwijs [Dutch Inspectorate of 

Education], 2008). Therefore, more research is required to study the integrated use 

of a metacognitive framework for mathematical problem solving in the everyday 

routine of mathematics education.  

    

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  



2

52 53 

 

students as regards the different kinds of hints. Do they need procedural help or 

assistance with the mathematical knowledge required for solving a problem? The 

hints used in our computer programme consisted of both cognitive (mathematics 

knowledge) and metacognitive information (specific episodes). It has remained 

unclear which type of hints is the most beneficial to the students in solving 

mathematical word problems. An experiment could be done where separate 

versions of the programme are compared, for example one version which only 

consists of cognitive information and another which only contains metacognitive 

hints. This comparison could lead to new insights into which part(s) of the hints 

structure synchronize well with the way in which students solve problems (Desoete, 

Roeyers, & De Clercq, 2003). 

A last recommendation is to integrate the computer programme into the 

way of working in the daily mathematics lessons. In this study these two elements 

were separated. Integrating the metacognitive support of the computer programme 

with working with mathematics textbooks may improve the students’ performance 

rates in solving the problems provided in these textbooks (Jacobse, 2012). This 

integrated approach requires training in a focus on the metacognitive part of 

problem solving. This objective, however, is not that easily achieved, neither 

through workshops, as was demonstrated by the teachers in the control condition. 

In general, teachers are more focussed on teaching the basic skills of mathematics 

than on problem solving (Inspectie van het Onderwijs [Dutch Inspectorate of 

Education], 2008). Therefore, more research is required to study the integrated use 

of a metacognitive framework for mathematical problem solving in the everyday 

routine of mathematics education.  

    

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  



 

 

 

 



 

    











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is published as: 

De Kock, W. D. & Harskamp, E. G. (2016). Procedural versus contentrelated hints 

for word problem solving: an exploratory study. Journal of Computer Assisted 

Learning, 32, 481493. doi: 10.1111/jcal.12148 



 

 

 

 



 

    











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is published as: 

De Kock, W. D. & Harskamp, E. G. (2016). Procedural versus contentrelated hints 

for word problem solving: an exploratory study. Journal of Computer Assisted 

Learning, 32, 481493. doi: 10.1111/jcal.12148 



56 57 

 



 

Word problem solving plays an important role in mathematics education (Martin & 

Mullis, 2013; Timmermans, Van Lieshout, & Verhoeven, 2007; Verschaffel, Greer, 

& De Corte, 2007). Word problems are mathematical assignments embedded in a 

textual problem which has to be solved using mathematical knowledge and 

procedures (Foshay & Kirkley, 2003; Verschaffel, Greer, & De Corte, 2000). The 

complexity of word problems depends on the proportion of relevant and irrelevant 

textual and numerical information, the way in which it is presented, and the type of 

mathematical operations involved. These factors influence the degree of difficulty 

as experienced by students in providing a correct representation of the problem 

situation (Boonen, Van Wesel, Jolles, & Van der Schoot, 2014; Verschaffel et al., 

2000). In primary education, word problems are widely used in mathematical 

textbooks and (inter)national mathematics tests (Martin & Mullis, 2013; Van der 

Schoot, 2008). Many students have difficulty in solving word problems successfully 

(e.g., Schoenfeld, 2002; Swanson, Orosco, & Lussier, 2014).  

Based on research with successful problem solvers, Schoenfeld (1992) 

presented the following episodes in the problem solving process: reading the word 

problem (read), analysing what the problem is about (analyse), exploring the 

mathematical knowledge required to solve the problem (explore), planning how to 

use this mathematical knowledge (plan), implementing a solution plan 

(implement) and finally verifying the correctness of the answer (verify). With 

complex word problems, which require a combination of number operations, 

unsuccessful problem solvers spend most of their time on implementing a plan 

(which involves doing calculations based on the numbers and operators suggested 

in the text). What is first required however, is properly analysing and exploring the 

problem situation described (Dreyfus & Eisenberg, 1996; Goos, 2002; Schoenfeld, 

1992). Those who have difficulty in solving word problems often do not know how 

to use their reading skills and mathematical knowledge to analyse and explore the 

problem situation adequately. As a result, they do not succeed in formulating a 

correct solution plan (Cooper & Harries, 2005; Verschaffel et al., 1999).  
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To overcome the difficulties in word problem solving, computer 

programmes have been deployed which offer instructional support and feedback 

tailored to the needs of the individual student (Aleven & Koedinger, 2000; Li & Ma, 

2010). Examples of computer programmes based on the episodes of Schoenfeld 

(1992) can be found in various studies (e.g., Kramarski & Friedman, 2014; Teong, 

2003). In these studies, the episodes form a framework which students can use to 

solve the problem items systematically. In combination with the episodes, the 

computer programmes provide cues and hints to help the students in developing a 

structured approach. The aim of the episode read/analyse is to help students 

visualize the problem situation (Boonen et al., 2014; Swanson et al., 2014), while 

the episodes explore and plan are focussed on assistance in finding a solution that 

fits the problem situation (Fuchs et al., 2010; Hegarty & Kozhevnikov, 1999; Mayer, 

1992).  

Computer programmes based on Schoenfeld’s episodes vary in the type of 

hints they provide. Some programmes offer hints containing general, procedural 

advice about how to use the episodes. Here the aim is to teach the student how to 

develop a systematic approach. There are also hints which provide problemspecific 

help with each episode. These hints give precise directions on how to read, analyse 

and explore the item and how to plan its final solution. In this study, the first type 

of hints is called proceduralonly hints and the second type proceduralcontent 

hints.  





In explaining his discovery of the problemsolving episodes when studying 

novice and expert problem solvers at school, Schoenfeld (1992) concludes that the 

first group spends relatively little time on the first episodes (read/analyse, explore 

and plan). Novices read a problem only superficially and mainly focus on the 

obvious numbers and operators in the problem as the basis for their calculations 

(they implement the first plan that comes to their mind). While experts spend 

relatively much time on the first episodes, they also pay ample attention to the 

problem situation and then carefully construct a solution plan that fits the problem 

context. Schoenfeld argues that novice problem solvers often do not lack the 

 

 

mathematical knowledge to solve a problem, but that they do not have the ability to 

approach the problem situation systematically. They already fail at the first step: 

reading/analysing and exploring the problem. Schoenfeld taught students how to 

improve their problemsolving skills by asking them questions about their use of 

the episodes. This approach stimulates students’ metacognitive skills by making 

them think about their actions in solving the problem in a systematic way (Jacobse, 

2012; Schoenfeld, 2013). Several computer programmes offer procedural hints to 

teach students how to follow the episodes and think systematically during the word 

problem solving process. These procedural hints point students to the various 

strategies which they can use in the episodes (e.g., in the episode read/analyse: 

underline the key elements in the problem text or make a schema of the problem 

situation; Hill & Hannafin, 2001). A better knowledge of the use of the episodes 

and strategies is expected to improve students’ problemsolving abilities.  

Examples of two studies in which procedural support is offered to teach 

students the use of the episodes are Kramarski and Friedman (2014) and Teong 

(2003). Kramarski and Friedman (2014) used the IMPROVE approach, in which 

hints are offered containing procedural support aimed at fostering the students’ 

selfquestioning skills. IMPROVE is an acronymfor Introducing new concepts, 

Metacognitive questioning, Practising, Reviewing and reducing difficulties, 

Obtaining mastery, Verification, and Enrichment (Mevarech & Kramarski, 1997). It 

provides a step by step method. These steps have been inspired by Schoenfeld’s 

episodes and teaching approach. The hints contain questions which provoke 

students to use adequate strategies in each of the IMPROVE steps.  

Also Teong (2003) used the different episodes of the problem solving 

process as proposed by Schoenfeld (1992) in creating a systematic approach for 

students. Teong designed the CRIME method. The acronym stands for a problem 

solving framework consisting of the following stages: Careful reading, Recalling 

possible strategies, Implementing possible strategies, Monitoring, and Evaluation. 

The stages defined by this method include the availability of hints. These hints are 

aimed at teaching students to think critically throughout the problemsolving 

process about how to proceed, and ultimately how to solve the problem item 

correctly.  
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The results of both studies indicate that students who used the programme 

with procedural hints better improved their problemsolving skills than students 

who used the programme without hints. However, offering procedural hints is not 

always a guarantee for successfully teaching students how to solve word problems. 

Students may also need contentrelated help (e.g., if they fail to select the relevant 

numbers and operations to solve the problem) (e.g., Bulu & Pedersen, 2010; Lee, 

Lim, & Grabowski, 2010).   

 



Solving word problems not only involves procedural knowledge but also 

contentrelated knowledge. To analyse the situation in a word problem, students 

have to connect it to their own knowledge of the world. Furthermore, to find a 

fitting solution plan, they have to relate the problem’s numerical information to 

their mathematical knowledge (e.g. Jacobse & Harskamp, 2012). The cognitive 

activities involved here are contentspecific and different for each problem. If an 

item is complex or if the problem situation described differs from that presented in 

other word problems, contentrelated hints may be helpful. These hints aim to 

bridge the gap between what is known by the student and the knowledge required 

to solve the problem (Liu, Bera, Corliss, Svinicki, & Beth, 2004). Contentrelated 

(or domain) knowledge is an important factor in successful problem solving 

(Murphy & Alexander, 2002). According to Mayer (1992), contentrelated support 

can be effective in assisting students in both problem representation and problem 

solution. For example, a contentrelated hint which presents a schema containing 

numbers and key words has been considered to increase students’ understanding of 

the episode read/analyse. In a similar vein, a contentrelated hint which offers 

suggestions as to which number operations to execute, helps in carrying out the 

episodes explore and plan. One may conclude that in order to enhance students’ 

problemsolving skills to a higher level, a combination of procedural and content

related hints is advisable.  

Contentrelated hints provide domainspecific information on applying the 

episodes. The hints are often presented in schema that show how to read/ analyse, 

explore of plan in order to solve a word problem (Crippen & Earl, 2007).  

 

 

 Chang, Sung, and Lin (2006) observed students’ use of contentrelated 

hints in these episodes of problem solving. The students in their study were first 

taught to make a schematic representation of the problem (read/analyse). Then, 

additional support was given. The students could fill in the operands and 

operator(s) of a problem in a second schema while hints were provided on how to 

plan the solution to the problem (explore and plan). Finally, the students calculated 

the answer, which was checked by the computer programme (implement and 

verify). Afterwards, the students could review their solution by watching a 

demonstration of the problemsolving process. In this study, the students’ 

problemsolving skills improved considerably compared to those of a control group 

who worked with a similar programme without hints.  

In a research literature review, Powell (2011) acknowledged that teaching 

students how to use schematic diagrams can help improve their understanding of 

word problems. In the approach described in the review, students first had to 

analyse the problem’s key elements and then incorporate them into a schematic 

diagram. Powell (2011) concludes that if students can transform a word problem 

into a correct visual representation (diagram), they can generally also take a step 

further by constructing a solution plan and finding the correct answer (see also 

Boonen et al., 2014). Powel suggested that especially for students with learning 

difficulties it might be profitable to learn how to recognise types of problems as 

defined by their number operations (for instance: addition, subtraction, 

multiplication, division or combination problems). If students learn to draft the 

different word problem types and incorporate their key numbers and operators in a 

schema, they are already half way in formulating a correct solution plan. As one of 

the founders of this view, Jitendra et al. (2013) conducted considerable research on 

this topic. For instance, Jitendra et al. (2013) taught grade three students with 

mathematical difficulties to read and analyse addition and subtraction types of 

word problems and transform them into visual representations. They then 

compared the students who followed the experimental programme to those who 

worked with a programme without instruction in word problem types. They found 

that in two of the three tests, the experimental group improved its problemsolving 

skills more than the control group.  
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Jacobse (2012) and De Kock and Harskamp (2014) took a different view on 

the use of visual representations in word problem solving. They developed a 

computer programme based on Schoenfeld’s episodes, containing procedural hints 

in combination with contentrelated hints. The procedural part mostly included 

questions or suggestions about which strategy to use while the contentrelated 

element offered advice on how to apply the desirable strategy to the problem item. 

The contentrelated hints entailed visual representations. The episodes and hints 

were presented to the students in the following framework of statements: “I read 

carefully”, ‘I know which numbers and operations to use”, “I make a plan” and “I 

check my answer”. With each episode there was a hint which could be addressed. 

The procedural component included a suggestion or question. The contentrelated 

information consisted of a visual schema of the problem situation (further worked 

out in each of the episodes) and a brief textual explanation on how to read, analyse, 

explore or plan the problem situation depicted. Usage of hints was free for the 

students, and the studies’ results show that students used hints in 50 percent of the 

problems. The students working with the hints programme outperformed the 

students who did not use a programme or used the programme without hints.  

Another example of a combination of procedural and contentrelated hints 

in a computer programme is presented by Meijer and Riemersma (2002). When 

solving a problem, students were first given a procedural hint which instructed 

them on how to read and analyse the item, explore the strategies to formulate a 

plan and come up with a solution. If students were in need of more help they could 

consult a contentrelated hint which gave them suggestions plus a halffinished 

plan to solve the problem. The results show that only the high ability students 

made good use of the procedural and contentrelated hints and profited from 

working with the computer programme. The other students only used the hints 

sparingly and were more focussed on finishing the items in time than on solving 

them correctly. If hints can be used freely, it is often necessary to stimulate 

students in using them whenever they do not succeed on their own, as well as to 

provide them with feedback on their progress during problem solving (Aleven & 

Koedinger, 2000; Baker, Walonoski, Heffernan, Roll, Corbett, & Koedinger, 2008).   

 

 

Next to the distinction in type of hints, there are also differences in the 

ways in which wordproblem solving can be taught. One approach is direct 

instruction (e.g. Teong, 2003; Fuchs et al., 2009; Jitendra et al., 2013). Here, 

students are instructed to follow the different problem solving steps in a strict 

order. Teong (2003) successfully applied this instructional approach in training 

students how to use the episodes of Schoenfeld. Fuchs et al. (2009) and Jitendra et 

al. (2013) used direct instruction to train students to first read and analyse the key 

elements in a problem, and then to identify the type of problem. The students 

learned, for instance, to distinguish between addition and subtraction or division 

and multiplication. They were also taught how to draw visual representations of the 

different problem types, which served as the basis for the solution process. The 

direct instruction approach is particularly focussed on solving word problems using 

a stepbystep model. What the abovementioned studies have shown is that after 

direct instruction, students’ problem solving skills specifically improved for the 

types of problems trained. There is, however, little evidence of transfer to other 

types of problems (Mevarech & Kramarski, 2003; Renkl, 2011). 

Furthermore, according to Schoenfeld (1992) the direct instruction 

approach is not designed to be used in the process of problem solving. The episodes 

should not be used as a stepbystep model which is followed in a fixed order. 

Instead, students should be invoked to think about their use of the episodes. In a 

guided instruction approach, therefore, students learn to develop their own ways of 

solving word problems. Instruction is delivered by merely offering prompts and 

hints, and presented in a systematic framework of episodes. Students can use this 

framework as a guideline to estimate what they have accomplished so far. It is 

argued that the instruction should be particularly directed at the episode in which 

help is really needed. In this manner, students are stimulated to determine for 

themselves whether they need assistance or whether they can proceed on their own 

(Schoenfeld, 2002).  

Jacobse and Harskamp (2009), De Kock and Harskamp (2014) and Meijer 

and Riemersma (2002) used guided instruction to teach higher grades of primary 

education and lower grades of secondary education the use of Schoenfeld’s 

episodes in combination with proceduralcontent hints. The students were taught 
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how to use a framework of episodes combined with hints. It was discussed with the 

students when to address the hints as provided in the computer programme. In 

addition, feedback on successful hints usage was offered. In this way, the students 

learned how to work effectively with this method, which improved their problem

solving skills. The guided instruction approach clearly seems to be more suitable 

for the transfer of trained problemsolving skills to different problem types 

(Mevarech & Kramarski, 2003). In this study we chose the guided instruction 

approach. 

 



Although effective ways of enhancing students’ word problem solving 

proficiency have extensively been researched, it is still unclear which type of hints 

in computer programmes contributes to the effectiveness (Devolder, Van Braak, & 

Tondeur, 2012): procedural hints, posing procedural questions (Kramarski & 

Friedman, 2014) or a combination of procedural and contentrelated information 

containing visual schemes and explanations (De Kock & Harskamp, 2014). Both 

approaches seem promising in improving students’ problem solving abilities. The 

main research question of this study is therefore:  

‘Is there a difference in effect between the use of proceduralcontent hints 

versus the use of proceduralonly hints on students’ problemsolving skills during a 

word problem solving programme and afterwards in a posttest?’  

Both types of hints have shown to be effective in furthering students’ 

problemsolving skills. But, we expect proceduralcontentrelated hints to have 

more impact. As, apart from advice on which strategies to use in the episodes, this 

type of hint also provides problemspecific suggestions on how to apply the 

strategies.  

Hypothesis 1: Students in the proceduralcontent condition will complete 

more problems in the programme correctly than students in the proceduralonly 

condition. 

We further suggest that clearer directions during the programme about 

how to solve the problems and how the episodes contribute to the process enhance 

 

 

students’ understanding of in word problem solving and their skills (Jitendra et al., 

2015).   

Hypothesis 2: Students in the proceduralcontent condition will perform 

better in a word problem solving posttest than their counterparts in the 

proceduralonly condition. 

 



 

To answer the research question, a quasiexperimental research design was used 

based on two conditions. In each condition the students were asked to work with a 

different version of a computer programme. One group of students used a 

programme containing hints with procedural and contentrelated information and 

the other group worked with a programme containing hints with only procedural 

information. In both conditions the students were free to either seek help or not. 

This free choice is an important characteristic of guided instruction (De Jong, 

2005). Given the nonobligatory nature of the hints usage in both versions of the 

programme, the results particularly depended on the way in which the students 

used the hints. 

The programme offered 40 word problems divided equally over five 

lessons. In each problem item, the students had access to hints. Prior to the 

intervention, they received a preflight training in Schoenfeld’s episodes and in the 

use of the hints. Examples were given of cases where students could not proceed 

without help, and it was explained how the hints could support the solution 

process. Hereafter, all students participated in a paper and pencil pretest in which 

20 word problems had to be solved in 30 minutes. After the pretest, the students 

in each class were randomly assigned to one of the two conditions. The experiment 

included 5 lessons of 30 minutes in which eight word problems were offered. 

During the experiment, the students worked individually on the computers outside 

the classroom under supervision of the researcher. They were escorted in small 

groups to and from the experimental setting (a room or quiet corner) in the 

schools. After the five lessons, the posttest was administered in which all students 

participated.  
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The participants in this study were students from four sixth grade classes 

in the Netherlands, in total 105 students of whom 54 were assigned to the 

proceduralcontent condition and 51 to the proceduralonly condition. The average 

ages of the groups were 11.62 years (SD = .51) for the proceduralcontent condition 

and 11.57 years (SD = .49) for the proceduralonly condition. In both groups the 

students had the same age, while the proceduralcontent group comprised 28 girls 

and 26 boys and the proceduralonly group 27 girls and 24 boys.  

 





Both before and after the experiment, all students had to take a problem 

solving test. The pretest included 20 items (see Table 3.1). The posttest contained 

the same 20 items with slight adaptations; for example, the setting of the problem 

situation was changed whereas the numbers and operations involved stayed the 

same. The items were similar to those in the Dutch standardised tests for primary 

school grade 6 (CITO, 2002). CITO is the Dutch institute for educational testing 

and assessment and the acronym stands for Central Institute for Test Development. 

For each item solved correctly a score of 1 was awarded. In total the students could 

obtain 20 points for the pretest and 20 for the posttest. The reliability scores of 

the pre and the posttest as indicated by Cronbach’s α were both .88. Moreover, 

the tests correlated highly (r = .83, p < .001), which indicates that they both 

measured a common characteristic: “skill in wordproblem solving”.  

 

 

 

 

 

  

 

 

Table 3.1 

Overview of two items of the problem solving posttest 



Teacher Marit wants to make her classroom nicer. 

For this reason, she sets out to buy new indoor plants.  

The plants are € 2,50 a piece at the garden centre.  

At the cash register the teacher gets a € 6,00 discount  

After the discount, she pays € 21,50. 

How many plants has she bought? ___ plants 



During the summer holidays the Fransen family goes to France. 

Mrs Fransen drives 1/3 of the distance. 

Mr Fransen drives the remaining 320 km.  

How many kilometres was the total distance? ___ kilometres 

 



An adapted version of a webbased computer programme (De Kock & 

Harskamp, 2014) was used. The computer programme contained two levels, both 

with 40 word problems for each level. In each level the word problems were 

presented to the students in five lessons (eight problems each lesson). The level of 

the eight items in each lesson went from easy to difficult. The difficulty level 

depended on the amount of irrelevant numerical and textual information included, 

and the type and number of mathematics operations involved. In each lesson the 

students started with easy items and finished with the more difficult ones. In this 

way, they could try to solve as many problems as possible. The need for hints was 

expected to grow as the problem items became more difficult.  

The items included fractions, percentages, the metric system, money, and 

decimals, requiring addition, subtraction, multiplication, division or a combination 

of these number operations.  
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The students could log into the computer programme with their username 

and password. After a successful login, they could start with the first item. The 

duration of each lesson was precisely 20 minutes, which was indicated by a timer. 

It started to count down as soon as the first item was started.  

 

 
Figure 3.1. Interface of the computer programme in both conditions 

 

At the left of the computer interface in figure 3.1, the word problem is displayed 

which had to be solved by the students. In the middle of the screen, the framework 

of episodes and hints is presented. Each hint could be requested once during each 

word problem. When a solution was found, the student could press the key ‘I check 

my answer’, after which the answer could be typed in (screen below at the right). 

This was followed by feedback, depending on the correctness of the answer. The 

feedback was presented as a popup. In total, students had two attempts to answer 

a word problem item. After a correct answer or two incorrect answers the solutions 

provided could be compared to a model answer. This answer was presented in the 

same screen as where the hints were displayed. 

 Two versions had been developed for the programme. In both of them, the 

word problems and the computer programme interface were similar (see Figure 

3.1), except for the information provided by the hints (see Figures 3.2 and 3.3). In 

both conditions, hints were offered to support the problem solving episodes 

(Schoenfeld, 1992). ‘Read and analyse’ was supported by the hint ‘I read carefully’. 

In the proceduralcontent condition, however, this hint consisted of a visual 

scheme to clarify the problem situation, while procedural support was given in the 

 

 

form of a question (e.g. Formulate in your own words what the question is you have 

to answer, or: Which numbers and words do you need to understand the 

problem?). Next, if it was not clear to the student which mathematical knowledge 

had to be used to solve the problem, the hint ‘I know the type of sum’ could be 

addressed. This hint refers to the explore episode. In the proceduralcontent 

condition, the hint consisted of a scheme depicting the mathematical relationships 

in the problem situation. The procedural suggestion was to make a sketch of the 

situation and note down the number operations required to solve the problem. 

Finally, there was the hint ‘I make a plan’. Here the students in the procedural

content condition were provided with a halffinished plan (a table with steps 

showing how to calculate the solution). In the procedural condition, a procedural 

hint was offered in the form of a question: Which numbers have to be used, and 

how do you go about solving the problem? 

Hints usage was not compulsory, while the students were stimulated to think 

critically about which hints they really needed to facilitate a successful problem 

solving process.  

 

 
Figure 3.2. Hints provided in the episodes of problem solving in the procedural
content condition.  
 
 

 
Figure 3.3. Hints provided in the episodes of problem solving in the procedural

only condition.  
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 The experiment started with a problem solving pretest. After randomly 

assigning the students to the two conditions (procedural and proceduralcontent), 

they were granted 30 minutes to complete this paper and pencil examination.  

The whole intervention entailed 5 lessons during which the students 

worked with the computer programmes. Under supervision of the researcher, the 

students were divided into small groups outside the classroom. For all students a 

computer was reserved so that they could work individually. In each lesson 8 word 

problems were offered. The students were asked to complete as many problems as 

they could in 20 minutes. Before each lesson, 5 minutes were scheduled for the 

necessary organisational aspects of the intervention. Before the first lesson, a pre

flight training was given of 40 minutes. During this training, the use of hints was 

practised and the students were asked to predict whether or not they would need 

them. After that, the students were trained in the systematic use of the hints. After 

the training, the students worked with the programme during 3 weeks. All students 

participated in the problemsolving posttest. By comparing the results of both tests 

the effect of the training could be determined.   

 



From the log files, descriptive statistics were gathered about student usage 

of the computer programme. Means and standard deviations were calculated to 

clarify how many word problems were finished by students, the result of the 

finished word problems, and if they used help in solving these problems. Small 

differences of the pretest problem solving were taken into account when 

comparing the students’ success in hints use and their posttest results between the 

two conditions. Analysis of covariance was used to test the differences between the 

two conditions in: number of problems solved correctly in the programme and the 

scores in the post test word problem solving. The pretest word problem solving 

was used as covariate. The level of significance was p < .05. 

 

 

 

 







Within class, the students were randomly assigned to the two conditions. 

As a check for randomisation, a word problem solving pretest was administered at 

the beginning of the experiment (see Table 3.2).  

 

Table 3.2 

Students’ pretest scores: means and standard deviations  

 Solving word 

problems 

 (020) 

 M SD 

Proceduralcontent condition 9.61 5.15 

Proceduralonly condition 10.49 5.73 

 

Table 3.2 presents the mean scores of the students in both conditions. It 

seems that the students in the proceduralonly condition performed slightly better 

in the pretest, although an independent ttest indicated that the differences 

between the two groups were not significant (t(103) = .685, p = .410, d = .16). We 

were going to take this outcome into account, however, when comparing the 

students’ success in hints use and their posttest results between the two 

conditions. 

 



The intervention consisted of five lessons, in which all students were able 

to participate, except one pupil in the proceduralcontent condition who missed 2 

sessions. The average time spent in each lesson on working in the computer 

programme was 14.48 (SD = 1.98) minutes in the proceduralcontent condition and 

14.02 (SD = 2.11) minutes in the proceduralonly condition. Table 3.3 shows an 

overview of the use of the computer programme for both conditions.  
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Table 3.3 

Number of word problems finished and solved: means and standard deviations 

 Word 

problems 

finished 

 Correctly 

solved word 

problems 

 Correctly 

solved word 

problems 

 (040)  (040)  (040)* 

Condition M SD  M SD  M SD 

Proceduralcontent  38.22 3.27  27.72 7.71  28.18 5.31 

Proceduralonly  38.52 3.94  25.82 8.58  25.33 5.31 

* = corrected for the scores of the problem solving pretest 

 

 Table 3.3 demonstrates that the mean number of word problems finished 

was almost equal for both conditions. These means are close to the maximum 

number (40) of word problems offered. The students tried to solve almost all of the 

problems but did not always succeed. In both conditions they finished on average 

around 38 of the 40 problems in the programme. But was there a difference 

between the two conditions in terms of solving the problems correctly? On average, 

the proceduralcontent group seemed to solve more problem items correctly than 

the proceduralonly group. An ANCOVA with ‘pretest’ as covariate, ‘condition’ as 

independent variable, and ‘number of items solved correctly’ as dependent variable 

pointed out that the proceduralcontent group had managed to solve more 

problems correctly than the proceduralonly group (F(1,102) = 7.521, p = .007).  

 



While working on the problems, the students could request hints from the 

programme, which were provided in the following problemsolving episodes: 

read/analyse (I read carefully), explore (I know the type of sum), and plan (I make 

a plan). The hint information differed between the two conditions. This difference 

is indicated in figure 3.3. But was there also a difference in hints use between the 

two groups? In the proceduralcontent condition, the hint ‘I read carefully’ was 

requested in on average 8.94 of the problems (SD = 9.68). It was consulted in on 

 

 

average 7.25 of the items (SD = 9.81) in the proceduralonly condition. The second 

hint, ‘I know the type of sum’, was requested on average 8.59 (SD = 9.58) times in 

the proceduralcontent condition and 6.71 (SD = 9.61) times in the proceduralonly 

condition. Finally, the third hint, ‘I make a plan’, was used by the procedural

content group 8.43 (SD = 9.57) times and by the proceduralonly group 6.88 (SD = 

9.61) times. There was no significant difference between the two conditions in 

average number of times the different hints were used. Moreover, the use of the 

three hints was strongly interrelated, with correlations ranging between r =.91 and 

r =.99 in both conditions. The results show that the students in both conditions 

frequently employed all three hints when they decided to use help.  

As the students in the proceduralcontent condition did finish more 

problems correctly, it would be interesting to establish if this achievement was 

related to their use of hints. Table 3.4 shows how successfully the hints were used 

by the students in both conditions.  

 

Table 3.4  

Mean number of items with use of hints and problem solved 

 Number of 

problems with 

use of hints 

 Correctly 

solved with 

hints 

 Correctly 

solved with 

hints 

 (040)  (040)  (040)* 

Condition M SD  M SD  M SD 

Proceduralcontent  10.43 9.61  6.24 6.60  6.19 6.36 

Proceduralonly  8.06 10.24  4.04 6.08  4.09 7.01 

* = corrected for the scores of the pretest problem solving 

 

Table 3.4 indicates that in the proceduralonly condition, the students used hints 

with on average 8.06 of the problems and in the proceduralcontent condition with 

10.43 of the problems. The difference is not significant. In order to find out if 

students in the proceduralcontent condition were more successful in solving the 

problems with the help of hints, an ANCOVA was performed with the ‘problem
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Mean number of items with use of hints and problem solved 

 Number of 

problems with 

use of hints 

 Correctly 

solved with 

hints 

 Correctly 

solved with 

hints 

 (040)  (040)  (040)* 

Condition M SD  M SD  M SD 

Proceduralcontent  10.43 9.61  6.24 6.60  6.19 6.36 

Proceduralonly  8.06 10.24  4.04 6.08  4.09 7.01 

* = corrected for the scores of the pretest problem solving 

 

Table 3.4 indicates that in the proceduralonly condition, the students used hints 

with on average 8.06 of the problems and in the proceduralcontent condition with 

10.43 of the problems. The difference is not significant. In order to find out if 

students in the proceduralcontent condition were more successful in solving the 

problems with the help of hints, an ANCOVA was performed with the ‘problem
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solving pretest’ as covariate, ‘condition’ as independent variable and ‘number of 

word problems solved correctly using hints’ as dependent variable. The analysis 

revealed no significant interaction effect for ‘condition’ and ‘pretest’ on the 

number of problems solved with the aid of hints (F(1,101) = .208, p = .650)). 

However, contrary to our expectations, there was no main effect of ‘condition’ 

(F(1,102) = 2.840, p = .095), although an implicit tendency towards a positive 

effect of the usage of hints in the proceduralcontent condition may have been 

established (effect size d = 0.32). The students in both conditions used hints just as 

frequently, but the proceduralcontent group tended to be more successful in their 

hints use.   

 

       

 

 It was expected that the proceduralcontentgroup would perform better in 

the posttest than the proceduralonly students (see Table 3.5).  

 

Table 3.5 

Students’ posttest scores: means and standard deviations 

 Solving word 

problems 

 Solving word 

problems 

(020)  (020)* 

M SD  M SD 

Proceduralcontent condition 13.57 4.92  13.92 2.81 

Proceduralonly condition 12.80 5.41  12.44 2.82 

* = corrected for the problemsolving pretest scores 

In sum, the mean score of the proceduralcontent group seems higher than 

that of the proceduralonly group. In the analysis of the posttest results, the small 

difference between the two conditions in the pretest was taken into account. We 

conducted an ANCOVA with ‘pretest scores’ as covariate, ‘condition’ as 

 

 

independent variable and ‘posttest scores’ as dependent variable. Table 3.5 

includes the corrected means of the posttest scores for both conditions.  

 The ANCOVA reveals a significant main effect for the proceduralcontent 

condition (F(1,102) = 7.135; p = .009). The effect is of an intermediate size (d = 

.53). There is no interaction effect of ‘pretest’ and ‘condition’ on the posttest 

results (F(1,101) = .029; p = .865). The results indicate that the proceduralcontent 

condition led to a higher transfer of the problemsolving skills than the procedural

only condition.  

 



 

In this explorative study the effect of working with the computer programme with 

proceduralcontent hints was compared to a computer programme with only 

procedural hints. 

 



For improving students’ skills in solving mathematical word problems, 

experts have advised the use of the episodes read/analyse, explore, plan, 

implement, and verify as proposed by Schoenfeld (1992). One form of support in 

this approach is the provision of hints in each of these episodes. The hints can be 

provided by a computer programme which also offers individual help and feedback. 

There are two types of hints. The first includes procedural advice on how to proceed 

from one episode to another. The second type contains both procedural 

information and contentrelated directions on how to proceed in order to solve the 

specific problem item successfully (proceduralcontent hints.).   

Different studies have been conducted to examine the effectiveness of each 

type of hints during the problemsolving process. The results show that both types 

may improve students’ skills in solving mathematical word problems (Ritter, 

Anderson, Koedinger, & Corbett, 2007; RittleJohnson & Koedinger, 2005). 

However, there is as yet only little research answering the question which type 

(proceduralonly or procedural content hints) is more beneficial for students. And 

also little is known about how hints influence students’ behaviour during problem 
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solving. This study has been aimed at investigating whether there is any difference 

in effect between proceduralcontent hints and proceduralonly hints in students’ 

problem solving achievements. To this end, two versions of a computer programme 

were designed containing five lessons of eight problems each. In one version 

procedural hints were provided and in the other proceduralcontent hints. It was 

observed that the students of both conditions used hints in approximately 25% of 

the word problems. This percentage could be expected, since also easy items were 

included. If the items are all complex, a hints use of about 50% of the problems can 

be expected. Students may not always address hints when they need them (Aleven 

& Koedinger, 2000; Baker, Corbett, & Koedinger, 2004). In our study, the hints use 

may not have been optimal because it is usually perceived as decreasing the speed 

of the problemsolving process. The students may have only addressed them when 

they had no idea how to go about solving the problem. In our study, if hints were 

addressed they were mostly used in all three episodes. Other studies also show that 

students do not always use hints as frequently as they should, but once they decide 

to do so, they use all of them (Baker et al., 2008).  

We studied students’ success with hints and observed a trend in favour of 

the proceduralcontent condition. Here the students solved more problems 

correctly after the use of hints than the students in the proceduralonly condition. 

These results were in line with our expectations: proceduralcontent hints provide 

more specific information on how to solve a problem item than procedural hints. 

Proceduralcontent hints offer visual schemas of the problem situation during the 

read/analyse episode while they clarify the problem’s mathematical relationships in 

the explore episode. For the plan episode they provide a halfcompleted solution 

plan which the student has to finish. The proceduralonly hints, on the other hand, 

merely provide general suggestions and directions as regards the use of episodes, 

but offer no contentrelated help specifically tailored to the problem item at hand. 

Both conditions however, provide feedback on the correctness of the answers.   

Owing to the specific nature of the hint information, the procedural

content condition may be considered as more effective in helping students improve 

their problemsolving skills. Nevertheless, in the computer programme students 

with the proceduralcontent hints were hardly more successful than the students in 

 

 

the procedural only hints (effect size d = 0.32). Perhaps, the amount of practice 

with the hints (five lessons of eight problems with an average of 25% of hints use) 

was too small to show the extra effect of proceduralcontent hints. However, the 

students in the proceduralcontent group seemed to have learned more about 

problem solving. As expected, they managed to solve more word problems correctly 

in the posttest.  

 



A limitation of this study is that we found a positive effect, but that we have 

not been able to uncover the precise factors leading to the improvement of the 

students’ problemsolving skills after usage of the proceduralcontent hints. In this 

research, we could establish that more items in the programme were correctly 

solved by the proceduralcontent group and this group also had better results in the 

posttest. But, we could not find clear evidence that the proceduralcontent group 

also used the hints in the programme more successfully than the proceduralonly 

group. In order for our research to be given a more solid empirical basis, we argue 

that it has to be replicated in other studies and with a more extensive programme 

(Makel & Plucker, 2014). The research should show how the use of procedural

content hints can lead to more correctly solved problems in the programme than 

the use of proceduralonly hints. Next, the relationship between solving problems 

in the programme and solving problems in a transfer test can be investigated.    

One topic for further research is the added value of the different types of 

hints for students with different levels of prior knowledge. In this study, we found 

no indication for such an interactioneffect, but it may still be found with the aid of 

the thinkaloud approach. Perhaps, for instance, proceduralcontent hints are 

particularly profitable for low ability problem solvers. Moreover, more information 

could be gathered by asking students to make visualisations of the problem 

situations, without and with the use of contentrelated hints. In this way, it could 

be determined how the hints are beneficial for students’ abilities in the 

construction of schema, which is believed to be a crucial part of the problem

solving process (e.g. Powell, 2011).   
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 With respect to hints use improvement, another interesting topic of 

research is the reason why students decide to address hints. Gaining more insight 

into students’ motivations for addressing hints could be obtained by adopting the 

thinkaloud method. For example, after reading a word problem, students can be 

asked to indicate if they believe they can solve it on their own or if they need help. If 

they think they need help, the students can be asked which kind of help they would 

prefer: concrete suggestions, procedural help, examples of other students with a 

similar problem, etc. Knowledge of why students would choose help would be 

valuable for further improving the hintsbased computer programmes, so that 

students could be supported even better in enhancing their skills in solving 

mathematical word problems.   
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This study evaluates the effect of collaborative word problem solving with hints 

versus individual word problem solving with hints. Within class, 66 grade 5 

students were divided randomly into two groups. Each group had either a 

collaboration version of a computer programme or an individual version. During 

the study, which entailed nine lessons of 20 minutes each, the students of the 

collaboration version solved the problems in dyads. They had hints to solve the 

problems that helped them to fulfill the role of reader or planner. In each role a 

student needed to convince the other student in order to answer his/ her part of the 

task. At the end of each problem both students received a common score. The 

results indicate that the two groups of students used the computer programme 

differently. Students who had the collaboration version took more time to finish 

problems and finished less problems than their counterparts in the individual 

condition. But, students in the collaboration condition used hints relatively more 

often and of the problems they started they solved more correctly than the students 

in the individual condition. Ultimately, the problem solving skills of students of 

both versions improved. There was no difference in a posttest problem solving 

between the students of the two versions of the programme. The results indicate 

that primary school students need more than a short pretraining to learn how to 

communicate their thoughts efficiently. However, we observed that in the course of 

the programme the students in the collaborative condition became more efficient in 

communicating and solved relatively more problems. Recommendations for further 

research, based on the findings, are presented in the final section.  

 

 

 

 

 

 



 

Political leadership in many western countries is currently expressing the need for 

schools to increase the emphasis on training their students in skills such as 

problem solving, creative thinking, communication, collaboration and self

regulation. These are often referred to as the skills of the 21st century (Pellegrino & 

Hilton, 2012). In primary mathematics education students are given the 

opportunity to learn about problem solving. They are offered word problems in 

which they need to apply their mathematics knowledge in everyday problem 

situations. Word problem are structured problems: there is always one correct 

answer, but the ways to solve a problem can be divers. These problems are 

especially suitable to teach students how to solve problems in a systematic way. 

Later on students can learn to apply their problem solving skills on more open 

problems that ask for creative thinking (OECD, 2014). Word problems are an 

important part of the mathematics curriculum in primary education (Mullis, 

Martin, Foy, & Arora, 2012).   

Many students have difficulty with word problems, especially when the 

items are about problem situations that require several number operations to solve. 

While some students have especially difficulty with understanding problem 

situations, others find it hard to determine which mathematics knowledge fits the 

problem context (Mayer & Hegarty, 1996). Possessing the relevant prior knowledge 

of mathematics is therefore not always a guarantee for successfully solving a word 

problem (Sfard, Nesher, Streefland, Cobb, & Mason, 1998; Koedinger & Nathan, 

2004).  

In this study we suggest to improve word problem solving by having 

students solve problems collaboratively. In this way students can help each other to 

become more skilled problem solvers. However, in practice, collaborative learning 

does not always lead to exchanges of ideas and discussions on how to solve 

problems between students. Extra support is needed to structure the collaboration 

process and help students express their thoughts and communicate them to other 

students (HmeloSilver, Chinn, Chan, & O’Donnell, 2013). Support to express 

thoughts about problem solving can be offered in a supportive framework of 
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problem solving episodes (Schoenfeld, 1992). The framework can learn students to 

systematically analyse the problem situation (episodes: read the problem and 

analyse the problem situation) and seek a solution for a problem (episodes: explore 

the mathematical relations in the problem and make a solution plan). Several 

researchers applied these episodes in a computer programme for individual 

students in primary school to help them improve their word problem solving skills 

(De Kock & Harskamp, 2014; Jacobse & Harskamp, 2009; Teong, 2003). The 

research was quite successful. But, students do not always use hints if they need 

them. One way to make students use episodes of problem solving more often may 

be to incorporate the episodes with hints for students in a computer programme 

designed for collaborative learning. If students are given roles to play and the roles 

imply that students use episodes as guide for their interactions, than, students 

cognitive elaborations on problems will increase and they may learn more about 

problem solving. In this study students were given roles as reader or as planner. 

They could use hints for the episodes read and analyse or the episodes explore and 

plan to fulfill these roles. In this way role playing would support the use of episodes 

and interactions would become cognitive elaborations (Olsen, Aleven, & Rummel, 

2015).  

More than individual learning can collaboration with cognitive elaborations 

assist students in improving their skills in problem solving (Johnson & Johnson, 

2009; Stahl, 2004; Vogel, Kollar, Wecker, & Fischer, 2014). In this study we want 

to find out if computer supported collaborative learning with hints to structure 

students´ interactions is more effective in improving students problem solving 

skills than computer supported individual learning with hints.   

 

 

In mathematics education computersupported collaborative learning 

(CSCL) has become a promising instrument. Students not only learn to solve word 

problems as a personal skill but are also encouraged to communicate with each 

other and gain insight into one another’s thought processes (Hurme & Järvelä, 

2005; Olsen, Belenky, Aleven, & Rummel, 2014; Rummel, Mullins, & Spada, 2012; 

Stahl, 2009). Computer supported interaction has its merits over face to face 

 

 

interaction: students tend to spend less time off task, the interactions are more 

symmetric and the participants take part more equally than in face to face 

interactions (Jansen, 2014; Tutty & Klein, 2008; Zurita & Nussbaum, 2004). 

However, especially in primary education, little is known about the effectiveness of 

collaborative problem solving as compared to individual problem solving (Kyndt, 

Raes, Lismont, Timmers, Cascallar, & Dochy, 2013). The effectiveness of 

collaboration depends much on the frequency and quality of task related 

interaction (cognitive elaborations) among the students (Zurita, Nussbaum, & 

Salinas, 2005).  

For primary school students collaboration does not happen spontaneously. 

They tend to work individually and are not used to cognitive elaborations in small 

groups without the guidance of their teacher (Johnson & Johnson, 1999). Students 

need to learn how to express their thoughts and communicate their ideas through 

the internet (Bollen, Gijlers, & Van Joolingen, 2012). In order for students to use 

collaborative learning environments effectively, certain conditions have to be met. 

Research on collaborative problem solving with the aid of computers has drawn 

conclusions about the conditions for effective collaboration, such as common goals 

and individual responsibility, nature of the common tasks, group size, group 

composition, the structure of communication, interdependence between the 

students and the need for pretraining of students (HmeloSilver, Chinn, Chan, & 

O’Donnell, 2013; Szewkis et al., 2011). These conditions may also apply to 

computer supported collaboration of primary school students. 

Common goals. In effective collaboration a group needs common goals and 

individual accountability just as well (Slavin, 1996). This is necessary for face to 

face collaboration as well as for computer supported collaboration. The common 

goal (e.g. solving a complex word problem together), will enhance students efforts 

to gain rewards (e.g. a high score) as a group. The rewards will motivate students to 

discuss their ideas and solutions before they come up with their answers. But, in 

the collaboration process each individual needs to be accountable for a contribution 

to the successful accomplished of the common task. For instance by fulfilling a role 

in the task accomplishment (Salomon & Globerson, 1989; Johnson & Johnson, 

2009; Kirschner, Paas, & Kirschner, 2009). 
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to gain rewards (e.g. a high score) as a group. The rewards will motivate students to 

discuss their ideas and solutions before they come up with their answers. But, in 

the collaboration process each individual needs to be accountable for a contribution 
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Nature of the tasks. In collaboration, tasks can be more or less structured. 

Structure depends on whether the information to do the task is already present or 

has to be found by the student, if there is a variety of ways to accomplish the task or 

only one way and whether the final solution has a fixed outcome or not (Jonassen, 

2010). Word problems usually provide all the information necessary to solve them, 

they leave several ways open to solve the problem, but there is only one correct 

final answer. We may classify word problems as ‘structured problems’. When 

students have little experience in collaboration, structured problems are to be 

preferred as they give more information on the tasks and the solution is less 

complex to organize and students need less scaffolding (Demetriadis, 

Papadopoulos, Stamelos, Fischer, 2008; Simons & Klein, 2007).   

 Group size. Task related interaction (e.g discussion of how to analyse a 

problem and find a solution plan) is often more intensive in small groups than in 

larger groups. Small groups often consist of two to five members (Johnson & 

Johnson, 2009; Kollar, Ufer, Reichersdorfer, Vogel, Fischer, & Reiss, 2014; Zurita, 

Nussbaum, & Salinas, 2005).  

Group composition. If the groups have to work on structured tasks (like 

word problem solving) then homogeneous ability groups tend to have more task 

related interactions than heterogeneous groups tend to be effective (Clark & Mayer, 

2011). In small and homogenous groups there usually is more onetoone 

interaction and participants can express their thoughts on a welldefined topic. 

Because they have more or less the same level of knowledge they can share their 

ideas more easily (Jansen, 2014; Arends, 2004; Barron, 2000; Clark & Brennan, 

1991; Rau & Heyl, 1990). Moreover, for analysis purposes, working with 

homogeneous dyads diminishes possible data noise compared to dyads where some 

students collaborate with partners who have the same level of problem solving 

skills while other students collaborate with partner who have higher or lower level 

of skills. It would later be difficult to partial this effect out (Kollar et al., 2014 ; 

Webb, Nemer, & Zuniga, 2002).  

The structure of communication and interdependence between students. 

The interaction between students in a small group can be structured by scripted 

roles that show students how to communicate about the task (Strijbos, Martens, 

 

 

Jochems, & Broers, 2007; Olsen, Aleven, & Rummel, 2015). Based on their 

findings, Erkens, Kanselaar, Prangsma and Jaspers (2003), Gutwin and Greenberg 

(2004), PenaShaff and Nicholls (2004), and Van der Meijden and Veenman 

(2005) have argued that structuring students’ dialogues leads to more frequent and 

higherlevel taskrelated interaction and to more reflection on problemsolving 

tasks. Scripted roles can foster collaboration because the scripts make clear to 

students which part they will play in carrying out the common task and which role 

their partner(s) will play and how they will do the task together (Kollar, Fischer, & 

Hesse, 2006; Pfister, 2005; Strijbos, Martens, Jochems, & Broers, 2004; 

Weinberger, Fischer, & Mandl, 2001; HmeloSilver, Chinn, Chan, & O’Donnell, 

2013, Janssen, Erkens, & Kirschner, 2011). For example, in collaborative word 

problem solving scripted roles could make one student carry out the task of reader 

of a problem who explains the problem situation to his partner and the other 

student as planner who discusses a solution plan that fits the problem situation. 

Hints on the episodes of problem solving (Schoenfeld, 1992) can be used to script 

the roles in collaborative word problem solving. Harskamp and Ding (2006) report 

on a study a science programme. Students actually used the hints about Schoenfeld 

episodes to communicate with each other. The students in the collaborative 

condition were compared with students who worked individually, using the same 

hints. The students in the individual condition made less use of the hints. However, 

the results of the posttest showed no differences in the two groups’ problem 

solving skills. The researchers suggested that for the collaborative condition the 

hints might not have given sufficient suggestions on how to elaborate upon the 

information of the hints with a partner (see also: Palinscar & Herrenkohl, 2002). 

Scripting students’ roles that tells a student how to communicate information to a 

partner is expected to promote more frequent and higherlevel contentrelated 

interactions as well as a better reflection on the problemsolving tasks (Van der 

Meijden & Veenman, 2005). If a students in a role initiates the conversation, the 

other student functions as a partner who has to use the information to finish the 

task and he/she will ask for further elaboration if necessary (Rummel, Mullins, & 

Spada, 2012; Stahl, 2000). Apart from the common goal to finish a task together, 

the roles also promote students’ dependence on each other. The roles make 



4

86 87 

 

Nature of the tasks. In collaboration, tasks can be more or less structured. 

Structure depends on whether the information to do the task is already present or 

has to be found by the student, if there is a variety of ways to accomplish the task or 

only one way and whether the final solution has a fixed outcome or not (Jonassen, 

2010). Word problems usually provide all the information necessary to solve them, 

they leave several ways open to solve the problem, but there is only one correct 

final answer. We may classify word problems as ‘structured problems’. When 

students have little experience in collaboration, structured problems are to be 

preferred as they give more information on the tasks and the solution is less 

complex to organize and students need less scaffolding (Demetriadis, 

Papadopoulos, Stamelos, Fischer, 2008; Simons & Klein, 2007).   

 Group size. Task related interaction (e.g discussion of how to analyse a 

problem and find a solution plan) is often more intensive in small groups than in 

larger groups. Small groups often consist of two to five members (Johnson & 

Johnson, 2009; Kollar, Ufer, Reichersdorfer, Vogel, Fischer, & Reiss, 2014; Zurita, 

Nussbaum, & Salinas, 2005).  

Group composition. If the groups have to work on structured tasks (like 

word problem solving) then homogeneous ability groups tend to have more task 

related interactions than heterogeneous groups tend to be effective (Clark & Mayer, 

2011). In small and homogenous groups there usually is more onetoone 

interaction and participants can express their thoughts on a welldefined topic. 

Because they have more or less the same level of knowledge they can share their 

ideas more easily (Jansen, 2014; Arends, 2004; Barron, 2000; Clark & Brennan, 

1991; Rau & Heyl, 1990). Moreover, for analysis purposes, working with 

homogeneous dyads diminishes possible data noise compared to dyads where some 

students collaborate with partners who have the same level of problem solving 

skills while other students collaborate with partner who have higher or lower level 

of skills. It would later be difficult to partial this effect out (Kollar et al., 2014 ; 

Webb, Nemer, & Zuniga, 2002).  

The structure of communication and interdependence between students. 

The interaction between students in a small group can be structured by scripted 

roles that show students how to communicate about the task (Strijbos, Martens, 

 

 

Jochems, & Broers, 2007; Olsen, Aleven, & Rummel, 2015). Based on their 

findings, Erkens, Kanselaar, Prangsma and Jaspers (2003), Gutwin and Greenberg 

(2004), PenaShaff and Nicholls (2004), and Van der Meijden and Veenman 

(2005) have argued that structuring students’ dialogues leads to more frequent and 

higherlevel taskrelated interaction and to more reflection on problemsolving 

tasks. Scripted roles can foster collaboration because the scripts make clear to 

students which part they will play in carrying out the common task and which role 

their partner(s) will play and how they will do the task together (Kollar, Fischer, & 

Hesse, 2006; Pfister, 2005; Strijbos, Martens, Jochems, & Broers, 2004; 

Weinberger, Fischer, & Mandl, 2001; HmeloSilver, Chinn, Chan, & O’Donnell, 

2013, Janssen, Erkens, & Kirschner, 2011). For example, in collaborative word 

problem solving scripted roles could make one student carry out the task of reader 

of a problem who explains the problem situation to his partner and the other 

student as planner who discusses a solution plan that fits the problem situation. 

Hints on the episodes of problem solving (Schoenfeld, 1992) can be used to script 

the roles in collaborative word problem solving. Harskamp and Ding (2006) report 

on a study a science programme. Students actually used the hints about Schoenfeld 

episodes to communicate with each other. The students in the collaborative 

condition were compared with students who worked individually, using the same 

hints. The students in the individual condition made less use of the hints. However, 

the results of the posttest showed no differences in the two groups’ problem 

solving skills. The researchers suggested that for the collaborative condition the 

hints might not have given sufficient suggestions on how to elaborate upon the 

information of the hints with a partner (see also: Palinscar & Herrenkohl, 2002). 

Scripting students’ roles that tells a student how to communicate information to a 

partner is expected to promote more frequent and higherlevel contentrelated 

interactions as well as a better reflection on the problemsolving tasks (Van der 

Meijden & Veenman, 2005). If a students in a role initiates the conversation, the 

other student functions as a partner who has to use the information to finish the 

task and he/she will ask for further elaboration if necessary (Rummel, Mullins, & 

Spada, 2012; Stahl, 2000). Apart from the common goal to finish a task together, 

the roles also promote students’ dependence on each other. The roles make 



88 89 

 

students dependent for cognitive support if one student is given hints to read and 

analyse the problem and the other to plan the solution. Scripted roles make 

students dependent on each other about the way to solve the problem, but roles 

also stimulate that students to motivate each other to finish the task (Johnson & 

Johnson, 2009; Szewkis et al., 2011)  

The need for pretraining. But, even in CSCL environments with scripted 

roles, students can spend more time on the procedural aspects in order to organise 

and maintain the collaboration than on task related aspects: the discussion of the 

problem at hand (Baines, Blatchford, & Kutnick, 2003; Avouris, Dimitracopoulou 

& Komis, 2002; Lu, Lajoie, & Wiseman, 2010; Strijbos et al., 2004). Especially in 

primary education, primary school students need ample training in communicating 

with each other via the internet, and working with the specific learning tools 

involved in collaborative learning (e.g. Bollen, Gijlers, & Van Joolingen, 2012). 

When roles are defined with hints students need pretraining in how the hints can 

be used to enact their role (e.g. the role of reader of planner). One way to do this is 

to train students in a) putting their thoughts about the problem in a very brief 

statement, b) adding the information of the hint to the statement c) learn to quickly 

type text messages d) answering suggestions or questions e.g. by using information 

from the hints (Ding, 2009).   

 



In this study, we explored primary school students’ collaborative word 

problem solving in an online programme with hints for episodes of problem 

solving. One group of students was asked to solve the problem items in pairs while 

the other group worked individually. We wanted to compare the use of hints in 

both groups, the time it took to accomplish the items in the programme, and the 

students’ success in solving them.  

 



In previous research on improving students’ word problems skills (De Kock 

& Harskamp, 2014; Jacobse & Harskamp, 2009; Teong, 2003), it has been shown 

that the use of computer programmes with hints for the episodes of problem 

 

 

solving (Schoenfeld, 1992) can enhance students’ problem solving skills. Previous 

research has also pointed out the problem of hints’ use but did not shed much light 

on how it can be improved (Strijbos et al., 2007). We expect that if hints are 

embedded in roles of students during collaboration than hints’ use will improve 

and the problem solving skills of students as well (see previous section).  

 

We formulated three research questions and hypotheses: 

Question 1. Does collaborative learning lead to more hints usage during the 

programme and result in a higher proportion of problem items solved correctly 

than individual learning? 

In this study the students worked in dyads to solve the word problems. In dyads, 

the process of communicating is less complex than in larger groups. For example, 

turn taking during conversations is less problematic (Clark & Brennan, 1991), while 

the use of scripted roles reduces coordination problems during the students’ 

collaboration and increases the contentrelatedness of their interactions (Strijbos et 

al., 2004).Two distinct roles were taken from the framework of problem solving: 

reading the problem and planning the solution. To fulfill these roles students could 

choose contentrelated hints showing them how to read or plan the problem item. 

The hints were meant to promote contentrelated interaction between the students. 

In the individual condition students had the same problems and hints but could not 

interact with a partner. Baines, Blatchford and Kutnick (2003) showed that the 

process of communication takes more time than working individually. Therefore, 

the students in the collaborative setting generally solved fewer word problems, but 

used help more frequently than the students in the individual condition (Fischer & 

Mandl, 2002; Slavin & Lake, 2008; Weinberger, Fischer, & Mandl, 2001).  

Hypothesis 1: We expect the process of problem solving to be more time

consuming in the collaboration condition than in the individual condition. 

Students in the collaboration condition will complete fewer word problems, but 

will make use of hints more frequently than students in the individual condition.  

 

Question 2. Is collaborative learning with the use of hints more successful as a 

problemsolving approach than individual learning with the use of hints?  
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Slavin and Karweit (1985), and Webb (2008) indicated that the use of cues and 

hints in small collaborative groups led to a larger proportion of mathematics 

problems solved correctly than the use of cues and hints in an individual setting. 

Students in the collaborative groups used cues and hints more often and 

deliberated longer on the solution of the problems. This approach made their 

solution process more successful. Students in the individual condition only used 

cues and hints if they thought they could not solve a problem on their own. So they 

made less use of them and tried to solve the problems at a higher pace. Their goal 

seemed to finish as many problems as possible in the time available.  

Hypothesis 2: Students in the collaborative condition who make use of hints will 

solve more problems correctly than students who make use of hints in the 

individual condition.  

 

Question 3. Will collaborative learning with hints to use lead to more 

improvement in problemsolving skills than individual learning with hints? 

In the collaboration condition the students were alternately assigned the roles of 

reader and planner. These roles coincided with the episodes of problem solving as 

proposed by Schoenfeld (1992). The hints helped the students to fill in the roles. In 

this way, the hints structured the students’ communication that could result in 

more indepth discussions about how to solve a problem item (e.g. Van der Meijden 

& Veenman, 2005; Webb, 2008). In the individual condition, the students could 

use the hints without the role play. In this condition the students had no partner to 

share their thoughts and discuss the solution to a problem. That is why we expected 

the students of the individual condition to gain less insight into the problem solving 

process. In the collaboration condition, however, this understanding was expected 

to improve more (Webb, 2008). On the other hand, in the individual condition, the 

students would be able to finish more items and have more practice than in the 

collaborative condition (hypothesis 1). We did, however, not expect a large 

difference in the number of problems finished between the two conditions. 

Hypothesis 3: After working with the computer programme, the posttest word 

problem solving results of the students in the collaborative condition will be better 

than those of the students in the individual condition. 

 

 







Our study had a randomised group design with a pretest and a posttest. 

The aim of the research was to examine whether primary school students who 

worked collaboratively with the aid of hints were more successful in solving 

mathematics problems than their peers who worked individually with the aid of 

hints. Within class students were matched on the basis of their pretest scores and 

then assigned boys and girls randomly to one of the conditions.  

The study was conducted in four middlesized elementary schools in the 

Netherlands. According to the individual school reports of the Dutch inspectorate 

of education, the level of the mathematics education was sufficient in all four 

schools. All schools made use of mathematics textbooks. During mathematics 

classes students received instruction as a group and after that went to work 

individually on their assigned tasks. From time to time students were allowed to 

help each other completing tasks. But, students were not used to collaborate on 

common tasks and elaborate on the solution of problems together. The students 

generally had an average social income background, and all had the Dutch 

nationality. In total, 66 students of six grade five classes participated in our study. 

They were nine to ten years of age and none of the students had a math learning 

disability (see paragraph Comparability of the groups). Of the sample, 42 students 

were female and 24 students male. In total, 34 students in the collaboration 

condition worked in dyads, and 32 students worked individually. There were eight 

dyads of only girls, eight dyads consisted of one boy and one girl, and there was 1 

dyad of only boys.   

 



In this study two versions of a computer programme for word problem 

solving (De Kock & Harskamp, 2014) were used: one for the collaboration 

condition and one for the individual condition. Both versions were webbased, and 

logfiles of student data were saved on a webserver. In the lessons, the individual 

students and the pairs worked on their own difficulty levels. There were two levels: 
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both with 54 novel word problems for each level. The first level had one step 

problems and two step problems and did not require complicated calculations. The 

second level had problems requiring two or more to solve and had more complex 

mathematical operations. In each level, some relative easy word problems were 

included to increase students’ confidence in word problem solving. In order to 

solve the items, the students had to apply their knowledge of fractions, decimals, 

percentages, and the metric system in combination with addition, subtraction, 

multiplication, division or a mix of these operations. The programme was used in 

nine lessons. In each lesson the students were given 20 minutes to solve six word 

problems. While solving word problems students were able to use hints in 

supporting their problem solving if they were in need of help while encountering 

difficulties in one or more episodes.  

 



Research on collaborative problem solving with the aid of computers has 

drawn conclusions about the conditions for effective collaboration. In the theory 

section we discussed conditions: common goals and individual responsibility, 

nature of the common tasks, group size, group composition, the structure of 

communication, interdependence between the students and the need for pre

training of students (HmeloSilver, Chinn, Chan, & O’Donnell, 2013; Szewkis et al., 

2011). We will now show how these conditions were met in our computer 

supported collaboration version of the programme. 

 

Common goals and individual responsibility. The students worked in 

dyads who collaborated with each other on six word problems during the lessons. 

They had a shared responsibility to solve the problems. We choose to work with 

dyads because the interaction between students is often higher in small groups of 

students and it is easier for them to understand what their individual 

responsibilities are in solving the common tasks. Both students were assigned a 

specific role and the roles were reversed after students finished a word problem. 

One student (with the role as reader) had to select the correct keywords 

representing the situation in the word problem, and the other student (with the 

 

 

role as planner) had to execute the solution plan to find an answer. Students had to 

communicate with each other and agree upon their answer about the problem 

situation and the final solution; otherwise no answer could be given.  

Nature of the common tasks. Students had to solve six word problems in 

each session. The problems were well defined and had one solution but there were 

different ways to solve them. The roles supported two main aspects in of problem 

solving: a) reading and analysing the problem situation, and b) exploring the 

correct mathematical knowledge and making and executing a correct solution plan. 

There were hints with each role and they helped the students to structure their way 

of solving the problems.  

Group size. In this study, small groups of two persons, dyads, were used. 

The advantage of dyads is that the interaction can be intensive and the organization 

of the communication is less complex than in larger groups.   

 Group composition. As we had structured problems, students with more or 

less homogenous solving skills were assigned to the dyads. Task related interaction 

would be more two sided in homogeneous groups as students with equal knowledge 

level tend to share ideas and solutions more easily.    

The structure of communication, and interdependence between the 

students. While solving the word problems, students were able to request hints, 

which were organized with the episodes of Schoenfeld (1992), that could help 

students’ structure their role during collaboration. The role of reader was 

structured with hints for reading and analysing a problem and the role of planner 

was structured with hints for exploring and planning the solution. Roles structured 

by scripts (the hints) would stimulate cognitive elaboration between students. 

Collaboration was mediated by a textbased chat module in the computer 

programme to make ontask participation visible between the peers. Both students 

of a dyad had to share the information of the hints. For each problem students had 

to agree on an answer about the problem situation (for the role of the reader) and 

on an answer about the final solution (for the role of the planner). This would 

safeguard the positive interdependence between the students. 
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The need for pretraining of students. Since collaboration is not 

guaranteed when students are put together we trained students in how to play a 

role and collaborate with their peers. Students received training in how to put their 

thoughts in text and use the hints to detail their ideas. But they would also be 

trained in typing text messages as they were not used to do it.    

Figure 4.1 presents the interface of the collaboration programme for both students 

in a dyad. On the left side, the word problem is displayed. It consists of a title, an 

illustrative picture and the problem text with a question. Below the item, an extra 

question about the analysis of the problem is shown. The extra question entails 

three sets of key words that the students could choose from. The reader had to take 

the initiative and suggest an answer to his partner. If the reader had difficulty 

choosing an answer, he could choose hints. In the middle of the interface the 

reader will find a window with the hints. The reader can choose only hints for two 

episodes: ‘I read carefully’ and ‘I know the type of sum’. The hints are indicated 

with the letter R. The hint “I read carefully’ helps the reader to visualize the 

problem situation. The reader can also use the hint ‘I know the type of sum’ if he 

does not know which mathematical operations fitted the problem situation. 

Information in this hint is built on the previous hint about the representation of the 

problem. The visual representation is added with number and word clues about the 

mathematical relationships in the problem situation. The reader can use these 

hints to give his/her peer information about the correct analysis of the word 

problem. The reader can use a sketch pad to clarify his explanation to his partner. 

It is at the right side of the interface of the programme. Both students have to agree 

upon the answer about the problem situation before it is accepted by the 

programme. 

 

 

 

 
Figure 4.1. Computer programme interface for the collaboration condition. 

After this, the student with the role of planner, has to play his part. The student has 

to take the lead in filling in the correct answer to the solution of the problem. If the 

planner does not know how to do this, he can use hints for the episodes: ‘I make a 

plan’ and ‘I check my answer’. The letter P was displayed with these episodes. In 

the hint ‘I make a plan’ part of a mathematical procedure is presented which the 

planner can finish and use to solve the problem. The student also uses the chat 

module and the sketchpad to communicate with his partner. The hint ‘I check my 

answer’ makes it possible for students to verify if their answers are correct. 

Depending on the answers the students received a message: ‘Your answers are 

incorrect’ or ‘Your answers are correct’.  

In formulating the correct answer the students are allowed two trials. After two 

incorrect or one correct answer, the hint ‘What did I learn?’ becomes available to 

both students. This hint includes a model answer of how the problem can be solved.  









4

94 95 

 

The need for pretraining of students. Since collaboration is not 

guaranteed when students are put together we trained students in how to play a 

role and collaborate with their peers. Students received training in how to put their 

thoughts in text and use the hints to detail their ideas. But they would also be 

trained in typing text messages as they were not used to do it.    

Figure 4.1 presents the interface of the collaboration programme for both students 

in a dyad. On the left side, the word problem is displayed. It consists of a title, an 

illustrative picture and the problem text with a question. Below the item, an extra 

question about the analysis of the problem is shown. The extra question entails 

three sets of key words that the students could choose from. The reader had to take 

the initiative and suggest an answer to his partner. If the reader had difficulty 

choosing an answer, he could choose hints. In the middle of the interface the 

reader will find a window with the hints. The reader can choose only hints for two 

episodes: ‘I read carefully’ and ‘I know the type of sum’. The hints are indicated 

with the letter R. The hint “I read carefully’ helps the reader to visualize the 

problem situation. The reader can also use the hint ‘I know the type of sum’ if he 

does not know which mathematical operations fitted the problem situation. 

Information in this hint is built on the previous hint about the representation of the 

problem. The visual representation is added with number and word clues about the 

mathematical relationships in the problem situation. The reader can use these 

hints to give his/her peer information about the correct analysis of the word 

problem. The reader can use a sketch pad to clarify his explanation to his partner. 

It is at the right side of the interface of the programme. Both students have to agree 

upon the answer about the problem situation before it is accepted by the 

programme. 

 

 

 

 
Figure 4.1. Computer programme interface for the collaboration condition. 

After this, the student with the role of planner, has to play his part. The student has 

to take the lead in filling in the correct answer to the solution of the problem. If the 

planner does not know how to do this, he can use hints for the episodes: ‘I make a 

plan’ and ‘I check my answer’. The letter P was displayed with these episodes. In 

the hint ‘I make a plan’ part of a mathematical procedure is presented which the 

planner can finish and use to solve the problem. The student also uses the chat 

module and the sketchpad to communicate with his partner. The hint ‘I check my 

answer’ makes it possible for students to verify if their answers are correct. 

Depending on the answers the students received a message: ‘Your answers are 

incorrect’ or ‘Your answers are correct’.  

In formulating the correct answer the students are allowed two trials. After two 

incorrect or one correct answer, the hint ‘What did I learn?’ becomes available to 

both students. This hint includes a model answer of how the problem can be solved.  









96 97 

 



In this group, the students worked individually with the computer 

programme (De Kock & Harskamp, 2014). The word problems and hints were the 

same as those in the collaboration version. Figure 4.2 displays the interface of the 

individual version. Students in this condition were in control of all available hints, 

and were allowed to use them at any time during their problem solving process. 

They were expected to use the hints if had difficulty to proceed on their own. 

Difficulties of students could be concerned with all episodes of with just one or two. 

Students who needed help, but didn’t know where they faced difficulties were 

encouraged to use all available hints in a systematic way, namely the sequence ‘I 

read carefully’, ‘I know the type of sum’, and ‘I make a plan’. The hint ‘I read 

carefully’ was meant to increase students’ understanding of the problem situation. 

The hint ‘I know the type of sum’ aided students in understanding of mathematical 

relationships in the problem situation. Finally, the hint ‘I make a plan’ could be 

used if students needed help in translating a problem situation with mathematical 

relations into a mathematical model The hints were about the episodes of problem 

solving of Schoenfeld (1992). If students knew how to proceed on their own without 

help, it was encouraged to solve the problems on their own without the hints. 

Students who faced difficulties, but did know with which episode they had trouble 

could address the concerning hint that matched their need. For example, a student 

who knew the problem situation and the mathematical relationship and struggled 

to continue could obtain the hints ‘I make a plan’. In each word problem, each hint 

was available once. In lessons with 8 problems to practice the time was limited to 

20 minutes. Within this timeframe students could work at their own pace. They did 

not have the possibility to work with a chat or sketch module.  

 

 

Figure 4.2. Computer programme interface with a word problem and hints in the 
individual condition. 
 

When working on a problem, the students could use the first four hints. 

After two trials or a correct answer they were offered the last hint ‘What did I 

learn’, just as in the collaborative version of the programme. The hint provided the 

model answer to the item.   

 



Prior to the experiment, all students participated in two preflight training 

sessions which prepared them for participating in the individual condition as well 

as in the collaboration condition. In the first session the episodes of Schoenfeld 

(1992) were introduced, and it was explained how the different hints could support 

each of the episodes. Furthermore, it was explained how hints could be used while 

solving word problems. Next, the students practised with the use of hints on paper 

cards while working on the items. In the second session, all students were 

introduced to the roles of reader and planner. The roles were linked to the 

different hints. Practicing the roles and the use of hints on paper cards was done in 

dyads. During this exercise it was observed how the communication between the 

roles developed after usage of the hints. In the training session, the students were 

assigned to each other on the basis of their scores on a Dutch standardised 

mathematics test that the schools could provide (CITO, 2002). After that all 

students were shown how to work with the computer programme and the hints 



4

96 97 

 



In this group, the students worked individually with the computer 

programme (De Kock & Harskamp, 2014). The word problems and hints were the 

same as those in the collaboration version. Figure 4.2 displays the interface of the 

individual version. Students in this condition were in control of all available hints, 

and were allowed to use them at any time during their problem solving process. 

They were expected to use the hints if had difficulty to proceed on their own. 

Difficulties of students could be concerned with all episodes of with just one or two. 

Students who needed help, but didn’t know where they faced difficulties were 

encouraged to use all available hints in a systematic way, namely the sequence ‘I 

read carefully’, ‘I know the type of sum’, and ‘I make a plan’. The hint ‘I read 

carefully’ was meant to increase students’ understanding of the problem situation. 

The hint ‘I know the type of sum’ aided students in understanding of mathematical 

relationships in the problem situation. Finally, the hint ‘I make a plan’ could be 

used if students needed help in translating a problem situation with mathematical 

relations into a mathematical model The hints were about the episodes of problem 

solving of Schoenfeld (1992). If students knew how to proceed on their own without 

help, it was encouraged to solve the problems on their own without the hints. 

Students who faced difficulties, but did know with which episode they had trouble 

could address the concerning hint that matched their need. For example, a student 

who knew the problem situation and the mathematical relationship and struggled 

to continue could obtain the hints ‘I make a plan’. In each word problem, each hint 

was available once. In lessons with 8 problems to practice the time was limited to 

20 minutes. Within this timeframe students could work at their own pace. They did 

not have the possibility to work with a chat or sketch module.  

 

 

Figure 4.2. Computer programme interface with a word problem and hints in the 
individual condition. 
 

When working on a problem, the students could use the first four hints. 

After two trials or a correct answer they were offered the last hint ‘What did I 

learn’, just as in the collaborative version of the programme. The hint provided the 

model answer to the item.   

 



Prior to the experiment, all students participated in two preflight training 

sessions which prepared them for participating in the individual condition as well 

as in the collaboration condition. In the first session the episodes of Schoenfeld 

(1992) were introduced, and it was explained how the different hints could support 

each of the episodes. Furthermore, it was explained how hints could be used while 

solving word problems. Next, the students practised with the use of hints on paper 

cards while working on the items. In the second session, all students were 

introduced to the roles of reader and planner. The roles were linked to the 

different hints. Practicing the roles and the use of hints on paper cards was done in 

dyads. During this exercise it was observed how the communication between the 

roles developed after usage of the hints. In the training session, the students were 

assigned to each other on the basis of their scores on a Dutch standardised 

mathematics test that the schools could provide (CITO, 2002). After that all 

students were shown how to work with the computer programme and the hints 



98 99 

 

with the two roles. They also practiced with the chat module to communicate with 

each other. During the second session, the students practiced until most of them 

were able to communicate efficiently with each other. Apart from assessing how the 

students were doing in executing the technical part of communication in the 

computer programme, it was also observed how they interacted with each other in 

solving the items. On both issues the students were given feedback.   

After the training, the students completed a pretest. Within class they 

were matched on the basis of the pretest and randomly assigned to the two 

research conditions. After the experiment, all students from both conditions 

completed a posttest. In the five weeks of the experiment they had to work with 

the computer programme during nine lessons of 20 minutes outside the classroom. 

During this time, a teacher assistant was present and supervised each session. In 

the individual condition, students worked individually on the tasks in a computer 

room with ample space between them. The students were not allowed to 

communicate with each other. In the collaboration condition only computer

mediated communication was allowed. Students who worked together were seated 

in seperate computer rooms. In the rooms they were not allowed to contact other 

students.  

 





To examine the students’ problem solving skills, a pretest and posttest 

word problem solving test were designed with 20 novel word problems in each test. 

The items of the posttest were similar to the items of the pretest. These items 

were more complex than those in the Dutch standardised tests used in elementary 

schools (CITO, 2002). Both the pretest and the posttest were paper and pencil 

exams, both including scrap paper for the calculations. The students were given 30 

minutes to complete the test. Each correctly solved item was granted a score of 1, 

with a maximum score of 20. The reliability of the pretest and the posttest was 

high, with a Cronbach’s α of .84. and .85, respectively. 

 

 

 

         



Log files were saved during the experiment in the computer programme of 

each lesson of the students’ performance in solving the six word problems. Based 

on these files, it was calculated for each student how many items had been solved 

correctly and incorrectly and which hints had been used. In the collaboration 

condition, two hints were assigned to the role of reader and to the role of planner. 

Each student had a maximum of two opportunities to request the reading hints or 

two opportunities to request the planning hints. In the individual condition, the 

students could request the hints about reading two times, which also applied to the 

hints about planning. To compare the usage of hints between both conditions, one 

point was rewarded each time a hint was consulted for reading or planning (a score 

from 0 to 1).  

To evaluate collaboration between students we examined the interactions 

of the dyads. Our aim was to retrieve whether students could actually a) 

communicate smoothly with each other and with elaboration on the task, b) use the 

hints to support their problem solving process and communication and c) solve the 

problems correctly in the computer programme. Although, we trained students 

how to collaborate, we were more interested in intermediate outcome measures 

(e.g. number of finished word problem, number of problems in which students 

communicated with elaborations, number of problems where hints were used and 

correctness of solutions) than in how the processes of interaction and collaboration 

developed over time. For this reason we did not go into the nature and frequency of 

the interaction patterns in the dyads. Also, due to a limited number of dyads, we 

didn’t go into the processes of collaboration of dyads with different gender 

composition.  

All interactions between the students were recorded per problem item in 

the log files. The messages that were sent via the chat module were scored as: 0) ‘no 

interaction’ or ‘not contentrelated’, 1) ‘contentrelated’, and 2) ‘elaboration’. 

Messages that had nothing to do with the word problems were scored as ‘not 

contentrelated’. Examples are: sending greetings, talking of daily events after 

school or (im)polite remarks. Messages with no readable content or with no reply 
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were labeled as ‘no interaction’. When the students communicated about the 

content of the tasks but did not go into the how or why of their solution, the 

message was still scored as ‘contentrelated’. For example a message from a reader 

such as “the answer is b” or the reaction from the planner “I think you are right”. 

‘Elaboration’ referred to explanations about the how and why of a solution, for 

example information regarding how a solution was established, questions of the 

other student, or explanations of a solution. In the assignment of the messages to 

the three abovementioned categories, an interobserver reliability score was 

calculated. During the first lesson a score of Kappa = .71 (p < .001) was calculated 

between the two observers, which was a sufficient measure of agreement.  

 



 



To ensure that there were no differences in problem solving skills between 

the two conditions before the experiment started, the scores of the pretest were 

assessed. There were no outliers in both conditions: the minimum and maximum 

scores in the individual condition were 0 and 17 respectively. In the collaboration 

condition these scores were 1 and 18 respectively. Furthermore, The percentage of 

girls (70,6% in the collaboration and 56,3% in the individual condition) and boys 

(29,4% in the collaboration and 43,7% in the individual condition) was similar in 

both conditions and there was no significant difference: χ2 (1) = 1.465, p = .307. 

Table 1 shows the mean results of the students in the two groups (individual 

condition and collaboration condition).  

Based on the means and standard deviations as indicated in table 4.1, there were no 

differences between the two groups as regards their problem solving skills. This 

was expected, as students were randomly assigned to the two conditions. An 

independent ttest confirmed this finding (t(64) = 0.07, p = .94, d = .019). The two 

groups were comparable in terms of their levels of problem solving. But, we will 

still take the small difference in the pretest into account when comparing the effect 

of the two conditions.  

 

 

Table 4.1  

Means and standard deviation of the students’ pretest problem solving scores 

 Solving word 

problems 

 (020) 

 M SD 

Collaboration condition 9.29 4.54 

Individual condition 9.38 4.75 

 

          



The first research question is about the processing of the problems in the 

programme and the frequency and success in the use of hints. 

From the log files in the programme it could be derived how student had 

worked on the problems in the programme. For both conditions, the teacher 

assistants checked how many word problems were finished during lessons, how 

many were solved correctly and incorrectly, and whether the students had used 

hints in the process. The focus was particularly on whether incorrect answers were 

given without a request for hints. Furthermore, it was checked how the students in 

the collaboration condition communicated with each other. After making their 

analyses, the teacher assistants discussed the main issues with the students (e.g. 

the use of hints when a word problem could not be solved). At the beginning of 

every next lesson, the students in both conditions were informed about these 

topics. In addition, the two groups received feedback from the teacher assistants 

about what they could do to improve their results.  

 In both conditions, the students participated on average in 8.94 (SD = .04) 

of the 9 lessons. The individual group finished on average 50.47 (SD = 4.86) word 

problems, completing almost all of the six problems in each lesson. The 

collaboration group finished on average 32.00 (SD = 9.72) items, completing 3 to 4 

of the 6 problems each lesson. Furthermore, the individual group spent each lesson 

on average 12.64 (SD = 1.23) minutes on the items while the collaboration group 
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needed 18.37 (SD = 2.26) minutes per lesson. Figure 4.3 shows the average time in 

minutes for each lesson in both conditions. In all lessons but one the students in 

the collaboration condition spent more time in the programme than the 

participants in the individual condition.  

 

 
Figure 4.3. The average time in minutes spent in the computer programme per 
lesson for both conditions. 
 

We may conclude that the students in the collaboration condition spent 

more time in the computer programme, but finished fewer word problems than the 

students in the individual condition. 

 



In the collaboration condition, hints about the analysis of the problem were 

assigned to the role of reader, and hints about determining the correct numerical 

operations to the role of planner. Together they had to arrive at correct answers. 

On average, the students in the collaborative condition used hints for 22.53 (SD = 

9.12) of the word problems. In the individual condition, the students used hints for 

25.94 (SD = 11.05) items. Table 4.2 indicates the results of the usage of hints.  
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Table 4.2 

Number of word problems finished with the aid of hints: means and standard 
deviations 
 

 Word 

problems 

finished 

 Word 

problems with 

hints 

 Correctly 

solved with 

hints 

 (054)  (054)  (054) 

Condition M SD  M SD  M SD 

Collaboration  32.00 9.72  22.53 9.12  14.76 5.58 

Individual  50.47 4.86  25.94 11.05  11.88 6.92 

 

Table 4.2 shows that the students in the individual condition seemed to use 

hints slightly more often and finished far more problems than the students who 

collaborated in dyads. To test the effect of difference in usage of hints an ANCOVA 

was performed with ‘number of problems finished in which hints were used’ as the 

dependent variable, ‘condition’ as the independent variable and ‘number of word 

problems finished’ as covariate. There was a significant interaction effect between 

‘condition’ and ‘number of problems finished’ on the outcome variable ‘number of 

word problems finished with hints’ (F(1,62) = 7.345, p = .009). The effect indicated 

that if the number of word problem finished was controlled, students in the 

collaborative condition used more hints with the word problems they finished than 

students in the individual condition. 

 This effect also shows if we look at the proportion of problems for which 

hints were used. In the collaborative condition, out of 32 word problems on average 

that students finished, hints were used with 22.53 of the problems. This was 70% 

(22.53/32.00). Whereas in the individual condition, on average, 50.47 word 

problems were finished, and hints were used with 25.94 of them. This amounts to 

51% (25.94/50.47). The data are shown in figure 4.4 It turns out that the students 

in the collaboration condition used hints relatively more often. 
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Figure 4.4. The proportion of finished word problems with hints per lesson for 
both conditions. 
 

Moreover, when using hints, the students in the collaboration condition 

solved in relative sense more word problem correctly after using hints. Students 

who collaborated in dyads solved on average 14.76 word problems correctly out of 

the 22.53 word problem in which hints were used (This indicates that 66% of the 

problems were correct). In the individual condition, 25.94 word problems were 

solved with the use of hints and students were able to solve on average 11.98 of 

these problems correctly (This indicates that 44% of the problems were correct). 

The percentage of correctly solved problems after hints use is larger in the 

collaborative condition than in the individual condition.  

 

Next, we calculated the proportion of correctly solved problems with the 

use of hints for each lesson in both conditions by dividing the mean of the problems 

solved correctly with the aid of hints by the mean of the total number of items 

solved with the aid of hints. Figure 4.5 displays the trend in both conditions over 

time.  
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Figure 4.5. The proportion of correctly solved word problems with the aid of hints 
for each lesson in both conditions. 

 

Throughout the intervention, the proportion of correctly solved word 

problems with hints is higher for students in the collaboration condition than for 

students in the individual condition. It seems that in the collaboration condition 

the hints are more effectively used than in the individual condition.  

With respect to research question 1, it was found that students in the 

collaborative condition took more time to work on problems. They finished less 

problems than students in the individual condition and also finished less problems 

in the programme correctly. However, the students in the collaborative condition 

finished more problems correctly of the items they started. They also made more 

use of the hints when they worked on problems and they were more successful in 

its use. So, students in the collaborative condition finished less problems correctly 

because problem solving took them more time. But if they started on problems, 

they made more use of hints and finished more problems correctly. The hints 

probably helped the students to communicate about how to solve the items and 

made them do it more succesfully.  
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The second research question deals with the number of correctly solved 

word problems in both conditions. Although the students in the individual 

condition completed more items, this does not necessarily mean that they solved 

more items correctly. Table 4.3 provides further information.  

 

Table 4.3 

Number of word problems finished and solved: means and standard deviations  

 Number of 

problems 

finished 

 Number of 

problems 

solved 

 Number of 

problems 

solved 

 (054)  (054)  (054)* 

Condition M SD  M SD  M SD 

Collaboration  32.00 9.72  21.18 7.20  26.21 6.26 

Individual  50.47 4.86  27.09 5.54  21.75 6.34 

*=corrected for the number of word problems finished 

 

Table 4.3 shows that the students in the individual condition managed to 

solve more word problems correctly than the students in the collaboration 

condition. However, the number of incorrect solved word problems is also higher in 

the individual condition compared to the collaboration condition. In order to test 

whether both conditions differ in number of correctly solved word problems, an 

ANCOVA was performed with ‘number correctly solved word problems’ as 

dependent variable, ‘condition’ as independent variable and ‘number of word 

problems finished’ as covariate. There was a significant main effect of condition on 

the number of correctly solved word problems in the advantage of the collaboration 

condition (F(1,63) = 5.80, p = .019, d = .71)). Students of the collaboration 

condition solved more problems correctly, while taking into account the difference 

in finished word problems. No significant interaction effect was found between 

condition and the number of word problems finished (F(1,62) = 1.66, p = .202)).  

 

 

However, there seemed to be an effect of time. Figure 4.6 shows that the 

average number of problems solved correctly in the individual condition stays 

between the averages 0.4 and 0.7 percent of the problems students finished per 

lesson. In the collaboration condition, a more upwards line can be observed. 

Throughout the course of time, the students in the collaboration condition show an 

increase in performance.  

 

 
Figure 4.6. Average correctly solved word problems in each lesson for both 
conditions.     

 

In answer to the second research question, we can summarize that the 

students who worked in the individual condition completed more problems than 

the students in the collaborative condition. However, they did not have a higher 

success ratio. When they started a problem they did not finish it correctly as often 

as students in the collaborative condition. In other words: the proportion of 

correctly solved problems in the collaborative condition was higher than in the 

individual condition. 
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We expected that the students in the collaboration condition would make 

full use of the option to discuss the solutions to the problems with each other. The 

use of the hints would help them to elaborate upon ways to solve the problems. The 

data in the logfiles had not only quantative information on the use of hints and 

problems finished but also contained qualitative information from the chats and 

sketch pads students sent each other. We quantified the information by 

categorizing interactions between students according to their content. We tried to 

find indications of how often during the programme students exchanged problem 

solving ideas and suggestions with each other.   

As we have seen before, students in the collaborative condition consulted 

the hints more often than their counterparts in the individual condition (Table 4.3). 

During a lesson, the students in the collaborative condition finished on average 3 to 

4 problems. In the course of solving these problems, there were on average 10.38 

(SD = 5.30) interactions between the students. Most of these interactions were 

contentrelated (M = 9.05, SD = 5.18). They were mostly initiated by the students 

in the role of reader (M = 58.29%, SD = 8.39%) and less frequently if the students 

had the role of planner (M = 28.64%, SD = 6.60%). The contentrelated 

interactions and elaborated interactions included on average 85.52% (SD = 7.60%) 

of all interactions. This is a high percentage compared to other studies (Ding, 

Bosker & Harskamp, 2011). A distinction can be made, however, between content

related and elaborated interactions. A contentrelated interaction in the role of 

reader is for example: “I think the answer is c (on the question about the problem 

situation)” or “this answer is right there in the text.” In both examples, the 

interaction is about the task but without further elaboration. An example of an 

elaboration is: “I think that answer c is correct, because it is stated that there are 

80 place names and that he has answered 3/4 part correctly. The question is how 

many place names were incorrectly answered”.  

 

 

Figure 4.7. Average number of the word problems finished in each lesson and the 
elaborative interactions between the students throughout the lessons.   

 

To examine how students communicated with each about the problems, we 

observed the elaborated interactions and examined how many times students had 

these with each other. For each lesson, the number of elaborations of each dyad 

was counted and the average number of elaborative interactions was calculated. 

Figure 4.7 displays the trend of elaborative interactions over lessons. Figure 4.7 

shows a growth of elaborations as lessons progress. In the first lesson, the students 

finished on average 2.71 (SD = 1.40) word problems and had on average for 1.35 

(SD = 0.79) items elaborative interactions. In the last lesson, the students finished 

4.25 (SD = 1.39) word problems and had elaborate discussions with on average 

2.94 (SD = 1.60) of these items. Figure 4.7 shows the continuing growth. 

Throughout the lessons the number of finished word problems increased, while at 

the same time the number of elaborative interaction increased from half of the 

items (1.35/2.71) to two third (2.94/4.25) of the problems. This finding may 

indicate that during the course of the lessons the number of elaborative discussions 

during problem solving steadily increased. The data also seem to indicate that 

students spent more time on problems than their counterparts in the individual 

condition because they had to express their thoughts using chat and sketch pad. 

But they seemed to have learned to do it increasingly more efficient. In the course 

of the nine lessons, they finished more problems correctly. 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

1 2 3 4 5 6 7 8 9

M
ea

n 
nu

m
be

r 
of

 w
or

d 
pr

ob
le

m
s

Lesson

Finished

Elaborative interactions



4

108 109 

 

         



We expected that the students in the collaboration condition would make 

full use of the option to discuss the solutions to the problems with each other. The 

use of the hints would help them to elaborate upon ways to solve the problems. The 

data in the logfiles had not only quantative information on the use of hints and 

problems finished but also contained qualitative information from the chats and 

sketch pads students sent each other. We quantified the information by 

categorizing interactions between students according to their content. We tried to 

find indications of how often during the programme students exchanged problem 

solving ideas and suggestions with each other.   

As we have seen before, students in the collaborative condition consulted 

the hints more often than their counterparts in the individual condition (Table 4.3). 

During a lesson, the students in the collaborative condition finished on average 3 to 

4 problems. In the course of solving these problems, there were on average 10.38 

(SD = 5.30) interactions between the students. Most of these interactions were 

contentrelated (M = 9.05, SD = 5.18). They were mostly initiated by the students 

in the role of reader (M = 58.29%, SD = 8.39%) and less frequently if the students 

had the role of planner (M = 28.64%, SD = 6.60%). The contentrelated 

interactions and elaborated interactions included on average 85.52% (SD = 7.60%) 

of all interactions. This is a high percentage compared to other studies (Ding, 

Bosker & Harskamp, 2011). A distinction can be made, however, between content

related and elaborated interactions. A contentrelated interaction in the role of 

reader is for example: “I think the answer is c (on the question about the problem 

situation)” or “this answer is right there in the text.” In both examples, the 

interaction is about the task but without further elaboration. An example of an 

elaboration is: “I think that answer c is correct, because it is stated that there are 

80 place names and that he has answered 3/4 part correctly. The question is how 

many place names were incorrectly answered”.  

 

 

Figure 4.7. Average number of the word problems finished in each lesson and the 
elaborative interactions between the students throughout the lessons.   

 

To examine how students communicated with each about the problems, we 

observed the elaborated interactions and examined how many times students had 

these with each other. For each lesson, the number of elaborations of each dyad 

was counted and the average number of elaborative interactions was calculated. 

Figure 4.7 displays the trend of elaborative interactions over lessons. Figure 4.7 

shows a growth of elaborations as lessons progress. In the first lesson, the students 

finished on average 2.71 (SD = 1.40) word problems and had on average for 1.35 

(SD = 0.79) items elaborative interactions. In the last lesson, the students finished 

4.25 (SD = 1.39) word problems and had elaborate discussions with on average 

2.94 (SD = 1.60) of these items. Figure 4.7 shows the continuing growth. 

Throughout the lessons the number of finished word problems increased, while at 

the same time the number of elaborative interaction increased from half of the 

items (1.35/2.71) to two third (2.94/4.25) of the problems. This finding may 

indicate that during the course of the lessons the number of elaborative discussions 

during problem solving steadily increased. The data also seem to indicate that 

students spent more time on problems than their counterparts in the individual 

condition because they had to express their thoughts using chat and sketch pad. 

But they seemed to have learned to do it increasingly more efficient. In the course 

of the nine lessons, they finished more problems correctly. 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

1 2 3 4 5 6 7 8 9

M
ea

n 
nu

m
be

r 
of

 w
or

d 
pr

ob
le

m
s

Lesson

Finished

Elaborative interactions



110 111 

 





The third research question concerns the effect of the collaborative version 

of the computer programme on students’ problem solving skills. To examine 

whether the students had improved these skills after the use of the programme, 

posttests were administered. The students took this test individually without hints 

or any other form of help. Table 4.4 displays the results in both conditions.  

 

Table 4.4 

Means and standard deviations of the posttest scores of students 

 Number of 

problems solved 

 Number of 

problems solved 

(020)  (020)* 

M SD  M SD 

Collaboration condition 10.82 3.90  10.85 3.32 

Individual condition 11.97 5.17  11.94 3.31 

*=corrected for pretest problem solving 

 

To check for a main condition effect, an analysis of covariance was 

performed with the pretest as covariate, condition as factor, and posttest as 

dependent variable. After controlling for the pretest scores, no significant main 

effect of condition was observed on the students’ posttest problem solving skills 

(F(1,63) = 1.781, p = .187, d = .329)). Also, no interaction effect was found (F(1,62) 

= .870, p = .355)). These results indicate that the answer to the third research 

question is that there was no difference between students of the two conditions in 

problem solving skills after working in the computer programme.  

 

 

 







In this study, primary school students collaborated in dyads to solve word 

problems with the aid of hints in an online programme which supported their text

based interactions. The study was conducted to shed more light on the question 

whether structured collaboration combined with hints improves students’ problem 

solving skills more than working individually using hints. As yet not much is known 

about this research topic. It is, however, a relevant issue, since it typically involves 

competencies which have been labelled as 21st century skills: (word) problem 

solving, the use of digital communication, collaboration, and the sharing of ideas 

and opinions (Pellegrino & Hilton, 2012). For the students involved, computer

supported collaborative problem solving was a complex assignment. That is why, 

prior to the intervention, the students received instruction on tasks such as how to 

make use of the communication functions in the computer programme, how to 

work together, and how to text one another ideas and proposals in a clear manner. 

It appeared that the participants in the individual condition were quite capable of 

handling the programme on their own. However, the students in the collaborative 

condition had trouble communicating efficiently with each other (e.g. quickly 

sending and returning clear messages). Although the teacher assistants did their 

best in providing the students in the collaborative group with tips to work more 

efficiently, it took these students far more time to process the word problems than 

it did the participants in the individual condition. 

After the programme, it was compared how the two versions had been used 

by the students. Both groups had participated in almost all of the lessons. The 

average time spent on the problem items was higher for the students in the 

collaboration condition than for those in the individual condition. Other studies 

have also shown this result (Harskamp & Ding, 2006; Uribe, Klein, & Sullivan, 

2003). It can probably be explained by the fact that collaboration (through the 

internet with the use of a chat function) takes much more time than working 

individually without the need to consult someone else (Baines, Blatchford, & 

Kutnick, 2003). This time issue probably caused the lower number of finished word 
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whether structured collaboration combined with hints improves students’ problem 
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internet with the use of a chat function) takes much more time than working 

individually without the need to consult someone else (Baines, Blatchford, & 

Kutnick, 2003). This time issue probably caused the lower number of finished word 
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problems in the collaborative condition. The students who worked individually 

completed on average all six word problems while the pairs in the collaboration 

group finished on average three or four items.  

The first research question was about the use of the programme and the 

effect of hints in the two versions of the programme. In the collaboration condition, 

on average 22.53 word problems were solved with the aid of hints out of the total of 

32.00 finished word problems. The students in the individual condition used hints 

with 25.94 word problems for a total of 50.47 problems they finished. In absolute 

sense, students of the individual condition used more hints. But, in the 

collaboration condition the usage of hints led to 14.76 correctly solved word 

problems, whereas in the individual condition only 11.98 of the problems were 

completed correctly after using hints. These results demonstrate a difference 

between the two conditions as regards successful use of hints. The students in the 

collaboration condition were more successful when they used hints, but took more 

time to solve problems and finished less problems than students in the individual 

condition. 

The second research question concerned the effects of the two conditions 

on the students’ performance in the programme. The students in the individual 

condition solved more word problems correctly in the programme than the 

students in the collaboration group. However, the students in the individual 

condition also solved more items incorrectly. But, when students in the 

collaboration condition started a problem they often finished it more successful 

than the students in the collaborative condition. The collaborative group solved 

26.21 problems correctly out of 32.00 items they finished and the students in the 

individual condition solved 21.75 items correctly out of 50.47 they finished. It was 

expected that the collaboration group would be more effective in solving word 

problems in the computer programme. The results indeed show that although this 

group finished fewer items, its success rate was higher.  

An extra analysis was performed to find indications on how problem 

solving took place in the collaborative condition. It was expected that students 

would better learn how to solve problems by exchanging ideas and suggestions. 

Thius is called ‘cognitive elaboration’. In the first lesson, elaborate discussions took 

 

 

place for 50% of the finished problems and this steadily increased over lessons. In 

the last lesson there were elaborative interactions with 69% of the problems. One 

can observe that the communication about the solution processes increased over 

the lessons, just as the number of items solved successfully. This result is in line 

with the relationship found by other researchers between number of elaborative 

interactions and increase in students’ problem solving skills (Slavin, 2009; Webb, 

2008). Our results indicate that at the end of the nine lessons students were more 

efficient in exchanging their ideas and they finished more problems. They neared 

the success of their counterparts in the individual condition in number of problems 

solved. 

The third research question referred to the effect of the collaborative 

condition versus that of the individual condition on students’ scores in a word 

problem solving posttest. The pretest and post test were equal in difficulty of 

items. In both conditions the mean posttest scores were substantially higher than 

the average pretest scores. So in both groups the students’ skills in word problem 

solving had improved. We could not establish whether the effect of collaboration 

was larger than that of individual learning. This can perhaps be explained by the 

nature of the problem solving process in the collaborative condition. On the one 

hand, the students could not finish as many items as the students in the individual 

condition. On the other hand, when starting an item, the collaboration group was 

more successful in solving it correctly.  

This study seems to show that not only the quality of practice in the 

collaboration condition but also the quantity of practice in the individual condition 

matters in building one’s problem solving skills. In both conditions, the students 

were always provided with a correct model answer after they had solved an item 

(paragraph 2). So, students who completed more problems received more model 

answers, which may have contributed to their learning as well. The conclusion of 

this study is therefore that individual word problem solving and collaborative word 

problem solving in dyads are equally beneficial for students if the time to learn is 

equal and the programme is restricted to less than 10 lessons of 20 minutes each.  
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In this study an attempt was made to structure small group collaborative 

problem solving in CSCL. It is acknowledged that collaborating is a complicated 

task (Dillenbourg & Tchounikine, 2007). Not only do students need to solve a 

problem using different episodes (Schoenfeld, 1992), they also need to work 

together with another student and keep his or her suggestions and information in 

mind. These operations together are more intensive to process by students, than 

when students work individually (Ding, 2009). In our research we tried to lighten 

the burden by giving students hints that would help them to play their specific role 

more easily. The hints formed the scripts students could use in communicating 

with other students. Bit still they had to read a hint and summarize its content and 

add their own thoughts for communication with a peer. Students who worked 

individually did not have to make these extra efforts. Probably, that is why the 

collaboration group to longer to finish a problem than the individual students.  

This is one of the limitations of this study. If there had been no restriction 

of time, the collaboration group would probably have solved more items correctly 

than in the current setting. In the collaborative condition, the students were 

inexperienced in digital communication and collaborative problem solving. They 

had little practice in transforming hints into a message and sending it via the 

computer system nor in discussing the solution of problems with one another. With 

each word problem, there were several instances where they had to wait for each 

other’s chat messages. Perhaps more preflight sessions would have been beneficial 

for more efficient communication between the students in the collaborative 

condition (see Mayer, Mathias, & Wetzell, 2002, for the effect of pretraining). 

Contrary to the students in the collaboration condition, the students in the 

individual condition had experience in working with digital programmes at school.  

 Another restriction was that the students were not used to elaborating 

upon and explaining to one another how they solved problems. Only gradually, 

during the course of the programme, did the students in the collaborative condition 

start to communicate in a more elaborate manner. A recommendation would 

therefore be to train students in advance in summarising information. In this way, 

 

 

they would learn to better formulate their explanations and verify the answers 

proposed by their peer (Uribe, Klein, & Sullivan, 2003).  

 A third limitation concerns the role of feedback during this study. A 

drawback of the usage of the computer programme in the collaboration condition 

was the small number of solved items, which was acknowledged by the teacher 

assistants. They stated that the students collaborated in a serious manner with each 

other, but that their communication generally took off rather slowly. Furthermore, 

the students did not seem to be able to speed up their information exchange much 

throughout the intervention. In order to stimulate the use of hints and roles, the 

teacher assistants specifically provided the students in the collaboration condition 

with feedback. Whereas the students in the collaboration condition had difficulty 

communicating efficiently, the students of the individual group sometimes tended 

to rush through the programme too fast. The teacher assistants had tried to focus 

students of the individual condition on the use of hints if they could not solve a 

problem on their own. But, still this was not sufficient to make students use the 

hints more. In a future setting, feedback could be provided by an intelligent tutor 

system which quickly responds when hints are not used (individual condition) or 

the roles are not used (collaborative condition). The log files of the programme may 

be used for this purpose (Roll, Aleven, McLaren, & Koedinger, 2007). 

 We recommend to start a new experiment, prior to which the students in 

the collaborative condition are thoroughly trained in the use of digital 

communication tools. First, they will need training in rewording the hints into 

summarised messages for their partner problem solver. Secondly, to be able to save 

time they will need tuition in the use of a brief but clear style of communication. 

Perhaps, the method of collaboration engineering could be beneficial for training 

primary school students to collaborate through internet with peers (Cheng, Li, Sun, 

& Huang, 2015). For instance, with the use of so called thinkLets instructions can 

be given to train students in the use of functional scripts such as the one we used 

(reader and planner) that help students to structure their interactions in fulfilling 

common tasks (Kolfschoten, De Vreede, Briggs, & Sol, 2010; Briggs, De Vreede, 

Nunamaker, & Tobey, 2001). For example, a thinkLet can be used to train students 

in increasing their understanding of the problem situation or solution plan of the 
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word problem, or providing students in more insight on their disagreements in 

their elaborations (De Vreede, Kolfschoten, & Briggs, 2006). Since students work 

with hints, it is also important to incorporate how students interpret information, 

and how they can explain this to their peer.  

Furthermore, controlling the learning time will also be necessary in the 

new experiment. This study taught us that the available time of 20 minutes to solve 

6 problems is sufficient for individual problem solving, but not for collaborative 

problem solving. Once the students are sufficiently trained in communicating 

quickly and effectively, an estimate should be made of the average time spent by 

the students in the collaboration condition on completing the items.  

For a more effective use of the programme in the individual condition, students 

could be monitored by an intelligent tutor function in the programme. Students 

who supply incorrect answers and make no use of hints can be tracked. 

Subsequently, the tutor can stimulate these students to start using hints and 

answer extra questions about the hints before they can present their final answer. 

These measures would improve the use of the programme in the individual 

condition (Corbalan, Kester, & Van Merriënboer, 2008).  
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This chapter is submitted as: 

De Kock, W. D. & Harskamp, E. G. (2016). Does instructional support for different 

episodes of word problem solving result in different effects on primary school 

students’ problem solutions? An exploratory study.  
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In primary schools students not only learn basic mathematics but also to apply 

their knowledge in solving word problems. A word problem describes a problem 

situation in a daily context. The students need to analyse the problem, and solve it 

with the mathematical knowledge they possess. Schoenfeld (1992) describes 

problemsolving episodes that can help students to solve problems successfully. 

There are computer programmes for word problem solving that take the episodes 

as a framework for instructional support to teach students how to solve word 

problems (for an overview see De Kock & Harskamp, 2014).  

In the programmes students are first offered clues and hints to closely read 

and analyse a problem (episode read/analyse). Then, they can take hints to explore 

the mathematical knowledge required for solving the problem (episode explore). 

Next the students are offered help in constructing a solution plan (episode plan). 

Finally, they can compare their solution to a model answer (episode verify). The 

computer programmes provide the hints to help students use the episodes 

successfully.  

However, students seem reluctant to use the hints even if they do not know 

houw to proceed with a problem, because hints take extra time and effort to 

process. But if the students use hints, they consult the hints for all episodes (Baker 

et al., 2008; De Kock & Harskamp, 2014; Aleven, Roll, McLaren, & Koedinger, 

2016). If the number of hints could be reduced to those episodes that cause 

students most problems, then it would be easier to convince students to use a small 

number of hints. Several researchers have pointed out that especially the first 

episodes of problem solving (read/analyse) and (explore) are crucial for solving 

word problems (Moran, Swanson, Gerber, & Fung, 2014; Swanson, Orosco, & 

Lussier, 2014). In order to understand the problem situation, students first have to 

read the written text of the word problem and analyse the problem situation. To do 

this, reading comprehension is important (VileniusTouhimaa, Aunola, & Nurmi, 

2008). If reading and analyzing the problem situation is indeed a main difficulty 

for many students, then instructional support for this episode will be most effective 

to help students in solving problems.  
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However, other researchers (Dufresne, Gerace, & Leonard, 1997; Van 

Heuvelen, 1991; Larkin & Simon, 1987) stressed that exploring the mathematics 

knowledge necessary to solve a problem is a great obstacle for students. They state 

that it is not so much the skill of analysing the problem situation, but the skill of 

connecting the problem situation to the mathematical relationships involved in the 

problem that is often lacking. If this is true, then instructional support for the 

episode explore will be very effective for problem solving. 

However, in order to explore a problem effectively the student needs to 

have a correct mental representation of the problem. Hence, hints for the episode 

explore also entail information about the problem situation. The information in an 

explore hints more or less include the information in an read/analye hint. 

Therefore, we assume that for the construction of a solution plan by a student the 

hints for the episode explore should be more effective than the hints for the episode 

read and analyse. 

If the hints are just as effective, there is reason to consider to leave out 

hints for the episode explore, as students could make a solution plan without the 

extra informati9on in the explore hint about the mathematical relationships in a 

problem. Comparing the effect of explore hints versus the effect of read/analyse 

hints might provide evidence for the design of word problem solving programmes. 

 





As already mentioned, Schoenfeld (1992) states that the first problem

solving step is to read and understand the problem text. Students need to create a 

mental model or mental representation of the problem with relevant numbers and 

words from the text. When they have created a complete model they can imagine 

what the situation is about (Lesh & Doerr, 2000; Thevenot, Devidal, Barrouillet, & 

Fayol, 2007). It is often observed that students make reading errors because they 

read the text only superficially. In their study, Hegarty, Mayer and Monk (1995) 

performed an analysis of the different reading errors made by both successful and 

unsuccessful problem solvers. They found that unsuccessful problem solvers had 

more difficulties in understanding the word problems because they were more 

 

 

focussed on the numbers than on the textual content. In solving word problems it 

is, however, crucial to determine correctly which words are meaningful and which 

are not.  

Verschaffel, Greer, and De Corte (2000) found that many teachers believe 

that most errors made in solving word problems ensue from superficial reading. 

Identifying the key information and eliminating irrelevant additional information 

by rereading and underlining the words and numbers in the text is regarded by 

them as effective strategies for constructing a correct representation. A “key word” 

strategy teaches students that key words may indicate which operation has to be 

executed. For example, students can be taught that the words ‘more’ and 

‘altogether’ indicate the addition operation and that ‘left’ indicates subtraction. 

Similarly, the word ‘times’ mostly requires multiplication, and ‘among’ generally 

indicates the need to divide. However, Parmar, Cawley and Frazita (1996) argued 

on the basis of their research that the key word strategy bears the risk of superficial 

reading and that it undermines students’ deepstructure analysis of the 

interrelationships between the words and the context of the problem situation.  

Another strategy to improve reading and analysing a problem is 

underlining the most important words and numbers. This is probably a more 

effective way to help students read closely and analyse the problem situation 

properly (Fuchs et al., 2009; Jitendra, Dupuis, et al., 2013; Pfannenstiel, Bryant, 

Bryant, & Porterfield, 2015; Stellingwerf & Van Lieshout, 1999; Swanson, Orosco, & 

Lussier, 2014).  

A third and beneficial strategy is having the students restate the problem in 

their own words. This approach will help them in actively processing the important 

and relevant numerical information in the problem (Montague, Enders, & Dietz, 

2011; Moran, Swanson, Gerber, & Fung, 2014; Passolunghi, Mazocchi, & Fiorillo, 

2005).  

In summary, offering students strategies such as underlining the main 

parts in the word problem or restating the problem in one’s own words may both be 

effective ways of supporting them in reading and analysing the problem’s content. 
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As already mentioned, Schoenfeld (1992) states that the first problem

solving step is to read and understand the problem text. Students need to create a 

mental model or mental representation of the problem with relevant numbers and 

words from the text. When they have created a complete model they can imagine 

what the situation is about (Lesh & Doerr, 2000; Thevenot, Devidal, Barrouillet, & 
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focussed on the numbers than on the textual content. In solving word problems it 
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During exploration of a problem, students refine their mental model of the 

word problem and recognize which mathematical relations are involved in the 

problem situation (Hegarty, Mayer, & Monk, 1995; Mayer & Hegarty, 1996). 

Recognizing the number operations involved in a problem goes one step further 

than having a mental model of key words and number (as created in the episode 

read and analyse). However, if students stay focussed on the visual appearance of 

the objects and/or persons in the problem, the mathematical relationships are less 

likely to be properly conceptualised. Therefore, students need to learn how to make 

a schema that encompasses the relevant numbers and events in a problem but also 

the number operations that are involved (Hegarty & Kozhevnikov, 1999; Van 

Garderen, 2006; Van Garderen & Montague, 2003). 

Many researchers have tried to improve students’ skills in solving word 

problems by training them in the use of schema that fit the specific types of number 

operations, such as addition and subtraction or multiplication and division. In 

these studies, the students were trained to read, analyse and explore word problem 

items through the lens of predefined problem types with the aid of a standard 

schema for each type. Especially for students with learning difficulties, this training 

proved to be effective (Fuchs et al., 2009; Fuchs et al., 2010a; Fuchs et al., 2010b; 

Jitendra, Dupuis, et al., 2013; Jitendra, et al. 2007; Jitendra, Rodriguez, et al., 2013 

or Xin, Jitendra, & DeatlineBuchman, 2005).  

A different and more flexible strategy is to teach students to make their 

own schema of the word problems they have to solve. An advantage of this 

approach is that it teaches students how to deal successfully with types of problems 

other than those trained. Studies by Zahner and Corter (2010); Edens and Potter 

(2008); Uesaka, Manalo and Ichikawa (2007); Van Garderen and Montague 

(2003); Van Garderen, Scheuermann and Jackson (2013) show that training 

students in making their own schema can be effective as long as they do not make 

pictorial sketches, but restrict their drawings to schemas that depict the 

relationships between the numbers and the key words.  

 

 

De Kock and Harskamp (2014), Jacobse and Harskamp (2009) used a 

computer programme which integrated these two views on the training of 

schematising problems. First, the programme provided a halffinished schema of a 

problem. Then, the students had to determine which of the keywords, numbers and 

relationships had to be added to the schema. Next, they could use this schema to 

solve a problem. Many different types of word problems were introduced in this 

manner and students improved their problem solving skills. Having students 

complete halffinished schema can make them understand a problem and 

recognize its the number relationships (Low & Over, 1989, 1990; Powell, 2011; 

Corter & Zahner, 2007).  

In summary, the use of the episode ‘explore’ during word problem solving 

can be supported by providing students with a halffinished schema depicting some 

of the key words and numbers in a problem and asking the student to fill in the 

schema and also add the number operations. This instructional support can help 

students gain more insight into how to create schemas for different types of word 

problems.  

 



In the current study, we want to find out if the effect of instructional 

support for the problem solving episode explore differs from the effect of support 

for the episode read/analyse. Do students specifically need help with reading and 

analysing the problem situation or especially in finding out what the mathematical 

relationships are? Until now, as yet no research that we know of has been 

conducted which investigates this question. Knowledge of this issue could help to 

improve word problem solviong computer programmes. But, also teachers might 

profit from the information. Hegarty, Mayer and Monk (1995), and Mayer and 

Hegarty (1996) started from the assumption that all problemsolving episodes may 

need support. But, they found out that apart from having difficulty in 

understanding a complex word problem, students often lack the ability to make the 

connection between their correct analysis of a problem and the mathematical 

knowledge needed to formulate a solution plan. Even though the students had this 

knowledge, they often did not recognize when it was needed. This result would 
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implicate that support in exploring the number operations in a problem will be 

more effective than support in reading and analysing a problem. The more so, 

because hints for the episode explore also entail information about the episode 

read/ analye (paragraph 5.1).   

The research question is therefore as follows: ‘Is the effect of instructional 

support for the problem solving episode explore more effective for students 

problem solving plans than support for the episode read/analyse ?’  

 



 

The method of this study was to compare the quality of the word problem solution 

plans of three groups: 1) one which used hints during the read/analyse episode, 2) 

one which used hints during the explore episode, 3) a control group which was 

offered placebo hints. 

 



 Prior to the intervention, a problemsolving test was administered. Grade 5 

students were asked to solve six word problems. Based on the outcomes of this test, 

they were matched in classes. Then, they were randomly assigned to the three 

conditions and the project began. First, however, the procedure was clarified to the 

students and they were trained in using the hints. The students were offered two 

dummy word problems, each with a hint according to their research condition. 

After studying the hint, they were asked to write down their solution plan on the 

basis of the hint information. The experiment took place immediately after this pre

training.  

During an individual interview, the students were offered six problems by a 

research assistant. The student was asked to read the text of the problem once and 

explain how he/she would solve it. Then, the student was given a hint, after which 

he/she was again asked how to solve the problem. The three research groups were 

given different hints: the control group placebo hints, the read/analyse group hints 

for the read/analyse episode and the explore group hints for the explore episode. 

The hints are described in the Materials paragraph. Both verbalised solution plans 

 

 

(before and after the hints) were audiorecorded and scored by the researcher 

assistant immediately after each interview. No posttest was administered after the 

intervention, since there were six word problems offered in one short session which 

students could solve.   

 



 The experiment was executed in 5 grade five classes (11 to 12 years old 

students) of three different schools in the North of the Netherlands. Within class, 

the students were each assigned to one of the three conditions. In total, 57 students 

participated of which 19 were assigned to the Control condition, 19 to the 

read/analyse condition, and 19 to the explore condition. The Control condition 

included 14 girls and 5 boys, the read/analyse condition 12 girls and 7 boys, and the 

explore condition 12 girls and 7 boys.  

 





 The aim of this test was to match the students and assign them randomly to 

the three conditions. It consisted of 20 novel word problems. The problems were 

similar to those in the Dutch standardised mathematics tests used by most 

elementary schools (CITO, 2002). The students had to finish this paper and pencil 

test in 30 minutes. For each word problem which was solved correctly, a score of 1 

was awarded, while in total the students could obtain a score of 20. The reliability 

of the problemsolving test was sufficient with a Cronbach’s α of .66.  

 



A computer programme was used to present six word problems plus hints. 

There were three versions of the programme. One version for the support with the 

episode read/analyse, one for the support with the episode explore and also a 

version for the placebo support. 

An example of a word problem used in the intervention: In the morning, 

Bram does a running workout in the park. From his home to the park it is 2.1 
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kilometres by bike. In the park, he runs 3 laps of 4.8 kilometres. After his work

out he rides home. How many kilometres has he covered in total?  

The programme versions were used in an individual setting. A research 

assistant asked a student to start the programme, choose a problem and explain 

how he or she would solve the problem. Then the student received a hint and 

thereafter the student was asked to solve the problem again .  

In the control version of the programme, there was a placebo hint. The hint 

consisted of two pictures and the student was told to choose the picture that was 

related to the problem (see Figure 5.1). This picture merely depicted part of the 

problem. The placebo hint held no information to help improve the student’s 

understanding of the problem. The control version was added to the research 

design in order to create a baseline for the effect of the hints (Harskamp & Ding, 

2006). 

 

 
Figure 5.1. Sample of a hint in the control condition. 
 

In the read and analyse version of the programme, a hint was offered with 

the purpose to help students in forming a correct idea about the problem situation 

and the numbers and key words involved (see Theoretical background above). In 

order to stimulate the process of reading, in the hint relevant information in the 

text was underlined. This approach was used in accordance with the suggestions of 

Pfannenstiel et al. (2015) and Swanson, Orosco and Lussier (2014). The underlined 

information was about both the text and the numbers in the problem (see Figure 

5.2). The example shows a text where one important part is not underlined (2.1 

kilometres). In the hint the student is asked to find the part. In this way, the 

student is stimulated to read and analyse the problem closely and build a model of 

 

 

the item in his/her mind. We argued that if the hint succeeded in enhancing the 

student’s understanding of the problem situation, the student would have less 

difficulty in retrieving the mathematical knowledge required for solving the 

problem and planning a correct solution.  

 

 
Figure 5.2. Sample of a hint in the read/analyse condition. 

 

In the explore version of the programme a schematic representation of the 

problem situation was given, including the relevant numbers and keywords. But, 

there were also hints on the number operations to be used. So, most of the 

information of the episode read/analyse was provided and on top of that 

information of the number operations was added (words and arrows in Figure 5.3). 

The students had to think about this representation and relate it to the text they 

had just read. Next, the students were requested to explain in their own words what 

was shown in the schema (see Figure 5.3). 

 

 
Figure 5.3. Sample of a hint in the explore condition. 
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This hint was meant to stimulate the students’ mental representation of the 

mathematical relationships in the problem (Hegarty & Kozhevnikov, 1999; Van 

Garderen, 2006; Van Garderen & Montague, 2003). We argued that if the hint 

succeeded in enhancing the students’ understanding of both the problem situation 

and its implications for the number operations involved, the students’ ability to 

solve the problem item would be improved. 

 

 

To establish the students’ solutions to the problems, they were asked to 

verbalise their thoughts aloud. To ensure an equal procedure for all students a 

protocol was used. Two circumstances are important in thinkaloud studies 

(Ginsburg, 1983). The first one is that the word problem is complex enough to 

require an elaborate analysis. Simple word problems, which do not require much 

scrutiny, are less suitable for evoking students’ verbal responses. So, in our 

experiment quite complex word problems (two or three step problems) were used 

to meet this condition. The second condition is a minimal interference of the 

researcher when the students express their thoughts (Ericsson & Simon, 1993). 

Here an approach was chosen in which the students were asked open questions in 

an individual setting. When the students answered these questions, there was no 

interference by the researcher. 

There were the same six word problems in each version of the programme. 

They were presented in a fixed sequence. The procedure for the research is 

described in Table 5.1. After the student took a word problem, he/ she read it aloud 

and explained to the research assistant how it could be solved. This is the student’s 

first solution plan. Next, the student was asked to press an arrow key, after which a 

hint appeared on the screen during a fixed duration of time. The student responded 

to the question in the hint. After the hint disappeared, the research assistant again 

asked the student to explain how the problem could be solved. This is the second 

solution plan. After 10 seconds rest the student took the next problem.   

The solution plans of each of the six word problems presented to the 

students were scored both before and after the hints were offered. After the session 

with the student, the researcher compared the solution plans to model answers 

 

 

made in advance. Correct answers had to contain all elements presented in the 

model answers. A score of 2 was given if the student’s answer was fully correct. For 

instance, in the case of the sample problem, 2 points were rewarded if the student 

explained that the total distance from home to the park was 2.1 kilometres, that 

there were 3 laps of 4.8 kilometres each, and that the way back from the park to 

home was also 2.1 kilometres.  

 

Table 5.1 

Procedure of the intervention in the four conditions 

  
 
Aks the student to read 
aloud the word problem  
 

 
Reads the word problem aloud 

 

Asks the student to explain 
how he or she would solve 
the problem 
 

Explains how the word problem can be 
solved or says that he/she does not know 
how to solve it 
 

1 min* 
 

Asks the student to click 
on the right arrow key to 
go to the hint 
 

Presses the right arrow key on the keyboard 
and watches the hint 

 

The hint is presented**          Looks carefully at the hint and executes the 
assignment 
 

 

Asks the student to explain 
step by step how he or she 
would solve the problem 
now 
 

Explains how the word problem can be 
solved or says that he/she does not know 
how to do it 
 

 
1 min* 

Asks the student to click 
on the right arrow key to 
go to a new problem 
 

Presses the right arrow key on the keyboard 
 

 

*If students fell silent for more than 10 seconds they were encouraged to proceed 
by the request ‘please continue’.  
** A human voice in the programme tells the student what to do with the hint 

  

A score of 1 was given if the solution plan was only partly correct, so if it 

lacked an element or if a part of it was wrong. Only one point was given, for 

example, to a solution plan which included the distance of 2.1 kilometres from 
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A score of 1 was given if the solution plan was only partly correct, so if it 

lacked an element or if a part of it was wrong. Only one point was given, for 

example, to a solution plan which included the distance of 2.1 kilometres from 
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home to the park and the three laps of 4.8 kilometres, but which left out the 

distance of 2.1 kilometres from the park back home.  

For no solution plan or a completely incorrect one, a score of 0 was 

recorded. In this case the student’s plan contained more than one incorrect 

element. To give an example, an explanation in which only the distance of 2.1 

kilometres from home to the park was mentioned together with the distance of one 

lap of 4.8 kilometres, while the other two laps and the distance from the park to 

home were left out.      

The students obtained two scores for the planning of a word problem, 

before and after the hint. In order to calculate the reliability of this instrument, the 

scores of the solution plans after a hint were used. With a Cronbach’s α of .74., the 

reliability of this approach was sufficient. 

 






As a check on randomisation, the averages of the problemsolving test in all 

conditions were compared: the control condition (M = 12.89, SD = 2.89), the 

read/analyse condition (M = 12.26, SD = 3.26) and the explore condition (M = 

12.32, SD = 3.15). Since the students were matched and randomly assigned, there 

were no significant differences among the conditions (F(2,54) = .243, p = .786). It 

could therefore be established that the three groups were comparable with regard 

to the problemsolving skills of the students. 

 

  

The scores on the solution plans before the hints were totalled, as were 

those after the hints. A total score of 12 meant that all six problems had been 

verbalised correctly, and a score of 0 that all six problems had been verbalised 

incorrectly. Table 5.2 presents the average scores on the solution plans in all three 

conditions before and after the hints. 

Before the hints were provided, no differences were expected among the 

problem solution scores in the three conditions. Table 5.2 shows that the average 

scores in the three conditions varied between 7.21 and 7.79 out of 12 points. 

 

 

Although there seems to be a small difference in prehint scores among the 

conditions, it is not statistically significant (F(2,54) = .515, p = .600). This 

difference was, however, taken into account in the comparison of the scores among 

the three groups after the hints. 

 

Table 5.2 

Means and standard deviations in the three conditions for the verbalised solution  
plans of the six word problems (scale 0 – 12) 

 Prohints 

solutions 

 Posthints 

solutions 

 Posthints 

solutions 

 (012)  (012)  (012)* 

Condition M SD  M SD  M SD 

Control  7.79 1.62  7.95 1.51  7.37 0.98 

Read/analyze  7.26 2.02  8.00 2.22  8.01 0.97 

Explore 7.21 2.15  8.16 2.71  8.15 0.96 

*= corrected for covariate prehint solutions 

 

The last row in table 5.2 shows the posthint scores within the three 

conditions after correcting for the pretest score differences among the conditions. 

The results indicate that after the hints, differences started to occur among the 

three conditions. An analysis of covariance with the students’ prehint scores as 

covariate and the three conditions as independent factor shows that there was a 

significant condition effect on the progress of correct verbal explanations after the 

hints (F(2,53) = 3.750, p = .030). There was no interaction effect of Condition x 

Pretest (F(2,51) = 1.677, p = .197). This result indicates that within each condition, 

students with lower and higher than average prehint scores profited just as much 

from the hints as the other students. In addition, post hoc comparisons were made 

of the scores’ differences among the conditions, in which Cohen’s d was used as a 

measure of effect size. According to Cohen an effect size (d) of 0  .19 is irrelevant, 

0.20 to 0.49 is small, one of .50 to.79 moderate, and one of .80 or more large 

(Cohen, 1988).  
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Our comparisons revealed that the students’ solution plans in the control 

condition showed less improvement compared to the solution plans in the 

read/analyse condition (p = .042, d = .68), and the explore condition (p = .016, d = 

.84). However, no relevant difference in solution plans was found between the 

students in the read/analyse condition and those in the explore condition (p = 

.609, d = .17). In sum, the results suggested that the two types of hints had a 

positive effect on the quality of students’ solution plans. However, supporting 

students with explorehints is not more effective than supporting them with 

read/analysehints. Both types of hints are beneficial for students’ solution plans.  

 







Previous research has shown that computer programmes with hints for all 

of Schoenfeld’s episodes (read/analyse, explore, plan, implement and verify) could 

be beneficial for word problemsolving of elementary school students (De Kock & 

Harskamp, 2014; Jacobse & Harskamp, 2009; Teong, 2003). But, research has 

shown that students still give incorrect answers to problems without soliciting hints 

or by making incorrect use of the hints (Baker et al., 2008; De Kock & Harskamp, 

2014; Aleven, Roll, McLaren, & Koedinger, 2016). Probably students find hints 

time consuming and not easy to process next to the problem at hand.  

In this study, we tested if hints could be reduced to only those episodes 

students often have trouble with. There was reason to believe that the episodes at 

the beginning of the problem solving process, read/analyse and explore, would be 

obstacles to students. Especially the episode explore (finding the mathematical 

relationships in a problem) would be difficult for students to accomplish (Cooper & 

Harries, 2005; Verschaffel et al., 1999). In our research, all students in the hints 

conditions as well as the placebo condition were questioned by a research assistant 

about the information presented in the hints; they were all equally encouraged to 

think about the content of the hints. So, it seems that the hints in the two 

experimental conditions indeed improved the solution plans of the students more 

than the placebo hints. After establishing this finding, we looked more closely into 

 

 

the results of the two experimental conditions. We found no difference in effect 

between hints for the episode explore or the episode read/analyse. The extra 

information in the explore hints about the mathematical relationships in a depicted 

problem situation did not help students more than the suggestions in the 

read/analyse hints to select the key words and key numbers in the problem text. 

This could imply that the active processing of the relevant information in 

the problem text (read/ analyse hints) is not only beneficial for the mental 

representation of the problem situation but also for exploring the relevant number 

relationships in a problem (Hegarty, Mayer & Monk, 1995). Perhaps the added 

value of helping students to visualize a problem situation with signs to indicate the 

relations among the numbers in a problem is less effective for finding solutions 

than we previously thought on the basis of earlier research (Hegarty & 

Kozhevnikov, 1999; Van Garderen, 2006; Powell, 2011).  

The results seem to indicate that a read/analyse hint could be just as 

effective as an explore hint to help students understand a problem situation and its 

mathematical relationships. This outcome would imply that in 

computerprogrammes for word problem solving one could suffice with 

read/analyse hints and leave out hints for the espiode explore. The read/ analyse 

hints only inform and question students about the problem situation, but the hints 

also seem to effect students insight in the mathematical relationships in a problem 

(just as the explore hints aim to do). It seems that with less instructional support at 

the beginning of the problem solving process (read/ analyse hints) a programme 

can have just as much effect as with more instructional support (explore hints).  

 

 

Conclusions should not be drawn too hastily. We have not yet established 

whether the use of a programme with hints for the episode read/ analyse versus a 

programme with hints for the episode explore has the same transfer effect on a 

word problem solving test. Our present study was directed only at the immediate 

effect of the use of hints for two different episodes on the quality of the solution 

plans of students. We tested the effect on six problems, whereas a programme often 

has 40 to 60 items for students to practice (De Kock & Harskamp, 2014). It is, 
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however, possible that students learn more about the problem solving process from 

explore hints than from read/analyse hints because the first ones try to focus 

students not only on the situation itself but also on the mathematical relations 

involved. It may still be that the hints for the episode explore lead to more effect on 

a problemsolving transfer test.  

We need more empirical evidence to show how much the hints for the two 

episodes affect students’ problem solving skills. The transfer effect of the use of 

read/analyse hints versus the use of explore hints on students skill in solving word 

problems should be studied during a period of 10 to 20 weeks with weekly tests. 

Hints are not only provided to help students solve a problem at hand but also to 

teach them how to solve problems independently by asking themselves questions 

they have learned from the hints they used. We should study in more detail how 

read/ analyse and explore hints affect the way in which students form their mental 

models of the mathematical relationships in word problems and how this affects 

their skills in making solution plans by themselves. This part of a follow up study 

needs can be undertaken by a thinkaloud study which could show how students 

process the hints. Especially, the assumption that read/analyse hints may have 

triggered the students in both visualising the problem situation and establishing 

the number of relationships in the problem needs further scrutiny.  

The followup research could provide knowledge on which episodes to pay 

special attention to when developing a computer programme. The frequency of 

hints use could be improved by obligating students to use hints after an incorrect 

answer to a problem. Obtaining knowledge about the effectiveness of hints for the 

different episodes will be useful in designing computer programmes that stimulate 

the use of hints and that have a selection of most effective hints for teaching 

students how to solve word problems.  
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In primary education, word problem solving plays an important role in 

mathematics. A word problem is a textual description of a mathematical problem 

situation, which has to be solved with the help of mathematical concepts and 

procedures (Jacobse, 2012; Martin & Mullis, 2013). For instance: In a train there 

are 27 women, 45 men and a number of children. The children are 1/5 of all people 

in the train. How many children are there in the train? 

In mathematics textbooks as well as in tests for the higher grades of 

primary education, solving word problems forms a predominant element (Van der 

Schoot, 2008; Verschaffel et al., 2000). However, many students have difficulty 

with this type of exercise. Generally, this difficulty is not caused by students’ lack of 

mathematical knowledge. The real problem is that often they do not know how to 

use their knowledge properly to solve the word problems correctly (Jacobse 2012; 

Schoenfeld, 1992; Verschaffel et al., 1999). According to Schoenfeld (1992), the 

process of successful problem solving is defined by the following episodes: 1) read 

and analyse the problem, 2) explore the required mathematical knowledge, 3) make 

and execute a plan, and 4) verify the answer. Novice problem solvers spend more 

time on executing their solution plans (calculation) than on adequately analysing 

and exploring the problem items (Schoenfeld, 1992). And because students vary in 

their ability to use the episodes effectively during the problem solving process, 

individual support is often needed.  

In order to help students, computer programmes have been designed which 

provide instructional support based on individual guidance and feedback (Adams 

et al., 2014; Li & Ma, 2010; Zhang, Liu, de Pablos, & She, 2014). Support can 

promote and encourage students’ cognitive and metacognitive activities in the 

problem solving process (Bannert, Hildebrand, & Mengelkamp, 2009). 

Metacognitive activity is related to students’ knowledge of when and why to use a 

particular cognitive strategy to solve a problem (Donker, De Boer, Kostons, 

DignathVan Ewijk, & Van der Werf, 2014). For example, in solving complex 

problems students can be aided by using Schoenfeld’s episodes: reading and 

analysing the problem, explore solutions, formulate a plan and implement it 
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(Zimmerman, 2008). Instructional support can help students in working with these 

episodes and offer strategies (e.g. underlining the key numbers and words to be 

able to read and analyse the problem or making a schema to explore possible 

solutions). This metacognitive guidance promotes students’ learning (Bannert, 

Sonnenberg, Mengelkamp, & Pieger, 2015; Berthold, Nückles, & Renkl, 2007). 

However, instructional support should be easy to use for students. If this is not the 

case, they will be less inclined to use it or will only use it superficially (Koedinger & 

Aleven, 2007; McLaren, Van Gog, Ganoe, Karabinos, & Yaron, 2016; Roll, Aleven, 

McLaren, & Koedinger, 2007; Winters, Greene, & Costich, 2008). 

 



One approach to offer instructional guidance is direct instruction: students 

are instructed stepbystep how to solve word problems in a particular 

mathematics subdomain (e.g. addition and subtraction) (e.g. Jitendra et al., 2009). 

After the instruction the students are asked to practise with similar problems after 

which they receive feedback on their answers. Especially in special primary 

education direct instruction has been proven to be effective (Fuchs et al., 2009; 

Fuchs et al., 2010a; Fuchs et al., 2010b). A drawback of this approach, however, is 

that it cannot be transferred to types of problems (e.g division problems) which 

have not been trained. That is why other researchers are in favour of guided 

instruction which stimulates students to only use the problem solving episodes and 

seek instructional support when they really need it. Part of the training element in 

the guided instruction approach is to make students aware of where in the problem 

solving process (in which episode) they get stuck, and which help they actually 

need. In other words: students are trained in developing metacognitive skills in 

using the episodes of problem solving. They are taught how to regulate their 

process and monitor the obstacles they encounter (Sfard & Kieran, 2001; Hohn & 

Frey, 2002; Ku, Harter, Liu, Thompson, & Cheng, 2007). Schoenfeld (1992) 

promoted students’ use of the episodes by posing procedural questions. In a guided 

instruction approach, his episodes can be used to have students think critically 

about the steps in the problem solving process.  

 

 

Most of the computer programmes for word problem solving are based on 

the problem solving episodes of Schoenfeld (1992) (e.g. Kramarski & Gutman, 

2006; Teong, 2003; Chung & Tam, 2005; Jacobse, 2012; Jacobse & Harskamp, 

2009). They stimulate students in analysing the items, finding or reconstructing 

the numbers and concepts to work with and deciding what to do with them. The 

episodes help the students selfregulate their problem solving activities as 

discussed above. In order to make students use help throughout the whole process, 

the programmes offer hints which present cognitive strategies (via visual schemas 

and explanations) in each episode: a) understand the problem situation (episodes: 

read, analyse and explore), b) find a solution plan (episodes: plan and implement) 

and c) check the answer (episode: verify). The programmes invite the students to 

consider how to solve the problem item in a systematic way following the episodes. 

Each schema in the episodes indicates the relationship between the problem’s 

relevant (numerical and textual) elements and an appropriate solution plan. In this 

way, a mental model of the problem can be constructed (Hegarty & Kozhevnikov, 

1999). To help form this mental model the schema is clarified by textual 

explanations.  

When using hints in word problem solving, the student’s working memory 

has to process much information. This is because the student has to focus on the 

problem and the episodesrelated hints simultaneously. How can this load on the 

working memory be reduced? One way is to present the hint information more 

efficiently. In this paper we want to investigate if the cognitive load caused by hints 

can be lessened by replacing textual explanations by audio explanations.  

As a hint usually consists of a visual schema combined with written 

explanations, all information is processed visually. This visual presentation of 

information could play a role in the overload of the working memory. According to 

multimedia theory, the working memory is less burdened if new information is 

presented as a combination of images and spoken instead of written explanations. 

By presenting information in an audio and a visual mode, it is easier for the 

working memory to process it. This is because the working memory is also 

equipped with a visual and an audio part. This view on information processing has 

been tested as the modality principle (Clark & Mayer, 2011). The modality principle 
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education direct instruction has been proven to be effective (Fuchs et al., 2009; 

Fuchs et al., 2010a; Fuchs et al., 2010b). A drawback of this approach, however, is 

that it cannot be transferred to types of problems (e.g division problems) which 
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When using hints in word problem solving, the student’s working memory 
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working memory be reduced? One way is to present the hint information more 

efficiently. In this paper we want to investigate if the cognitive load caused by hints 

can be lessened by replacing textual explanations by audio explanations.  

As a hint usually consists of a visual schema combined with written 

explanations, all information is processed visually. This visual presentation of 

information could play a role in the overload of the working memory. According to 

multimedia theory, the working memory is less burdened if new information is 

presented as a combination of images and spoken instead of written explanations. 

By presenting information in an audio and a visual mode, it is easier for the 

working memory to process it. This is because the working memory is also 

equipped with a visual and an audio part. This view on information processing has 

been tested as the modality principle (Clark & Mayer, 2011). The modality principle 
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has been applied successfully to tasks where students had to process new content 

(see for reviews of the modality principle: Ginns, 2005 and Reinwein, 2012). In 

many studies (e.g. Harskamp, Mayer, & Suhre, 2007) it was shown that splitting up 

the content of a study text into a visual part (images depicting events like the 

hunting behaviour of a cat or the stages in the development of lightning) and an 

audio part (spoken explanations) made learning more effective than when the 

information was presented in text (written explanations) plus visual images. It 

seems that spoken text combined with visual images enlarges the capacity of the 

working memory in comparison to written text complemented by visual images.  

However, not much is known about the effect of modality when it is applied 

to hints. A hint could be regarded as an extra task meant to help solve a primary 

task (e.g. a word problem). This extra task, however, increases the cognitive load on 

the working memory, because not only the main task has to be anchored in the 

mind but also the hint information. Could the modality effect also apply to hints? 

In word problem solving, does partitioning the content of a hint into a visual 

representation of the problem situation and audio explanations have more effect on 

learning than the traditional hint consisting of a schema plus text explanations? 

To our knowledge, so far only Atkinson (2002) examined the effect of hints 

with respect to audio versus text modality. Atkinson (2002) did so in mathematics 

education. In his study on hintsbased problem solving, part of the student sample 

could use hints presented via a visual schema combined with textual instruction 

while the other half was offered hints via the same visual schema combined with 

audio instruction. The results showed that the group that had used the audio hints 

had higher scores on the posttest than the other group. In the study the students 

were free to use hints or not. The effect of the audiovisual condition was small but 

significant. Other than this study no further research has as yet been conducted on 

the effect of modality in hints. Therefore, we first looked at studies of pedagogical 

agents. Part of the function of pedagogical agents is to give cognitive support to 

students during problem solving. We established that much of the research on 

pedagogical agents is about this role.  

A pedagogical agent is a humanlike figure who verbally communicates 

with the learner by responding to his/her input through feedback. The pedagogical 

 

 

agent can play different roles in a learning environment, such as: demonstrating 

techniques, modelling learning behaviour, providing cognitive support and hints, 

coaching, giving motivational support, and testing (Clarebout, Elen, Johnson, & 

Shaw, 2002).  

Moreno, Mayer, and Lester (2000), and Moreno, Mayer, Spires, and Lester 

(2001) studied the modality effect of pedagogical agents on learning. They 

concluded that students whose pedagogical agents communicated with them 

through voice and images, demonstrated higher scores on recall and transfer tests 

than students who were supported by agents that communicated through onscreen 

text and images. In 2002, Moreno and Mayer reported on similar results in 

connection with the use of pedagogical agents in virtual reality learning 

environments. Audio explanations combined with animations as a means to 

communicate the learning tasks resulted in higher scores on recall and transfer 

tests than text explanations plus animations (Moreno & Mayer, 2002). In his 

studies, Atkinson (2002) also confirmed the modality effect of pedagogical agents 

in virtual reality environments. Mayer, Dow and Mayer (2003) used an 

environment in which an agent helped students to understand the functionality of 

an electrical motor. The students who had received audio instruction with 

animations of the motor performed better on a transfer test than those who had 

received text instruction plus animations.  

Not all researchers, however, have agreed with these results. Some, in fact, 

did not find any evidence of a relationship between the modality of pedagogical 

agents and student performance in problem solving. Clarebout and Elen (2006) 

asked students to solve ecological problems with the help of tools in a computer 

programme, the use of which was commented upon by a pedagogical agent. The 

agent directed the participants’ attention towards these tools, explained their 

functionalities and gave advice, for example by suggesting to the students to check 

their notes and verify their answers before handing in their solutions. The guidance 

was given in text or in audio. The tools in the programme were presented visually 

by the agent. In this study no modality effect of the pedagogical agent was 

observed. Recently, Heidig and Clarebout (2011) performed a review of studies 

which indicated that 9 of 15 studies on the effects of pedagogical agents did not 
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show promising results. This is why these authors have been somewhat sceptical 

towards the effect of agent modality, arguing that the expectations in this area 

should not be too high.  

We may therefore conclude that the current research is not unequivocal 

about the effects of pedagogical agent modalities. As opposed to Moreno and Mayer 

(2002), Mayer, Dow, and Mayer (2003) and Atkinson (2002), Clarebout and Elen 

(2006) did not find agent modality effects. We believe that the modality effect will 

occur if students do not succeed in solving a problem on their own and need the 

help of an agent. 

However, the studies on the effect of pedagogical agents make clear that 

not only the modality of the instructions (audio or text) should be taken into 

account, but also the way in which the agent communicates. The agent has 

appeared to be the most effective when the information is uttered by a human voice 

in a conversational style. Moreno, Mayer and Lester (2000) compared the effect of 

a formal style versus a conversational style of communication on student learning. 

In a conversational style, the agent speaks of “I and you” and appeals to the 

students as individuals. The conversational style appeared to be more beneficial. 

Furthermore, a recent metaanalysis of research in this field has shown that the use 

of a human voice speaking in a conversational style also supports the retention of 

learning and transfer (Ginns, Martin, & Marsh, 2013). When using audio during 

instruction, students are more inclined to follow up the advice or suggestions of a 

human voice if it has a conversational style. 

In this chapter we investigate whether students’ skills in solving word 

problems are affected by the modality of the hints as offered by the computer 

programme. The students’ primary task is to solve the word problem. Hints can be 

used if the students do not succeed in finishing this task on their own. The use of a 

hint is a secondary task intended to make the primary task easier to do. We applied 

the modality principle to the secondary task. The hints in our research were based 

on an episodebyepisode framework in which a visual schema was developed. 

Explanations were provided to clarify the schema and relate it to the word problem. 

These explanations differed in modality; they were offered in text or through a 

human voice. The aim of our research has been to determine if guidance through 

 

 

visual schemas combined with human voice explanations is more effective than via 

visual schemas plus written explanations. This knowledge could be used to improve 

the hintsbased word problem solving programmes (see De Kock & Harskamp, 

2014, for an overview).  





In order to help students in solving word problems, hintsbased computer 

programmes have been designed. The hints in these programmes can be offered in 

the form of visual schemas combined with either text explanations or audio 

explanations. The difference in modality is therefore audio versus text 

explanations. 

The first study was conducted to find evidence for the assumption that the 

modality of hints affects students’ understanding of the hints’ content. Because as 

yet not much evidence has become available regarding the proposition that hint 

modality has an effect on students’ performance in problem solving, we wanted to 

test the possible effect of the audio mode on students’ understanding of hints. We 

assumed that if understanding audiobased hints is easier than understanding text

based hints, the former would provide better solution plans than the latter.  

 

Research question 1: ‘What is the effect of hint modality on students’ solution plans 

in solving word problems?’ 

Multimedia theory argues that information offered in audio form in 

combination with visual schemas is easier for the working memory to process than 

information which is merely visual (text explanation plus visual schema). This is 

because the working memory contains both audio and visual functions to process 

information (Clark & Mayer, 2011). In study 1, students were asked to solve six 

problems. With each problem a hint was provided, covering the episodes 

read/analyse, explore and plan. The hint included a visual representation of the 

problem. It did not provide the correct solution plan but showed directions on how 

to solve the item in a systematic way. These directions were embedded in the 

computer programme. The students first read the problem item and then tried to 

tell the researcher how they were going to solve it. Next, they clicked on the hint 
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and after viewing it, they told the researcher for a second time how they would 

solve the problem. To observe how the students analysed and planned the solutions 

to the problems, they were asked to verbalise their thoughts aloud. Two 

circumstances were important in this type of experiment (Ginsburg, 1983). First, 

the word problem had to be complex enough to induce students to think the 

content through properly and analyse the item. Simple word problems, which do 

not require much analysis, would not sufficiently invoke verbal responses. In our 

experiment quite complex items were therefore used to meet this condition. The 

second requirement was a minimal interference of the researcher when the 

students expressed their thoughts (Ericsson & Simon, 1993). For this reason, a 

protocol was used with strict rules regarding the questions and suggestions put to 

the students. 

If the first study produced the expected results, a second study would be 

conducted. Once it was established that audio hints improve students’ problem 

solving skills more than text hints, the modality effect could be tested in a computer 

programme in which the usage of hints was not obligatory. In most programmes 

aimed at improving students’ word problem solving skills, the provision of hints is 

optional (De Kock & Harskamp, 2014). This approach is in line with the general 

focus of word problem solving teaching. It is argued that students should initially 

learn to use the problem solving episodes by themselves and only use hints if they 

fail to proceed on their own. Care was taken that most items were difficult enough 

for the larger part of the students to need support.  

 

Research question 2: “What is the effect of hint modality in a computer programme 

for word problem solving on students’ problem solving skills, both during the use of 

the programme and afterwards in a test?”  

We assumed that the students would make use of the hints if they did not 

know how to proceed. We expected that they would use audio hints just as 

frequently as textbased hints (Atkinson, 2002), but that the first type of hints 

would improve their problem solving skills more than the latter. In the second 

study, the hints would be used less often compared to the first study because they 

were optional. Therefore, it was expected that the effect of the modality principle 

 

 

would be smaller (see Clark and Mayer, 2011, for an overview of the effect of 

obligatory versus non obligatory pedagogical agents). 

 



 

The aim of study 1 was to check if hints containing a visual schema and audio 

explanations were more beneficial to students’ problem solving skills than hints 

containing only visual information.  

 





 This study was executed in 3 grade five classes in the Netherlands (11 to 12 

year old students). Within the classes, the students were matched in pairs on the 

basis of their problem solving test scores. From each pair the students were 

randomly assigned to one of the two conditions. In total, 41 students participated of 

which 20 were assigned to the audiovisual condition and 21 to the textvisual 

condition. The mean age of the students in the audiovisual condition was 11.28 

( = .33) and in the textvisual condition 11.44 ( = .40). The audiovisual 

condition included 10 girls and 10 boys, and the textvisual condition 9 girls and 12 

boys.  

 





 The aim of this test was to match the students and assign them randomly to 

one of the two conditions. The problem solving test consisted of 21 novel word 

problems. These items were similar to those in the Dutch standardised tests used 

by most elementary schools (CITO, 2002). The students had to finish this paper 

and pencil test in 30 minutes. For each word problem which was solved correctly, a 

score of 1 was awarded, while in total the students could obtain a score of 21. The 

reliability of the problem solving test was good, with a Cronbach’s α of .84.  

 



6

7

8

148 149 

 

and after viewing it, they told the researcher for a second time how they would 

solve the problem. To observe how the students analysed and planned the solutions 

to the problems, they were asked to verbalise their thoughts aloud. Two 

circumstances were important in this type of experiment (Ginsburg, 1983). First, 

the word problem had to be complex enough to induce students to think the 

content through properly and analyse the item. Simple word problems, which do 

not require much analysis, would not sufficiently invoke verbal responses. In our 

experiment quite complex items were therefore used to meet this condition. The 

second requirement was a minimal interference of the researcher when the 

students expressed their thoughts (Ericsson & Simon, 1993). For this reason, a 

protocol was used with strict rules regarding the questions and suggestions put to 

the students. 

If the first study produced the expected results, a second study would be 

conducted. Once it was established that audio hints improve students’ problem 

solving skills more than text hints, the modality effect could be tested in a computer 

programme in which the usage of hints was not obligatory. In most programmes 

aimed at improving students’ word problem solving skills, the provision of hints is 

optional (De Kock & Harskamp, 2014). This approach is in line with the general 

focus of word problem solving teaching. It is argued that students should initially 

learn to use the problem solving episodes by themselves and only use hints if they 

fail to proceed on their own. Care was taken that most items were difficult enough 

for the larger part of the students to need support.  

 

Research question 2: “What is the effect of hint modality in a computer programme 

for word problem solving on students’ problem solving skills, both during the use of 

the programme and afterwards in a test?”  

We assumed that the students would make use of the hints if they did not 

know how to proceed. We expected that they would use audio hints just as 

frequently as textbased hints (Atkinson, 2002), but that the first type of hints 

would improve their problem solving skills more than the latter. In the second 

study, the hints would be used less often compared to the first study because they 

were optional. Therefore, it was expected that the effect of the modality principle 

 

 

would be smaller (see Clark and Mayer, 2011, for an overview of the effect of 

obligatory versus non obligatory pedagogical agents). 

 



 

The aim of study 1 was to check if hints containing a visual schema and audio 

explanations were more beneficial to students’ problem solving skills than hints 

containing only visual information.  

 





 This study was executed in 3 grade five classes in the Netherlands (11 to 12 

year old students). Within the classes, the students were matched in pairs on the 

basis of their problem solving test scores. From each pair the students were 

randomly assigned to one of the two conditions. In total, 41 students participated of 

which 20 were assigned to the audiovisual condition and 21 to the textvisual 

condition. The mean age of the students in the audiovisual condition was 11.28 

( = .33) and in the textvisual condition 11.44 ( = .40). The audiovisual 

condition included 10 girls and 10 boys, and the textvisual condition 9 girls and 12 

boys.  

 





 The aim of this test was to match the students and assign them randomly to 

one of the two conditions. The problem solving test consisted of 21 novel word 

problems. These items were similar to those in the Dutch standardised tests used 

by most elementary schools (CITO, 2002). The students had to finish this paper 

and pencil test in 30 minutes. For each word problem which was solved correctly, a 

score of 1 was awarded, while in total the students could obtain a score of 21. The 

reliability of the problem solving test was good, with a Cronbach’s α of .84.  

 



150 151 

 



Via the computer programme six word problems plus hints were presented. 

To investigate the modality effect, two versions of this programme were 

constructed. In the text version, the hints consisted of visual schemas that offered a 

stepbystep depiction of the relationships in the problem situation and showed the 

way to a solution plan. The schemas were complemented by written explanations. 

In the audiovisual version, the schemas were combined with audio explanations, 

read by a human voice. Apart from the difference in hint modality, the two 

programmes were identical.  

 

 
Figure 6.1. Sample problem; the first and second columns show the visual schemas 
and content of the textbased hints. 
 

 

 

First, the word problem was shown, after which the student was asked to 

verbalise how it could be solved. Then, a hint was presented, consisting of a series 

of screens shown one after another. Each subsequent screen depicted more details 

of the problem situation and was supplemented by explanations. First, it was 

indicated how the problem should be read and analysed and after that how the 

solution could be planned. In both conditions, the hints were shown for as long as 

necessary. Figure 6.1 presents an example of a word problem combined with hints. 

In this example, the students had to calculate the distance covered by Bram from 

home, during training and back home. Difficulties could occur if students did not 

acknowledge that three laps had to be covered and that the distance from home to 

the training ground was identical to the distance back home. To support the 

students’ word problem solving process, a series of episodes was presented 

combined with hints. The first episode was reading and analysing. Here a visual 

schema was provided to sketch the situation referring to the word problem. The 

second episode was Exploring. Here textual and numerical information was added 

to the visual model. The last episode was planning. Here the hint dealt with 

integrating the situational model into a mathematical plan that should form the 

basis for a correct solution plan. 

 



Prior to the intervention, a problem solving test was administered to the 

students in our sample. Next, they were assigned to the audiovisual or the text

visual condition, and the intervention began. The students were asked to solve six 

word problems using hints. These six word problems and hints were presented in a 

fixed sequence. It was decided that for each word problem only one hint would be 

offered, which included the first four episodes (read, analyse, explore and plan) of 

Schoenfeld’s model (1992).  

The students worked on the problems in an individual setting under 

supervision of a researcher. After being presented with an item, the students were 

asked to explain to the researcher how they were going to solve it (solution plan). 

Next, the students were instructed to press a key on the keyboard of the computer, 

after which a hint appeared on the screen during a fixed time. In the audiovisual 
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condition, the hint consisted of a visual schema and spoken explanations (visual 

and audio mode of presentation). In the textvisual condition, the hint contained 

the same visual schema, but now combined with textbased explanations (text

visual mode of presentation). In both conditions the content of the hint 

information was identical. After the hint disappeared, the researcher asked the 

students to explain again how the problem could be solved. The procedure below 

describes how the programme was organised (see Table 6.1). 

 

Table 6.1 

Procedure of the intervention in the experimental conditions  

  
 
Asks the student to read 
aloud the word problem 
that you see  
 

 
Reads the word problem aloud 

 

Asks the student to explain 
step by step how you 
would solve this word 
problem 
 

Explains how the word problem can be 
solved or says that he/she does not know 
how to solve it 
 

1 min* 
 

Asks the student to click 
on the right arrow key to 
go to the hint 
 

Presses the right arrow key on the keyboard 
and watches the hint 

 

 
After presentation of the hint ….. 
 

 

 
Asks the student to explain 
how he/she would solve 
the problem now 
 

 
Explains how the word problem can be 
solved or says that he/she does not know 
how to do it 
 

 
1 min* 

Asks the student to click, 
to go to a new word 
problem 
 

Presses the right arrow key on the keyboard 
 

** 

*If students fell silent for more than 10 seconds they were encouraged to proceed 
by the request ‘please continue’.  
** 10 seconds after finishing the previous problem 



For each of the six word the students’ solution plans were compared to the 

model answers made in advance. Correct answers had to contain all elements 

 

 

presented in the answer model and produce the correct answer, for example 2 x 2.1 

added to 3 x 4.8 or a similar solution plan (see Figure 6.1). 

A score of 1 was given if the student’s answer was in agreement with the 

model answer. An incorrect or partly correct answer was scored as 0. The students 

obtained two scores for each word problem (before and after the hint). To calculate 

the reliability of this instrument Cronbach’s alpha was employed. It was shown that 

both before and after a hint the solution plan scores were sufficiently reliable: α = 

.70.  

 





 As a check on randomisation, the averages of the pretest of the audio

visual condition (M = 15.80, SD = 4.20) and the textvisual condition (M = 15.62, 

SD = 4.17) were compared. There were no differences between the conditions in the 

mean scores (t(39) = 0.14, p = .89). 

 



In summary, both before and after a hint was offered, the students 

delivered a solution plan, which was scored as either correct or incorrect. Table 6.2 

presents the average number of correct responses from the students before and 

after the hints were provided.  

 

Table 6.2  

Means and standard deviations of correct explanations of six problem items 
before and after hints were offered and the difference score 
 

 Before hints  After hints  Difference  

 (0  6)  (0  6)  (6  6) 

 M SD  M SD  M SD 

Audiovisual condition 2.15 1.46  5.25 1.12  3.10 1.71 

Textvisual condition 1.86 1.32  3.24 1.67  1.38 1.50 
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Before a hint was received, no differences were expected between the students’ 

solution plans. Although table 6.2 indicates a small difference between the audio

visual condition (M = 2.15, SD = 1.46) and the textvisual condition (M = 1.86, SD = 

1.32), this disparity appeared not to be statistically significant (t(39) = .68, p = 

.503). When estimating the differences in scores between the conditions after the 

presentation of hints, we wanted to make sure, however, to take possible small pre

hint differences between the groups into account.  

Table 6.2 indicates that after a hint was received, there were indeed 

differences in the students’ responses between the audiovisual condition (M = 

5.25, SD = 1.12) and the textvisual condition (M = 3.24, SD = 1.67). An analysis of 

covariance was performed with ‘condition’ as factor, ‘number of correctly 

verbalised solution plans before hints’ as covariate, and ‘number of correctly 

verbalised solution plans after hints’ as dependent variable. The analysis shows that 

the students in the audiovisual condition outscored their counterparts in the text

visual condition (F(1,38) = 20.02, p < .001). The difference between the two 

conditions is of a large size (d = 1.41); larger than the effect size (d = 0.66) in the 

first experiment of the study of Atkinson (2002) between the text only and voice 

only conditions.  

Furthermore, we checked for an interaction effect between condition and 

the number of correctly verbalised solution plans before the hints. We found that 

there was no such effect (F(1,37) = 3.28, p = .078). So, the effects of the two types of 

hints were equally beneficial. 

Therefore, hints with visual schemas in combination with audio 

explanations seemed substantially more beneficial for the formulation of solution 

plans than hints containing visual schemas and text explanations. But how did the 

students in the audiovisual condition benefit? The distribution of the difference 

scores of the two conditions may give an indication (see Figure 6.2). 

 

 

 

 
Figure 6.2. Distribution of the mean difference scores in the two experimental 
conditions. 
 

In the textvisual condition, there were 14 students whose solution plans 

had not much improved after display of the hints. With a total of six problems 

items they progressed on average 1 point or less. One student even performed 

worse after the hints than before and 5 students did not make any progress. 

However, 16 students in the audiovisual condition gained more than 1 point after 

being given hints. Only 4 students in this condition progressed only 1 point or not 

at all.   

These results could mean that in a textvisual condition hints are more 

difficult to process by the working memory. This may imply that hints with only 

visual elements are less effective in helping students improve their initial solution 

plans. In the audiovisual condition the hints were better understood while the 

students’ solution plans also improved. 

 



In this study, the effects were investigated of different hint modalities on 

students’ solution skills. It was demonstrated that hint modality is related to hint 

effect. Students who were given audiobased hints were more successful in 

improving their problem solution plans than students who were offered the same 

hints in writing. The students were given the hints after their first trial in making a 

solution plan. With each problem item, they had to study the hint in a fixed period 

of time and then produce a final solution plan. The time in which the hint 

information had to be processed was short, and under this circumstance audio 

explanations appeared to be the most effective.  
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But why was the audiovisual condition more effective? One explanation 

could be that information offered bimodally (audio and text) in a limited time 

frame is easier to process by the working memory than information offered only 

visually through an image with text. This is because the working memory consists 

of an audio and a visual function, and by presenting information coherently via 

both modes the knowledge load is divided and can be easier processed. 

Furthermore, the voice in the audiovisual condition might have triggered the 

students to pay more attention to the hint information. A human voice has more 

value as a social cue than written text (Clark & Mayer, 2011). This study seems to 

support the conclusions of Atkinson (2002), Moreno (2005) and Moreno, Mayer, 

Spires, and Lester (2001) about the effect of the modality of pedagogical agents on 

students’ thinking processes during problem solving. Students seem to be better 

able to improve their understanding of word problems if a human voice explains 

how to go about solving this type of mathematical question items. 

 



 



If in the first study support was gained for the expectation that audio hints 

are more effective than text hints, a second study could be undertaken. Our first 

study showed that in a situation where the use of hints and the available time to 

process them are controlled, audio hints indeed better enabled students to produce 

correct solution plans. In this study it was not tested, however, how students would 

operate if they were free in choosing hints or not, and if no time limitations were 

imposed on solving the problem items. Neither did we test the transfer effect of 

audio hints and whether the posttest performance of students in the audiovisual 

condition was better than that of students in the textvisual condition. These issues 

were therefore tested in a new experiment. 

In this experiment a computer programme with 48 word problems was 

used. In eight lessons six problem items were offered. With each problem the 

students had access to a hint. The hints had the same design as those in the first 

study. There were two programme versions: an audio hint version and a text hint 

 

 

version. The hints in both versions were accompanied by visual schemas. The 

difference between the hints was the mode of the explanations: audio (verbal) or 

text (written). 

 In each hint, the episodes read, analyse, explore and plan were presented in 

the respective sequence. The goal was to help the students understand the 

problem’s content and how to translate this knowledge into a mathematical 

solution plan. It was important that the hints contained just enough information to 

be helpful without giving away the answer to the problem item.  

To support the students in reading and analysing, a graphical schema was 

presented that depicted the problem situation. To give an indication of which 

mathematical knowledge had to be explored, this schema was further elaborated 

with textual and visual key elements from the word problem. The hint formed a 

stepbystep mathematical representation of the problem to support the student in 

constructing the solution plan (see Figure 6.4b).  

 The free choice of help only when needed, is an important characteristic of 

guided instruction, an instructional approach which many word problem solving 

programmes are based on (De Kock & Harskamp, 2014). This free choice renders 

students responsible for their own learning and makes them aware of where they 

are in their solution process, what the obstacles are and how to seek help (De Jong, 

2005).  

We wanted to investigate whether in guided instruction, the use of audio 

versus text hints had an effect on students’ skills in word problem solving. We 

expected that in the situations where students decided to choose help, audio hints 

would put less of a burden on the students’ working memory than visual hints, 

enabling them to process the information more actively and thoroughly (Moreno, 

2005).  

 



The participants in this study were 58 students from 4 grade five classes in 

the Netherlands, of whom 28 were assigned to the audiovisual condition and 30 to 

the textvisual condition. For both groups in the experimental design, pre and 

posttests were administered. The students of each class were randomly assigned to 
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the research conditions. The average ages of the groups were 11.67 years (SD = .40) 

for the audiovisual condition and 11.73 years (SD = .48) for the textvisual 

condition. The audio class comprised 16 girls and 12 boys and the text class 15 girls 

and 15 boys.  

 





Both before and after the experiment, all students had to make a problem 

solving test. The pretest contained 15 items and the posttest 20 (see Table 6.3). 

For the posttest, the 15 items of the pretest were slightly adapted, while 5 more 

complex items were added. The items were similar to those in the Dutch 

standardised tests for primary school grade 6 (CITO, 2002).  

 

Table 6.3 

Overview of two items of the problem solving test 



A farmer divides a plot of farmland into four equal parts. 

The plot is 10 m in width and 60 m long. 

How large is the area of each part? ___ m2 



Two friends, Peter and Sacha, each buy a TV set.  

They choose to pay in installments.  

Sacha pays 35 euro in 12 months.  

Peter pays his TV set in 18 months for 25 euro per installment.  

How much more does Peter pay than Sacha? € ___ 

 

For each problem solved correctly a score of 1 was awarded. In total the 

students could obtain 15 points for the pretest and 20 for the posttest. The 

reliability of the pre and the posttests as indicated by Cronbach’s alpha was .74 

and .81, respectively. This rate indicates a sufficient to good reliability of the 

 

 

instruments. Moreover, the tests were correlated (r = .77, p < .001), which means 

that they both measured the same problem solving skills. 

 



In the experiment, a webbased computer programme named PSHints was 

used. In total, 48 word problems were divided over 8 lessons. To each of the 

problem items hints were added. The items were taken from the computer 

programme of De Kock and Harskamp (2014). They required two or more 

calculation steps, which is generally perceived as difficult for students of the age of 

11 (Van der Schoot, 2008).  

We employed two versions of the computer programme, which differed in 

the way in which the explanations were presented in the hints. In the audiovisual 

condition, the students could request a hint in the form of a series of visual 

schemas combined with spoken explanations. In the textvisual condition, the 

schemas were accompanied by written explanations. In both conditions the word 

problems, the computer programme interface, and the display of the hints in terms 

of length and time were similar. 

Each student logged into the programme with their own unique login name 

and password. Next, they selected a lesson. Each lesson had a time limit of 20 

minutes, and in the interface of the programme a timer was displayed that 

measured the time from the moment when a student started with the first item. 

Apart from the problem item there was also a menu visible in the middle of the 

screen (see Figure 6.4a). In this menu three options could be selected: a) help, b) 

answer attempt, and c) feedback. The options “help” and “answer attempt” could be 

chosen directly while the third option (feedback) appeared after the word problem 

was completed. 

If students knew the answer they could click on the answer attempt button 

and type the answer in numbers and symbols. After the answer had been filled in 

and sent, the students immediately received a message whether it was correct. This 

message came as a popup. For each item there were two answer attempts allowed.  

Students could request the “help” option in case they did not know how to 

solve the item. This option provided the hint. If students chose a hint, a schema of 
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the problem situation appeared together with explanations at the right side of the 

screen (Figure 6.4a). The hint showed the situation in two or more steps and gave 

clues on how to formulate a solution plan. Figure 6.4b depicts an example of the 

sequence of the problem solving episodes in a hint. 

 
Figure 6.4a. Interface of the computer programme with a hint (textvisual 
condition). 
 

 
Figure 6.4b: a hint with three episodes to support the problem solving process: 
reading/analysing, exploring and planning (textvisual condition). 
 

In figure 4b, the first screen of the hint is focussed on the episode reading 

and analysing the problem. The aim is to support students in constructing a mental 

model of the problem situation. The second screen is meant to support the episode 

exploring. The student is triggered to explore his/her mathematical knowledge to 

analyse the relationship depicted in the schema. Next, further details are added to 

the schema. The third screen supports the episode planning. Here the hint helps 

the student in finding a mathematical solution plan. The sequence of screens 

provides a systematic overview of how to solve the problem. If students use the 

 

 

hints for a number of problems and follow the sequence of the episodes, they can 

learn a strategy which enables them to solve rather complex word problems. 

In both conditions the visual schemas in the hints were the same (with the 

written text replaced by spoken text in the audiovisual condition). At the bottom, a 

timer (rectangle with a blue visual indicator) showed for how long the information 

was going to be displayed. The duration of the hints was equal in both versions of 

the programme. After addressing a hint, another attempt could be made to solve 

the problem. After answering the item, the feedback option became available in the 

menu, which showed the correct solution. The students could compare their 

solution to this model answer. 

 



The experiment started with the problem solving pretest. After randomly 

assigning the students to either the audiovisual or the textvisual condition, they 

were granted 30 minutes to complete this paper and pencil examination.  

The whole intervention entailed 8 lessons during which the students 

worked with the computer programme under supervision of a researcher. For every 

student a computer was reserved so that they could work individually. In each 

lesson 6 word problems were offered, which had to be completed in 20 minutes. 

Before each lesson, 5 minutes were planned for the necessary organisational 

aspects of the intervention. Before the first lesson, the students received a preflight 

training of 40 minutes. In this training the use of hints was practised and the 

students were asked to predict whether or not they would need them. After that, 

the students were trained in the systematic use of the four episodes and how to 

recognise them in each hint. After the training, two lessons each week were 

organised with the programme for a total of 4 weeks. Finally, all students 

participated in the problem solving posttest. Based on the results of both tests, the 

effect of the training could be determined.   
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The students were randomly assigned to one of the two conditions. To 

check whether the two groups did not differ in their problem solving skills, a pre

test was administered at the beginning of the experiment (see Table 6.4).  

 

Table 6.4 

Students’ pretest scores: means and standard deviations 

 Solving word 

problems 

 (015) 

 M SD 

Audiovisual condition 7.93 2.96 

Textvisual condition 7.43 3.34 

 

Table 6.4 shows the mean scores of the students in both conditions. It 

seems that the students in the audiovisual condition (M = 7.93, SD = 2.96) 

performed slightly better in the pretest than the students in the textvisual 

condition (M = 7.43, SD = 3.34), although an independent ttest indicated that 

these differences were not significant (t(56) = 0.60, p = .54). In the statistical test 

of the audiovisual condition’s effect versus the textvisual condition’s effect in the 

posttest, however, we made sure to take this pretest outcome into account. 

 



All students managed to take part in the 8 computer lessons and there was 

noone who missed a session. Table 6.5 presents an overview of the use of the 

computer programme for both conditions.  

Table 6.5 demonstrates that the mean number of word problems finished was 

almost equal for both groups. Both mean averages of the number of items done 

closely corresponds to the maximum number of word problems (48) offered in the 

 

 

computer programme, while the standard deviation in both conditions is low. This 

implies that most students were able to finish almost all of the items. With regard 

to the number of items solved correctly, the audiovisual group (M = 36.68, SD = 

7.30) performed better than the textvisual group (M = 29.90, SD = 10.74): the 

audiovisual condition outperformed the textvisual condition (t(51.317) = 2.826, p 

< .001). The opposite applied to items solved incorrectly. Table 6.6 shows how 

successfully the hints were used. 

 

Table 6.5 

Number of word problems finished and solved: means and standard deviations 

 Word 

problems 

finished 

 Correctly 

solved word 

problems 

 Incorrectly 

solved word 

problems 

 (048)  (048)  (048) 

 M SD  M SD  M SD 

Audiovisual condition  47.64 0.78  36.68 7.30  10.96 7.12 

Textvisual condition 47.50 1.36  29.90 10.74  17.60 10.41 

 

 

Table 6.6 

Usage of hints and problems solved: means and standard deviations 

 Word 

problems with 

hints 

 Correctly 

solved with 

hints 

 Percentage of 

time used 

per hint 

 (048)  (048)  (048) 

 M SD  M SD  M SD 

Audiovisual condition  11.71 7.12  7.07 4.88  93 8 

Textvisual condition 15.17 7.95  7.10 3.38  88 11 
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Table 6.6 indicates that the students used hints with some of the problems. 

In the audiovisual condition they made less use of them (with 11.71 of the 

problems) than in the textvisual condition (15.17 of the problems), however, this 

difference was not statistically significant (t(56) = 1.737, p = .088). The audio

visual group used on average 93% of the time available per hint and the textvisual 

condition condition 88%. So, the audiovisual condition used on average fewer 

hints but spent more time on processing their content.  

After using hints, the audiovisual condition solved 60% (7.07 / 11.71) of 

the problems correctly whereas for the textvisual condition this percentage was 

47% (7.10 / 15.17). Figure 6.5 shows that this was the case in almost all of the eight 

lessons. The effectiveness of the audiovisual group was persistently higher during 

the entire programme. This group clearly seemed to profit more from the use of 

hints than the textvisual condition.  

 
Figure 6.5. Proportion of word problems solved correctly after the use of hints.  

 

The data suggest that students in the audiovisual condition used hints less, but 

spent more time on them and were more successful in using them. Overall, the 

audiovisual condition profited more from the programme than the textvisual 

condition.  

 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1 2 3 4 5 6 7 8

Pr
op

or
tio

n 
co

rr
ec

tly
 s

ol
ve

d 
w

or
d 

pr
ob

le
m

s 
w

ith
 h

in
ts

Lesson

audiovisual

textvisual

 

 





 It was expected that the audio group would perform better in the posttest 

than the text group. All participants completed the test (see Table 6.7).  

 

Table 6.7  

Students’ posttest scores: means and standard deviations 

 Solving word 

problems 

 Solving word 

problems 

(020)  (020)* 

M SD  M SD 

Audiovisual condition 13.93 2.98  13.69 2.52 

Textvisual condition 11.83 4.84  12.22 2.73 

*=corrected for pretest problem solving 

 

In table 6.7, the mean score of the audiovisual condition (13.93) seems higher than 

that of the textvisual condition (11.83). In the final analysis of the posttest results, 

the small difference between the two conditions in the pretest was taken into 

account. We conducted an ANCOVA with the pretest scores as covariate, condition 

as independent variable and the posttest scores as dependent variable. The last 

row in table 6 includes the corrected means of the posttest scores for both 

conditions.   

  The ANCOVA reveals that the predicted main effect of the audiovisual 

condition was significant (F(1,55) = 5.080; p = .028). The difference between the 

two conditions was of an intermediate size (d = .58). Although this effect size is 

smaller than in the first study, the results do indicate that the audiovisual 

condition led to better results than the textvisual condition. We also checked 

whether the influence of the two conditions on the relatively high or lowskilled 

problem solvers was larger in the posttest. There was no significant interaction 

effect between the pretest and the condition on the posttest results (F(1,54) = 

3.503; p = .067). 
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Correlational analysis showed that there was a strong relationship between the 

number of problems solved correctly in the programme and the posttest scores (r 

= .79, p < .001). Even after correction for pretest achievement, this correlation 

remained strong (r = .55, p < .001). One may therefore assume that the larger 

number of problem items solved correctly in the programme by the audiovisual 

contributed to their higher score in the posttest. 

 



In this second study, the effect of hint modality on students’ problem 

solving skills was examined. Although hints were used for only part of the problem 

items in the programme, it was nevertheless demonstrated that the audiovisual 

version led to a higher percentage of items solved than the textvisual version. The 

posttest scores showed a distinct difference between the two conditions. 

Therefore, there is evidence that the use of audiovisualbased hints (containing 

visual schemas and audio explanations) yields a higher percentage of problems 

solved correctly and a better improvement of students’ problem solving skills than 

the use of textvisualbased hints (containing visual schemas and text 

explanations). However, as the students were free in deciding whether or not to use 

hints – which means that they also solved problem items without them – we could 

not establish a direct relationship. When there is free choice, hints (or other types 

of instructional support) are only used if needed (Aleven & Koedinger, 2000; 

Baker, Corbett, & Koedinger, 2004). As the students in the audiovisual condition 

used the hints more effectively in the programme and achieved a higher solution 

rate, it is likely that as a consequence they solved more problems independently in 

the posttest than their counterparts in the textvisual condition. The more effective 

use of the hints in the programme may have led to their higher posttest scores. 

 



 

In both studies, primary school students were offered hints when solving word 

problems. In the first study, six complex items had to be completed. One group of 

students was given audiovisual hints (visual schemas accompanied by 

 

 

explanations of a human voice) while another group received hints with solely 

visual elements (visual schemas combined with textual explanations). It was tested 

whether the solution plans of the students in the first group improved more than 

those of the students in the second group. As this was the case, this study indeed 

indicated that audio explanations combined with visual information are better 

understood by students than text explanations combined with visual information. 

So since this study yielded positive results, a second experiment was undertaken. 

For this second study, 48 word problems with hints were implemented in a 

computer programme. Again there were two groups of students, an audiovisual 

and a textvisual condition. This time, the students were free to decide whether 

they did or did not want to use the hints. The aim was to find out if the students in 

the audiovisual condition used the hints more successfully in the programme and 

better improved their problem solving skills (as indicated by the posttest) than the 

students in the textvisual condition.  

In this experiment the students did not use hints in all of the problems. On 

average they used them for 25% of the items. Other reseachers have reported a use 

of hints of 50% of the word problems in their programmes (Jacobse & Harskamp, 

2009; De Kock & Harskamp, 2014). Probably, in our programme, some of the 

problems were not so difficult that the students needed help. As help tends to slow 

down the speed of the problem solving process, students will use hints only when 

they do not know how to start or proceed (Baker, Walonoski, Heffernan, Roll, 

Corbett, & Koedinger, 2008). The higher success rate in hints use in the audio

visual condition may have contributed to the students’ improved understanding of 

the use of Schoenfeld’s episodes for solving problems. Therefore, the audiovisual 

condition may have developed a more systematic problem approach. However, in 

this study we were not able to show a direct relationship between a successful use 

of hints and overall success throughout the programme.  

Nevertheless, what counts most is that the students in the audiovisual 

condition solved a larger number of problems correctly in the programme. And our 

analysis has shown that this factor directly contributed to the higher scores of this 

group in the posttest.  
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Both experiments showed that audiovisual hints better improved the students’ 

results in solving problems than visual hints. In the first study, the number of 

correct solution plans was higher for the use of audiovisual hints than for the use 

of visualhints. In the second study, the use of audiovisual hints led to a larger 

amount of correctly solved word problems in both the computer programme and 

the posttest. The question is, however, if audiovisual hints better improved 

students’ understanding of the problem situations and the solution plans than 

visual hints. The first study seems to answer this question affirmatively. It supplies 

evidence that information transferred via the human voice gives students more 

insight into their solution strategy choices than visual textbased information. 

However, there are different  in fact, two alternative  ways of explaining this 

outcome. One is that it is the result of the modality of the hints. An audio hint 

burdens the working memory to a lesser extent than a text hint. That is why 

students understand audiovisual hints better than visual hints. The other 

explanation could be that the outcome is related to the human voice as such. 

Instruction presented by a human voice in a conversational style is a social cue that 

attracts the listener’s attention to a larger degree than a text presentation. It cannot 

yet be claimed with certainty which explanation is correct, but perhaps the answer 

lies in a combination of the two (Moreno, 2005; Clark & Mayer, 2011). For our 

research, however, this is not the most important question. For educational 

purposes it is important to know that optional audio hints have an extra impact on 

students’ word problem solving skills. In the experiment we tried to prove this 

premise. But because it was not possible to check the students’ actual 

understanding of the hints, we had to rely on their successes in solving the 

problems provided by the programme. We found that in the audiovisual condition 

the students were more successful. And although we suggested that this result 

might be explained by the difference in hint modality, we have no direct evidence to 

support this proposition.  

 Future research should therefore focus on the hints use of the individual 

student. Relevant questions in this context are:  

 

 

 

1) Why does a student choose to address a hint? To establish the effects of hints it is 

important that students only use them if they really need them. Hints should not be 

addressed randomly (Gräsel, Fischer, & Mandl, 2001; Slavin & Lake, 2008). Future 

empirical study designs may enable one to identify the stimuli that enhance 

students’ eagerness to use hints. Furthermore, the choice to request for 

instructional help could also be influenced by students’ personality characteristics 

(Capuano, D´Aniello, Gaeta, & Miranda, 2015; Zhang, De Pablos, & Xu, 2014). 

Apparently, as we have seen in our research, briefness, clarity and helpfulness of 

hints are not the determining factors of their use. Perhaps their use increases if the 

hints are personalised by adapting the gender of the hint voice, the language 

(formal or informal) and/or the measure of politeness (e.g. Clark & Mayer, 2011). 

Hints use may also be increased by introducing the rule that when a student fails to 

give a correct first answer, seeking assistance becomes compulsory. A relevant 

question is then whether this group of students accepts this help and effectively 

uses the information to improve their solution skills (Aleven & Koedinger, 2000; 

Baker, Corbett, & Koedinger, 2004).  

 

2) How does the use of hints improve students’ solution processes and a systematic 

approach to problem solving? To what extent do students understand the hint 

information and connect it to their solution processes? Our first study showed that 

thinkaloud protocols are useful in making students verbalise their thoughts. 

Perhaps in future studies they can be asked to explain how hints influence their 

solution plans. It will then be clarified in more detail what impact hints  as short 

presentations of a sequence of episodes – have on students’ systematic problem 

solving skills (Kramarski & Gutman, 2006; Verschaffel, De Corte, Lasure, Van 

Vaerenbergh, Bogaerts, & Ratinckx, 1999).  

 

3) What are the differences in use between audio and text hints? It is well known 

that audiovisual instruction is more timeconsuming than visual instruction. That 

is why the coaching has to be brief. It would therefore also be interesting, for 

example, to have students solve six problems with access to audiovisual hints and 

another six with access to visual only hints, and have them explain their hints use 
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Both experiments showed that audiovisual hints better improved the students’ 
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with each problem as well as which modality they appreciate the most and why. 

Further study of the modality effect could offer an important contribution to the 

knowledge about the development of more effective support measures for 

improving students’ word problem solving skills through instructional aids, such as 

hints and pedagogical agents (Clarebout, Elen, Johnson, & Shaw, 2002; Clark & 

Mayer, 2011). 
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Problem solving is a typical 21st century skill. Jobs increasingly involve a mixture 

of routine tasks and problem solving, for example in the development of new 

services and products. To solve problems in the areas of finance, computer 

technology, software design, medicine and other related fields, knowledge of 

mathematics is crucial. Therefore, students should be educated in mathematics and 

problem solving already from an early age, starting during their general education 

and continuing later on in the form of professional training (ACME, 2011; Hodgen 

& Marks, 2013). 

 Already in primary school, students begin to learn solving word problems. 

The exercises offered generally contain new problem situations in an everyday 

context. The students are asked to analyse these situations and find mathematical 

solutions to them. Word problems play an important role in mathematics 

education, both in the mathematics textbooks and in the standardised tests (Martin 

& Mullins, 2013). Many students, however, find it hard to apply their mathematics 

knowledge to word problems, and have difficulty in solving them successfully 

(Capraro, Capraro, & Rupley, 2012; Jacobse, 2012; Verschaffel et al., 1999; Vicente, 

Orrantia, & Verschaffel, 2007).  

Throughout the past decades, computer programmes have been designed 

to provide instructional support and feedback in word problem solving (Adams et 

al., 2014; Li & Ma, 2010). Many of these programmes are based on the problem 

solving episodes of Schoenfeld (De Kock & Harskamp, 2014). They are aimed at 

promoting students’ selfregulating skills by focussing on the following stages, 

labelled episodes: a) understanding the problem situation (episodes: read/analyse 

and explore); b) finding a solution plan (episodes: plan and implement) and c) 

checking the answer (episode: verify). These programmes help students in 

determining how to go about solving the problem items by offering hints with each 

of the episodes. The use of hints is aimed at facilitating students in learning to 

develop a systematic approach to solving word problems (Hegarty & Kozhevnikov, 

1999). Quasiexperimental research by Kramarski and Gutman (2006), Teong 

(2003), Chung and Tam (2005), Jacobse (2012), and Jacobse and Harskamp 

(2009) showed that under the supervision of researchers the use of word problem 
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solving programmmes led to moderate to large improvements in students’ problem 

solving skills. However, it also appeared that these programmes became less 

effective when used by the teachers (Dignath & Büttner, 2008; De Boer, Donker, & 

Van der Werf, 2014). In order to implement these programmes effectively, teachers 

therefore need sufficient initial classroom training and coaching (Groff & Mouza, 

2008).   

The computer programme used in our studies had already been tested in 

the studies of Jacobse (2012). We started our research by investigating whether the 

programme could be successfully implemented by primary school teachers. If the 

teachers and their students were indeed able to use the programme effectively in 

their daily practice, it would be worthwhile to undertake further studies to improve 

the programme. To enhance the programme, we studied whether an adaptation of 

the hints could lead to an increase in their usage and eventually to a further 

improvement of the students’ problem solving skills. We addressed the following 

questions: 1) Can a computer programme for word problem solving be successfully 

implemented by teachers in their mathematics lessons?, and 2) Will adaptations to 

the instructional support in the programme lead to more frequent use of hints, 

more successful use of the computer programme, and further improvement of the 

students’ word problem solving skills?  









In chapter 2 it was studied whether a hintsbased computer programme for 

word problem solving was suitable for implementation by teachers in primary 

education. For the duration of ten weeks, 280 grade five students from 12 classes 

formed the experimental sample. They worked with the computer programme 

during one lesson a week, while using their mathematics textbook during the 

remaining lessons. With each of the 80 problem items, the programme provided 

hints plus procedural questions and contentspecific suggestions for the problem 

solving episodes mentioned above (Schoenfeld, 1992). The contentspecific 

suggestions consisted of a visual representation accompanied by explanatory text. 

 

 

In the control condition, 110 grade five students from 6 classes worked during the 

same period only with their mathematics textbooks, and had no access to the 

computer programme. The teachers in the experimental condition were asked to fill 

in a logbook. From the logbooks it appeared that the teachers were capable of 

deploying the computer programme next to the mathematical textbooks. The 

teachers used the logfile data of the programme to check  at the classroom level  

whether the students made progress and if there were any students who lagged 

behind. The teachers did not check the individual students’ performance in detail. 

They claimed that their time was too limited because of more pressing school 

matters.  

In the experimental condition, the students succeeded in finishing most 

word problem items in the programme. Throughout the lessons, they were able to 

solve approximately between 6080% of the problems correctly. The hints were 

requested for an average of 33% of the items. While the usage of hints declined over 

time, the proportion of correctly solved problems with the aid of hints remained 

stable. Using the computer programme in addition to the mathematics textbooks 

improved the students’ word problem solving skills more than the use of the 

mathematical textbooks only, as in the control condition (d = .49).  

The study showed that the teachers were capable of implementing the programme 

and attaining positive results for their students. Still, the teachers would need more 

coaching in order to make optimum use of the programme and support their 

individual students. 

 



 In chapter 3, the effect of the content of the hints was investigated. Two 

conditions were compared. In the first, students were guided through the episodes 

of Schoenfeld (1992) via procedural hints. They were given only general questions 

and clues during the episodes. In the proceduralcontent condition, the hints 

offered both procedural and contentspecific clues. The latter gave directions on 

how to apply the episodes to a specific problem: e.g. they helped build a visual 

schema of the problem situation, suggested which mathematical relationships 

played a role in the problem, and finally helped the students in drawing up a 
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schema to plan the mathematical solution to the problem. (The hints in the 

proceduralcontent condition were the same as those provided in the computer 

programme in chapter 2).  

In the study, in total 105 grade six students were randomly assigned 

between the two conditions: proceduralonly versus contentprocedural. After a 

brief training, the students of both conditions participated in five lessons. They all 

managed to finish most of the word problems offered. In the proceduralcontent 

condition, hints were used for a larger number of problem items than in the other 

setting. The students also solved more problems correctly than those in the 

proceduralonly group. In addition, in the proceduralcontent condition the 

number of items solved correctly was more positively related to the usage of hints 

than in the proceduralonly condition. Finally, the scores on the problem solving 

posttest showed that the students in the proceduralcontent condition scored 

higher than their peers in the proceduralonly setting. According to the criteria of 

Cohen (1988), the effect size was moderate (d = .53). This result, however, can be 

regarded as quite considerable, taking into account that the students in both 

conditions received help and were able to practise. We therefore conclude that 

contentprocedural support has a higher impact on the improvement of students’ 

problem solving skills than proceduralonly help. The result is in line with recent 

findings of, for instance, Bulu and Pedersen, (2010), and Lee, Lim, and Grabowski 

(2010), who argue that in order to support students effectively in solving word 

problems, hints should not only contain procedural clues but also contentrelated 

information.  





 Chapter 4 focussed on the question whether solving word problems in 

dyads with the help of hints better improves students’ problem solving abilities 

than working individually. Two groups were formed, of which one was assigned to a 

collaboration version of the computer programme and the other to an individual 

version. In the collaboration version, hints related to the read/analyse episode were 

given to the student who played the role of reader and hints associated with the 

planning and implementing episodes to the student who played the role of planner. 

 

 

In this context, the students needed each other’s contributions and agreement in 

order to solve the problem. With each problem item they switched roles. In the 

individual condition, the students could consult all available hints to help them 

solve the items.  

 After two pretraining sessions, 66 grade five students of five classes were 

randomly assigned during class between the two conditions: collaborative problem 

solving versus individual problem solving. In both conditions the students were 

offered nine lessons. During the lessons, the students in the collaboration condition 

spent more time in the computer programme than their peers in the individual 

setting. However, the students in the individual condition managed to complete 

more problem items than their collaborating peers. Still, when the students in the 

collaboration condition started to work on the word problems they used hints more 

frequently than their peers in the individual condition. When they started to work 

on problems this also lead to more successfully completed items then in the 

individual condition. The difference (in percentage of problems students started 

and solved correctly) between the two conditions became increasingly clear during 

the course of the experiment. Yet, according to the results on the problem solving 

posttest there was no difference in student achievement between the two 

conditions. Perhaps, in the collaborative condition the number of lessons during 

which the students worked with the programme was too limited to enable them to 

learn to cooperate efficiently enough to solve more problems correctly than their 

peers in the individual condition. This phenomena is also observed in other studies 

of collaboration in primary education (Prinsen, Volman, & Terwel, 2006; 

Lipponen, Rahikainen, Lallimo, & Hakkarainen, 2001).  

 



 In chapter 5 we described an explorative study about the effect of hints for 

the episode read/ analyse versus hints for the episode explore on the quality of 

students’ solution plans. The goal was to find out if the hints for the episode explore 

had an extra effect, compared to the effect of read/analyse hints. If there was an 

extra effect then one may conclude that the explore hints gave students extra help 
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and should be maintained in word problem solving programmes. If, however, there 

was no extra effect then the explore hint could be left out.  

In an individual test setting, students received a hint for either the episode 

read/analyse, the epsiode explore, or a placebo hint. Students receiving a hint for 

the episode read/analyse were requested to select the core information in the text. 

The hint was aimed at enhancing their understanding of the problem situation and 

guiding them through forming the solution plan. Students receiving a hint for the 

episode explore were presented with a visual model depicting the mathematical 

relationships in the problem situation. Here the students had to explain the 

information in the hint. Apart from helping the students understand the problem 

situation, this hint also pointed them at the mathematics knowledge they needed to 

apply to solve the problem. Finally, there was a control condition where students 

received a placebo hint. It contained two pictures from which the students had to 

choose the one that was the closest related to the word problem.  

Fifty seven grade five students from five classes participated in this study. 

These students were randomly assigned to the three research conditions; there 

were 19 students in the read/analyse condition, 19 in the explore condition, and 19 

in the control condition. The three groups were offered the same word problems. 

For each problem item the students were requested to explain their solution plan 

before and after a hint was provided. The results showed that the students who 

used hints for one of the problem solving episodes were more successful in solving 

the items than their counterparts in the control group. However, the students who 

received explore hints did not perform better in formulating their solution plans 

than those who worked with read/analyse hints. This result could imply that the 

students in the read/analyse condition benefited just as much from the underlined 

key information in the word problem text as their counterparts in the explore 

condition who were shown visual representations of the relationships in the 

problem situation. The read/analyse hints may not only have triggered the 

visualisation of the problem situation but may have helped establish the numerical 

relationships in a problem in the same way as the explore hints did. So the active 

processing of underlined relevant information may be equally beneficial for the 

mental representation of the relevant relationships in a problem as a visual image 

 

 

(Hegarty, Mayer, & Monk, 1995). The outcome would imply that a computer 

programme for word problem solving could suffice with read/analyse hints and 

leave out hints for the episode explore. However, as there were only six problems to 

practice and we did not measure the transfer effect of the use of hints in a posttest 

problem solving, it is too early to conclude that explore hints have no extra effect.  

 



 In chapter 6, two studies were conducted to test whether the hints in the 

computer programme could be made easier to understand by the students. To this 

end, the textual explanations and the visual images were made easier to process. In 

an audiovisual condition, the first three episodes were supported by visual 

schemas combined with audio explanations. In a visualonly condition, the same 

information was presented via visual schemas combined with written text. The 

latter approach was also conducted in the research described in the previous 

chapters.  

 In the first study, 20 students of the fifth grade were assigned to the audio

visual condition and 21 students to the visualonly group. The students were asked 

to explain how they would solve the problem items both before and after a hint was 

offered. This was done for six word problems. The results showed that the students 

who had received audiovisual hints were better capable of explaining their 

solutions correctly than their peers who had been offered the visualonly hints.  

 In a second study, we examined whether students’ word problem solving 

skills would also improve after a free choice between audiovisual hints and visual

only hints. In this study, two groups of grade five students participated in eight 

lessons in which they were asked to solve word problems in a computer 

programme. Twenty eight students had a programme with audiovisual hints and 

thirty students used a programme with visualonly hints. It appeared that in both 

conditions the students were able to finish almost all word problems in the 

programme. The students in the audiovisual condition used hints less frequently 

but more successfully than their counterparts in the visual only condition. In the 

posttest, the students in the audiovisual condition outperformed the students in 

the visualonly condition.  
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programme for word problem solving could suffice with read/analyse hints and 

leave out hints for the episode explore. However, as there were only six problems to 

practice and we did not measure the transfer effect of the use of hints in a posttest 

problem solving, it is too early to conclude that explore hints have no extra effect.  

 



 In chapter 6, two studies were conducted to test whether the hints in the 

computer programme could be made easier to understand by the students. To this 

end, the textual explanations and the visual images were made easier to process. In 

an audiovisual condition, the first three episodes were supported by visual 

schemas combined with audio explanations. In a visualonly condition, the same 

information was presented via visual schemas combined with written text. The 

latter approach was also conducted in the research described in the previous 
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who had received audiovisual hints were better capable of explaining their 

solutions correctly than their peers who had been offered the visualonly hints.  
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skills would also improve after a free choice between audiovisual hints and visual
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lessons in which they were asked to solve word problems in a computer 
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The results of the first study seem to support our expectation that an audiovisual 

presentation of new and complex information is better understood by students 

than a visual only presentation (Clark & Mayer, 2011). The second study indicates 

that audiovisual hints have a stronger positive effect on the improvement of 

students’ problem solving skills than visualonly hints.  





 

In this dissertation, we examined whether a computer programme for word 

problem solving was sufficiently suitable for implementation by teachers in their 

mathematics lessons. Furthermore, we investigated whether adaptations to the 

programme’s instructional support would lead to a more frequent use by the 

teachers and to improved word problem solving skills of students. In this section, 

the main findings of Section 7.2 are discussed. Section 7.3.1 deals with the 

implementation, and sections 7.3.2 to 7.3.4 are focussed on the adaptations to the 

instructional support delivered by the programme.  

 



The implementation study (Chapter 2) showed that the computer 

programme was usable and effective in school practice. It appeared to be no 

problem for the teachers to include the computer programme sessions of the 

individual students in their daily mathematics lessons. All 12 teachers that started 

to use the programme also finished it. The students of the 12 classes finished 

almost all of the 80 items in the programme (M= 73, SD = 7.13). The teachers 

organised their classes in such a way that students could skip most of the word 

problems in their textbook and instead work on the items in the computer 

programme. The teachers sometimes used the episodes of problem solving from the 

computer programme to explain word problem solving to their students. But they 

made little progress in their use of the episodes during this study. Almost all 

teachers checked their students’ performance in the computer programme every 

week. But, they hardly used the information to provide extra instruction or to help 

 

 

students who had low scores. The teachers claimed that their was too little time in 

their lesson schedule to pay attention to the work of the individual students.  

The students consulted hints for 32% of the items. On average the students 

succeeded in answering 60% to 80% of the problems correctly. Students gave 

incorrect answers sometimes, but did not always use the hints. With more frequent 

use of hints the students could have been more successful. Hints use was lower 

than in the experiments by Jacobse and Harskamp (2009), which show a hints use 

for 50% of the problem items in the programme.  

We may conclude that the programme was usable in school practice, but 

not implemented fully. To improve programme implementation and make teachers 

help their individual students, extensive coaching will be needed in lesson 

preparation and during class.  

 



Research by Jacobse (2012) indicated that students used hints for at least 

half of the problem items offered. This programme was successful. But, students 

still used hints and did not solve the items or they did not use hints for items they 

could not solve. We assumed that if students would use hints more frequently and 

with more success in solving the items then the programme would be more 

effective in the posttest the students took.  

In our research, we provided students with more complex problems that 

were just a step beyond the students’ scope of mastery. We expected that in this 

way the students would use more help than the participants in Jacobse’s 

studies.We also changed the content and modality of the hints to make them more 

effective and again entice the students to use the hints more frequently. However, 

during supervision by the teachers no high frequency of hints usage (32%) was 

obtained (chapter 2). Neither were the hints frequently used when the programme 

was supervised by a researcher: 22%  28% reported in chapter 3 (the experiment 

with contentrelated and procedural hints) and 25% – 32% reported in chapter 6 

(the experiments with audio versus text hints). Only in the collaboration study 

(chapter 4) did the students use hints more often, approximately 70% on average in 

the collaborative condition and 50% on average in the individual condition. In the 
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during supervision by the teachers no high frequency of hints usage (32%) was 

obtained (chapter 2). Neither were the hints frequently used when the programme 

was supervised by a researcher: 22%  28% reported in chapter 3 (the experiment 
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(the experiments with audio versus text hints). Only in the collaboration study 

(chapter 4) did the students use hints more often, approximately 70% on average in 

the collaborative condition and 50% on average in the individual condition. In the 
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individual setting, the rate of hints use was probably triggered by the provision of 

feedback at the start of each session about how the students used the programme. 

In the collaborative condition, the hints use might have been higher because the 

students had to play a role; the hints served as input to perform this role. A 

disadvantage of hints use as input for group discussion is, however, that it is more 

timeconsuming than individual hints use.  

Students are reluctant to use hints. For 7% to 23% of the items in chapter 2, 

3 and 6 the students gave incorrect answers but consulted no hints. This issue may 

be related to the way in which the students used the hints. Our study in chapter 2 

indicates that when using hints, the students tended to do so for all episodes. 

Apparently, they preferred support during the entire problem solving process over 

help which was limited to the episode which they had difficulty with. Another 

explanation could be that the students did not know precisely where in the problem 

solving process (in which episode) they needed help. Hence they addressed all hints 

available.  

Also other researchers have found that students tend to use help sparingly, 

and only when they do not know how to start or proceed. Once students have 

decided they need help, they want to address the full scale of support (Baker, 

Walonoski, Heffernan, Roll, Corbett, & Koedinger, 2008; Roll, Aleven, McLaren, & 

Koedinger, 2011).  

The results of chapter 2 suggest yet another explanation for the limited 

hints use: during the course of the programme students may become better 

problem solvers. In addition to a decline in hints use, we observed a stable number 

of items solved correctly, while their difficultly increased. This finding could mean 

that during the experiment the students’ problem solving skills improved.  

Another aspect regarding the issue of hints use is the free versus obligatory 

aspect. The effect of a compulsory use of hints was high. In chapter 5 and 6a, only a 

small number of problems were offered, while hints were presented with each of 

them. In our experiments, the students were willing to process the compulsory 

hints. We do not know, however, how students would respond if a programme 

entirely based on compulsory hints was offered.  

 

 

But, for solving problems independently it is important students learn to 

recognize when they are not able to proceed with a problem on their own and how 

to use help in the process. These are important metacognitive skills that enhance 

learning how to solve word problems (Jitendra, Star, Starosta, Leh, Sood, Caskie, & 

Mack, 2009; Kramarski & Friedman, 2014).  

Our research did not indicate that changing content or modality of hints 

increased the frequency of hints use. For the improvement of hints use, two 

approaches seem promising, however. First, there are the hints in the collaborative 

setting. It could be expected that whenever hints are used to fulfil roles which 

create a common ground for cognitive elaboration, the hints are used more 

frequently than in an individual setting. Second, in the individual condition, hints 

use could probably be improved by making them mandatory whenever the initial 

answer to the problem item is incorrect (Koedinger & Nathan, 2004).  

 



A second topic was whether the hints offered in the programme could be 

made more effective. Chapter 5 showed that a hintsbased programme is more 

effective in improving students’ skills in formulating correct solution plans than a 

programme without hints. This finding indicates that hints have a positive impact 

on word problem solving success. In chapter 3, we found that hints containing 

contentspecific information on the application of the episodes are more effective 

than hints consisting of merely general directions about the episodes. In other 

words: students need information for identifying the specific problem situation 

described in the item (episode read/analyse) and mapping out its mathematical 

relationships (episode explore) to formulate a correct solution plan (episode Plan) 

(Hegarty & Kozhevnikov, 1999). For these episodes contentrelated information 

makes the hints more effective.  

We also found that when processed in dyads, hints are more beneficial than 

when used individually. Chapter 4 indicated that when the students in the 

collaborative setting start a problem they often used the hints, but they also often 

solved problems in the programme correctly. It appeared that the discussions about 

the hint information contributed to the problem solving process. However, the 



7

8

184 185 

 

individual setting, the rate of hints use was probably triggered by the provision of 

feedback at the start of each session about how the students used the programme. 

In the collaborative condition, the hints use might have been higher because the 

students had to play a role; the hints served as input to perform this role. A 

disadvantage of hints use as input for group discussion is, however, that it is more 

timeconsuming than individual hints use.  

Students are reluctant to use hints. For 7% to 23% of the items in chapter 2, 

3 and 6 the students gave incorrect answers but consulted no hints. This issue may 

be related to the way in which the students used the hints. Our study in chapter 2 

indicates that when using hints, the students tended to do so for all episodes. 

Apparently, they preferred support during the entire problem solving process over 

help which was limited to the episode which they had difficulty with. Another 

explanation could be that the students did not know precisely where in the problem 

solving process (in which episode) they needed help. Hence they addressed all hints 

available.  

Also other researchers have found that students tend to use help sparingly, 

and only when they do not know how to start or proceed. Once students have 

decided they need help, they want to address the full scale of support (Baker, 

Walonoski, Heffernan, Roll, Corbett, & Koedinger, 2008; Roll, Aleven, McLaren, & 

Koedinger, 2011).  

The results of chapter 2 suggest yet another explanation for the limited 

hints use: during the course of the programme students may become better 

problem solvers. In addition to a decline in hints use, we observed a stable number 

of items solved correctly, while their difficultly increased. This finding could mean 

that during the experiment the students’ problem solving skills improved.  

Another aspect regarding the issue of hints use is the free versus obligatory 

aspect. The effect of a compulsory use of hints was high. In chapter 5 and 6a, only a 

small number of problems were offered, while hints were presented with each of 

them. In our experiments, the students were willing to process the compulsory 
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collaborative setting start a problem they often used the hints, but they also often 

solved problems in the programme correctly. It appeared that the discussions about 

the hint information contributed to the problem solving process. However, the 
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collaborative groups finished fewer problems and therefore gained less practice 

than the students working individually. So, in collaboration setting, where fewer 

items were finished, hints were only relatively more effective than in the individual 

setting where more items were finished. This issue may be tackled by intensive pre

training of students in the communication formats of the programme (Cheng, Li, 

Sun, & Huang, 2015). It is important that the collaborating students learn to 

process about as many items during a lesson as the individual students. 

Finally, chapter 6 showed that the hints became better comprehensible for 

the students if they were presented in audio form combined with visual schemas 

rather than through text directions plus visual schemas. Students who were offered 

spoken directions appeared to have more success in solving the problems in the 

programme. There are at least two alternative views to explain this outcome. One is 

that an audio hint burdens the working memory to a lesser extent than a text hint, 

making it easier to understand compared to textual information. The other 

explanation may lie in the specific mode of the human voice. Instruction presented 

by a human voice in a conversational style serves as a social cue which attracts the 

listener’s attention to a larger degree than a text presentation. It cannot yet be 

claimed with certainty which explanation is correct, but perhaps this finding is the 

result of a combination of the two (Moreno, 2005; Clark & Mayer, 2011).  

From our studies we may conclude that hints can still be made more 

effective. The proceduralcontent character of the hints in chapter 2 should be 

maintained, as proceduralonly hints are clearly less helpful. Also the use of a 

human voice for explaining the visual hint information is advised. When used as 

collaboration tools, hints may become more effective if students receive pre

training in efficiently communicating with their peers. Finally, in order to teach 

students how to make good use of the different problem solving episodes, we advise 

to maintain the framework of five episodes with hints based on Schoenfeld (see our 

studies in chapter 2, 3 and 4). 

 



Finally, we focussed on the relationship between making the programme 

more effective and the improvement of students’ problem solving skills in a post

 

 

test. The first study (chapter 2), in which teachers implemented the programme, 

indicated that the students’ problem solving skills had improved after its use. After 

controlling for their pretest scores, it was established that the students who had 

solved more items correctly in the programme had also achieved better in the post

test. This finding is in line with other studies using hintbased computer 

programmes to support word problem solving (e.g. Kramarski & Gutman, 2006; 

Teong, 2003; Chung & Tam, 2005; Jacobse, 2012; Jacobse & Harskamp, 2009).  

The study in chapter 3 demonstrated that the use of proceduralcontent 

hints yielded better posttest results than the use of proceduralonly information. 

The proceduralcontent hints not only offer help in using the episodes as such, but 

they also offer strategies on how to act in each episode (Bannert, Sonnenberg, 

Mengelkamp, & Pieger, 2015; Berthold, Nückles, & Renkl, 2007). The use of these 

hints promoted our sample students’ skills in solving word problems probably 

more than the use of procedural hints only. 

Chapter 6 showed us that hints delivered in an audiovisual mode had a 

more positive impact on the quality of our sample students’ solution plans than 

hints presented in a visualonly form. Furthermore, a programme with visualaudio 

hints was more effective than a programme with visual only hints. We suppose that 

audiovisual hints are easier to process, and the student can pay more attention to 

the solution process, which of course benefits the objective of learning to solve 

word problems independently. Chapter 5 shows that hints for the episode 

read/analyse can be just as effective for finding a solution plan for a problem as 

hints for the episode explore. But, we did not compare the effect of a complete 

programme with hints for these episodes on students’ posttest achievement. In 

chapter 6, we summarised the hints for a number of episodes into one, arguing that 

this condensed form could be just as effective in improving students’ problem 

solving skills. Nevertheless, we prefer students to be offered a framework of 

episodes with hints. A framework is considered to enhance their metacognitive 

skills, enabling them to develop a systematic problem solving approach.  

Finally, we like to point out that hints use in small collaborative groups to 

guide the elaboration process (chapter 4) may have a relatively larger effect on 
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students’ problem solving skills than individual hints use. Our results, however, 

give only indications for the support of this statement and no hard evidence.  


 

 In most of our studies, the hints use was optional. This approach led to 

correct answers to the problem items, but sometimes it did not. In order to explain 

how the use of hints influenced our students’ problem solving skills, we need to 

understand why students sometimes chose to address hints, and why at other times 

they did not. How did this use of hints affect their problemsolving processes? Our 

studies have shown relationships between hints use and success in the programme. 

However, no solid conclusions can be drawn about the causal link between hints 

use and the improvement of students’ problem solving skills in the posttests.  

 
An issue which could be considered as another limitation of our research is that the 

effects of the studies were only measured via posttests administered directly after 

the interventions. This means that the longterm effects of the studies on students’ 

problem solving skills are unknown.  

 



 

Our studies give rise to new questions that might be addressed in future research 

on supporting word problem solving.  

 



To understand why hints have an effect, it is important that students only 

use them when they really need them. Hints should not be addressed randomly, but 

be chosen consciously whenever one is not able to continue on one’s own (Gräsel, 

Fischer, & Mandl, 2001; Slavin & Lake, 2008). Ideally, a problem is first read, an 

estimation is made of how to solve it, and then help is requested, if necessary. We 

argue that whenever a student chooses to address hints, they should be smoothly 

integrated into the steps made in the solution process so far. But, the students in 

our sample sometimes finished items incorrectly, but after consulting hints or they 

did not consult hints (see also: Jacobse & Harskamp, 2009; Jacobse, 2012). As we 

 

 

have seen in our research, briefness or helpfulness are not the only determining 

factors in the students’decision to use hints.  

To gain more insight into students’ motives and thought processes, use 

could be made of a thinkaloud approach. The student in an individual research 

setting could be asked to read a word problem, think about it and explain his or her 

solution plan. Then, the student indicates whether or not he/she thinks the 

solution plan is correct (Judgement of Learning; Schraw, 2012). If the student has 

an incorrect solution, hints for the episodes: read/ analyse, explore and plan are 

offered and student is asked to choose a hint and explain why (for which episode 

he/ she thinks help is needed). Then, after solliciting the hints, the student is asked 

again to verbalises a solution plan. By studying students’ decisions and thinkaloud 

protocols, more insight could be gained into how well students know they are able 

to solve a problem, how deliberate they can choose hints and how the use of hints 

influences their solution process. This knowledge may shed more light on how to 

improve hints use (Jacobse & Harskamp, 2012).  

Hints use may be increased by making it compulsory whenever a student 

fails to provide a correct first answer. A relevant question in this respect is, 

however, whether students will accept help in this situation and be able to use the 

information effectively. We may expect that this is not always the case (Aleven & 

Koedinger, 2000; Baker, Corbett, & Koedinger, 2004). Two factors which possibly 

influence the decision to seek instructional help are students’ personality 

characteristics and their motivation to learn (Capuano, D´Aniello, Gaeta, & 

Miranda, 2015; Zhang, De Pablos, & Xu, 2014). In this context, future studies could 

be directed at the effect of free versus compulsory hints in a word problem solving 

programme. This research could take the form of a think aloud study where 

students’ use of hints and its influence on their solution plans is investigated on the 

basis of a compulsory versus a free hints condition.  

The research on the topic of why and how students use hints may provide 

new knowledge which could be used to design even more effective computer and 

training programmes. The latter could preinstruct teachers in training their 

students in making conscious decisions regarding the use of hints when they are 

not able to proceed on their own. 
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More empirical evidence is required to show that students profit from hints 

use and actually solve problems they would not solve without hints (Makel & 

Plucker, 2014). We filled in the hints with ideas from research by others and some 

of our own. But, are these hints effective? The research in chapter 5 indicates that 

read/analyse hints and explore hints are just as effective. Will this hold true in 

further research? For the read/analyse hint, for example, we assumed that 

underlining the main parts of the text possibly triggers the students in visualising 

the problem situation. But, does it also influence students’ insight into the number 

relationships in the problem? Furthermore, do explore hints affect the way in 

which students form their mental models of the mathematical relationships in the 

word problems, and how this influences their solution plans? Finally, we need more 

information on how Plan hints improve students’ solution plans. Do plan hints 

really trigger students to compare the solution plan suggested in the hint with their 

own? Or do students just copy the example from the hint and forget about their 

own way of solving a problem? These suggestions need further research to improve 

the quality of the hints and the way hints can be used in computer programmes.  

In chapter 4, we investigated in which condition the use of hints is more 

beneficial, in a collaborative or in an individual setting. Despite the students’ lack 

of communication skills when starting the collaboration, the final results seem 

promising enough to conduct a follow up study. Students would then first need 

training in rephrasing the hints into clear summarised messages for their partner 

problem solver. Secondly, to be able to save time they would need tuition in fast 

typing and the use of a brief style of communication. Furthermore, properly 

organising the available time would also be an issue in the new experiments. Our 

study taught us that 20 minutes to solve 6 problem items is sufficient in the 

individual setting, but not in the collaborative condition. However, once the 

students are adequately trained in communicating efficiently, they should be able 

to complete the 6 items within the given time limit. After these preparations the 

replica studies could be started, but containing a more extensive series of lessons 

than in the former research.  

 

 

 



Chapter 2 indicated that the absence of teacher feedback on the students’ 

achievements hampered the full implementation of the programme in school 

practice. Better use by the teachers of the log files, for example, to map out which 

students are lagging behind and need extra guidance, would improve the 

programme’s effectiveness. The teachers may also receive training in how to 

analyse the data on the individual students. Here they could learn to detect the 

weaker students on the basis of the progress data, and coach them accordingly, 

especially those who underperform. Therefore, our recommendation is to integrate 

the computer programme into the curriculum materials used in the daily 

mathematics lessons. In the study described in chapter 2, the programme and the 

regular math lessons were separated. Integrating the mathematics textbooks with 

the computer programme may improve the scope of the latter’s implementation 

(Guskey & Yoon, 2009). This integration could include facilitating students, for 

example, with weekly quizzes for testing the basic skills taught in the curriculum as 

well as with additional problem items which require the application of these skills. 

Teachers could also be offered suggestions for additional instruction. This 

approach may increase the teachers’ interest in actively monitoring the students’ 

performance and helping them to better improve their problem solving skills.  

Teachers could also be supported by training and coaching in the use of the 

episodes, on the basis, for example, of the problem items from both the programme 

and the textbook. In workshops teachers could be instructed in the specifics of the 

programme, how it fits in the curriculum they teach and how it can be implemented 

in class. Further support may consist of supplying the teachers with overviews of 

the students’ progress in both the textbook and the problem solving programme, 

plus coaching in the classroom. A larger emphasis on problem solving by the 

teachers, however, may not be easily achieved. They are generally specifically 

focussed on teaching the basic skills of mathematics (Inspectorate of Education, 

2008). Therefore, the integration of mathematical problem solving in the everyday 

routine of mathematics education is a relevant issue, which certainly deserves 

additional research.  
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Een belangrijke doelstelling binnen het onderwijs is dat leerlingen in staat zijn om 

rekenproblemen op te lossen. Rekenproblemen worden ook wel 

toepassingsopgaven genoemd. Ze komen vaak voor in rekenmethoden die hogere 

leerjaren van de basisschool gebruiken en in rekentoetsen zoals die van het CITO.. 

Toepassingsopgaven zijn vooral bedoeld om leerlingen te leren hoe ze hun reken of 

wiskundekennis in min of meer realistische situaties zelf kunnen toepassen. Die 

vaardigheid wordt in onze maatschappij steeds belangrijker (Martin & Mullis, 

2013). De opgaven kennen een vaste opbouw: met tekst en soms ook een afbeelding 

krijgen de leerlingen een probleemsituatie aangeboden en daarna volgt een vraag 

die vereist dat leerlingen hun rekenkennis gaan gebruiken. Bijvoorbeeld: Iedere 

maand krijgt Ida 35 euro zakgeld. Van dit geld spaart ze 2/5 deel om een IPod te 

kopen. De IPod die ze op het oog heeft kost 144 euro. Ida besteedt het andere deel 

van haar zakgeld aan leuke dingen. Ze heeft al 45 euro gespaard. Hoeveel 

maanden minstens moet ze nog sparen om de IPod te kunnen kopen? 

De informatie over de probleemsituatie is in toepassingsopgaven vaak 

duidelijk herkenbaar voor leerlingen. De moeilijkheid van deze opgaven voor 

leerlingen ligt aan de afleiders in de tekst (hier: dat Ida het andere deel aan leuke 

dingen besteedt) en aan de rekenbewerkingen die nodig zijn (hier: aftrek en 

deelbewerking). Het herkennen van een enkele rekenbewerking in een opgave is 

meestal makkelijker dan het herkennen van een combinatie van bewerkingen.  

Het oplossen van toepassingsopgaven vinden leerlingen vaak moeilijker 

dan het oplossen van kale sommen. In de rekenmethoden wordt aan het oplossen 

van toepassingsopgaven vaak geen speciale aandacht besteed. Er zijn 

computerprogramma’s ontwikkeld om leerlingen te helpen om door oefenen op 

internet meer vaardigheid te krijgen in het oplossen van opgaven en in de stappen 

die je moet nemen om dergelijke opgaven op te lossen.  
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Episodes van probleem oplossen 

Om leerlingen te helpen die moeite hebben met toepassingsopgaven is in 

onderzoeksliteratuur nagegaan hoe goede probleemoplossers de opgaven 

aanpakken. Volgens Schoenfeld (1992), een gerenommeerd onderzoeker, verloopt 

het oplossen van reken/wiskundeproblemen bij goede probleemoplossers altijd 

volgens bepaalde episodes (aandachtspunten). Zij zullen een opgave eerst 

nauwkeurig lezen en vormen zich een globaal beeld van de situatie in de opgave. 

Daarna analyseren ze welke woorden en getallen de kern van de probleemsituatie 

vormen. Vervolgens exploreren zij de situatie verder en gaan na welke rekenkennis 

nodig is. Als hen die goed voor ogen staat kan er een plan worden gemaakt om de 

opgave uit te rekenen en dat plan wordt uitgevoerd. Sterke probleemoplossers 

controleren doorgaans nog of hun antwoord past bij de vraag. Zij zijn in staat om 

flexibel om te gaan met de episodes: lezen, analyseren, exploreren, plannen, 

implementeren en controleren. Van zwakke probleemoplossers is bekend dat ze de 

episodes minder goed hanteren. Ze besteden minder tijd aan het lezen, analyseren 

van de probleemsituatie, exploreren van de benodigde rekenkennis en het 

controleren van hun antwoord (Schoenfeld, 1992). Op basis van de getallen in een 

opgave maken ze vaak een plan en proberen dit dan uit te rekenen zonder goed 

rekening te houden met de probleemsituatie en de gestelde vraag (Mayer & 

Hegarty, 1996).  

 

Het oplossen van toepassingsopgaven in het rekenonderwijs 

Hoewel leerlingen om verschillende redenen moeilijkheden kunnen hebben 

met toepassingsopgaven ontvangen ze doorgaans in het onderwijs weinig specifieke 

ondersteuning van hun leerkrachten. Dat komt waarschijnlijk omdat 

rekenmethoden nauwelijks aanwijzingen aan leerkrachten geven over hoe ze 

leerlingen kunnen helpen. Bijvoorbeeld het gebruik van Schoenfeld’s episodes of 

andere systematieken voor probleemoplossen worden in methodes vaak niet 

behandeld. Vaak laten leerkrachten als steun aan leerlingen de toepassingsopgave 

hardop voorlezen en in hun eigen woorden navertellen. Leerkrachten zien 

toepassingsopgaven vooral als een leesprobleem en proberen leerlingen daarbij te 

 

 

helpen. Maar de effectiviteit van deze aanpak laat te wensen over (Tarr, Chavez, 

Reys, & Reys, 2006; Verschaffel, De Corte, Lasure, Van Vaerenbergh, Bogaerts, & 

Ratinckx, 1999).  

 

Verbetering van de instructie in het oplossen van toepassingsopgaven 

Uit onderzoek van de laatste decennia blijkt dat er verschillende 

mogelijkheden zijn om leerlingen te onderwijzen in het oplossen van 

toepassingsopgaven. Een ervan is om verschillende typen toepassingsopgaven aan 

te leren die naast elkaar voorkomen in de rekenboeken en rekentoetsen. Maar, je 

kunt leerlingen niet alle verschillende typen niet aanleren, dat zijn er te veel. 

Daarom raden we aan om een begeleidende manier van instructie te gebruiken 

waarbij leerlingen leren om zelfstandig toepassingopgaven op te lossen door 

episodes (aandachtspunten) voor het oplossen van opgaven te gebruiken. 

Leerlingen leren op die manier een systematische aanpak te hanteren (Sfard & 

Kieran, 2001; Hohn & Frey, 2002). Leerlingen kunnen leren om een stappenplan 

met aandachtspunten te gebruiken Als ze niet verder kunnen dan dient het plan om 

leerlingen zichzelf af te laten vragen bij welke episode (stap) ze vast lopen en 

waarin ze hulp nodig hebben (Schoenfeld, 2002). De instructie bestaat er uit om 

leerlingen te leren om hulp te vragen bij de episode waar ze niet verder komen. De 

hulp kan bestaan uit korte instructies per episode. De hulp kan bestaan uit 

procedurele aanwijzingen (bijvoorbeeld vragen of tips voor het uitvoeren van een 

episode) of uit inhoudelijke aanwijzingen (concrete hulp per episode). Het doel is 

om leerlingen met de episodes na te laten denken over het oplossen van een opgave 

zonder hen te trainen in een vast stappenplan. Op die manier blijft hun aanpak 

flexiebel en kunnen verschillende typen opgaven worden aangepakt (Mayer, 2004).  

Maar, het is moeilijk voor leerlingen om goed te onderkennen waar ze zijn 

vastgelopen en om de hulpaanwijzingen te gebruiken om zelf weer verder te gaan. 

Leerlingen hebben soms de neiging om hulp over te slaan om de opgave maar snel 

af te krijgen of om zich juist door de hulp zo veel mogelijk op sleeptouw te laten 

nemen. In beide gevallen leren ze weinig van de hulp. Leerlingen moeten dan ook 

leren om met hulp om te gaan (Ku, Harter, Liu, Thompson, & Cheng, 2007). Voor 

leerkrachten is er professionele training nodig om te leren begeleide instructie 
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systematisch aan te bieden. Begeleide instructie vraagt veel inhoudelijke kennis van 

de leerkrachten over het oplossen van toepassingsopgaven door leerlingen, maar 

ook veel organisatievermogen om het werk van individuele leerlingen te volgen en 

om passende hulp te geven (Jacobs, Franke, Carpenter, Levi, & Battey, 2007). 

 

Computerprogramma’s voor individuele ondersteuning van leerlingen 

Computer programma’s kunnen leerkrachten helpen om individuele 

ondersteuning te geven aan leerlingen bij het oplossen van toepassingsopgaven. De 

episodes van Schoenfeld zijn gebruikt in enkele studies. Er zijn 

computerprogramma’s ontworpen die aan de hand van een stappenplan met 

episodes leerlingen hulp aanbieden tijdens het probleemoplossen (Kramarski & 

Gutman, 2006; Kramarski & Friedman, 2014; Teong, 2003; Jacobse & Harskamp, 

2009). Naar een van deze programma’s (Jacobse, 2012) is in dit proefschrift nader 

onderzoek gedaan. Het programma staat op internet en heeft de volgende 

onderdelen (zie figuur 1 en 2).  

 

 
Figuur 1. Scherm met de opgave en het stappenplan met hints  

 

 

 

 
Figuur 2. De hints die verschijnen na klikken op: ‘ik lees heel goed’, ‘ik kijk wat 

voor som het is’, en ‘ik maak een plan’.   

 

Nadat de leerlingen zijn ingelogd en ze in het keuzescherm de les hebben 

geselecteerd worden ze doorverwezen naar een toepassingsopgave. Het scherm dat 

leerlingen dan gepresenteerd krijgen is te zien in figuur 1. Aan de linkerkant staat 

de opgave vermeld. In het midden is het stappenplan met de hints waar leerlingen 

gebruik van kunnen maken. De hint ‘ik lees heel goed’ is er om leerlingen te helpen 

bij het lezen en analyseren van de opgave: de leerlingen zien de probleemsituatie in 

een schema (zie figuur 2). In de hint ‘ik kijk wat voor som het is’ wordt een schema 

gegeven dat verder ingaat op de relatie tussen de getallen in de opgave. Hiermee 

krijgen leerlingen hulp bij het exploreren van de rekenbewerking die nodig is voor 

de oplossing. De hint ‘ik maak een plan’ kunnen ze gebruiken als ze moeite hebben 

om een rekenplan te maken en in deze hint wordt een deel van zo’n rekenplan 

getoond. De hints worden getoond in het veld ‘weergave van hints’. De leerlingen 

kunnen drie keer een antwoordpogingen doen in het ‘antwoordveld’ (zie figuur 1). 

Het ‘antwoordveld’ is pas beschikbaar nadat er op de knop ‘ik controleer mijn 

antwoord’ is gedrukt. Nadat leerlingen het juiste antwoord hebben gegeven of 

driemaal een onjuist antwoord hebben ingevuld, kunnen ze op de knop klikken ‘wat 

leer ik ervan?’. Ze krijgen een uitgewerkte oplossing te zien die ze kunnen 

vergelijken met hun eigen oplossing.    

In een eerste studie is onderzocht in hoeverre leerkrachten hun leerlingen 

goed met het computerprogramma kunnen laten werken. In de daarop volgende 

studies is gekeken in hoeverre veranderingen in inhoud, opzet of presentatie van de 
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hulp in het programma kunnen leiden tot beter gebruik van het programma door 

leerlingen en verbetering in het zelfstandig oplossen van toepassingsopgaven.   

 

       



Het programma is door leerkrachten van de hoogste groepen tijdens hun 

rekenlessen uitgevoerd. Het doel was om na te gaan hoe leerkrachten hun 

leerlingen met het computer programma lieten werken en tot welke leerresultaten 

dat zou leiden. Het was van belang om te weten of leerkrachten het programma 

konden gebruiken in hun rekenlessen, omdat dan nader onderzoek gedaan kon 

worden naar het verder verbeteren van het programma. Onderzoek laat namelijk 

zien dat computerprogramma’s niet altijd bruikbaar zijn in de praktijk. Daarbij 

moet worden aangetekend dat als computerprogramma’s wel bruikbaar zijn de 

resultaten in de praktijk vaak minder goed zijn dan wanneer onderzoekers hun 

programma’s zelf in de praktijk testen. Dit heeft er vermoedelijk mee te maken dat 

leerkrachten programma’s vaak (iets) anders inzetten dan de bedoeling is (Dignath 

& Büttner, 2008).  

De leerkrachten in ons onderzoek zijn voorafgaand aan het gebruik van het 

programma getraind in hoe het werkte en hoe de leerkrachten het programma 

dienden in te zetten tijdens hun lessen. Het programma bood voor 10 weken 

oefenstof en per week waren er een achttal opgaven. De leerlingen deden het 

programma een keer per week en de leerkrachten gaven les uit de gewone 

rekenmethode van de school. Maar, de toepassingsopgaven in de methode werden 

overgeslagen en in plaats daarvan waren er de opgaven uit het programma. De 

opgaven in het prograsmma hadden een opklimming in moeilijkheid: eenvoudige, 

gemiddelde en complexe opgaven. Naarmate leerlingen meer opgaven goed 

maakten kwamen ze in een hoger niveau van opgaven. Het computerprogramma 

verzamelde van elke leerling gegevens zodat de leerkracht kon nagaan hoeveel van 

de wekelijkse opgaven elke leerling had opgelost, met wel resultaat en welke hulp er 

was gebruikt. Deze gegevens konden worden geraadpleegd in een overzicht en de 

leerkracht kon per leerling en per opgave nagaan wat de leerling had gedaan.  

 

 

De onderzoeksgegevens lieten zien dat de leerkrachten goed in staat waren 

om hun leerlingen met het computer programma te laten werken, want de meeste 

leerlingen hebben alle lessen gemaakt en waren in staat om tijdens de lessen de 

meeste opgaven op te lossen. De gegevens van de leerlingen in de 

groepsoverzichten werden wekelijks bekeken door de leerkrachten. Ze letten 

voornamelijk op hoeveel goed de leerlingen hadden gemaakt en minder op het 

gebruik van hints door leerlingen die veel fouten maakten. Ze gaven aan daarvoor 

onvoldoende tijd te hebben. Maar, de informatie had de leerkrachten kunnen 

helpen in het geven van feedback aan leerlingen over het gebruik van de hints om 

tot goede oplossingen te komen. Desondanks bleek dat na het programma de 

meeste leerlingen meer toepassingsopgaven correct zelfstandig konden oplossen 

dan voor het programma. Verder bleek na het programma dat leerlingen die met 

het programma hadden gewerkt beter zelfstandig toepassingsopgaven konden 

oplossen dan leerlingen die die niet met het programma hadden gewerkt maar 

aleen met de gewone rekenmethode. 

Het verschil in prestaties tussen leerlingen met en zonder programma zou 

waarschijnlijk groter zijn geweest wanneer het programma precies zo was gebruikt 

als bedoeld en de leerkrachten de zwakke probleemoplossers die geen of 

onsuccesvol gebruik van hints maakten extra hadden begeleid. De conclusie uit het 

onderzoek is dat leerkrachten in staat zijn om een computerprogramma voor 

toepassingsopgaven in hun rekenlessen in te voeren. Maar, om de hints in het 

computer programma nog beter door leerlingen te laten benutten zou het kunnen 

helpen om leerkrachten te coachen in het gebruik van het programma met hun 

leerlingen tijdens de les. 

In de volgende hoofdstukken is nagegaan hoe het programma zelf verder 

verbeterd kon worden.  

 



Het programma bevatte een combinatie van inhoudelijke en procedurele 

hints. Er werden dus niet alleen algemene tips en vragen gegeven bij de episodes a) 

lezen en Analyseren, b) exploreren en c) plannen, maar ook inhoudelijke 

aanwijzingen voor het concreet helpen van leerlingen bij een opgave. Bijvoorbeeld 
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voor de episode ‘lezen en analyseren’ bestond de procedurele versie uit de hint: ‘Zeg 

in je eigen woorden waar de opgave over gaat’, of: ‘Welke woorden en getallen heb 

je echt nodig om de opgave op te lossen?’ De combinatie van inhoudelijke en 

procedurele hints bestond voor deze episode uit een schema met een korte 

beschrijving van de probleemsituatie en de aanwijzing: ‘Welke vraag hoort er bij?  

Er zijn verschillende studies gedaan die er op duiden dat hints met een 

combinatie van inhoudelijke en procedurele aanwijzingen leerlingen helpen om 

hun probleemoplossende vaardigheden te verbeteren (Chan, Sung, & Lin, 2006). 

Maar er zijn ook studies uitgevoerd waaruit blijkt dat procedurele aanwijzingen op 

zichzelf al kunnen leiden tot vooruitgang lieten in probleemoplossende 

vaardigheden van leerlingen (Kramarski & Friedman, 2014).  

We hebben daarom onderzocht of een combinatie van inhoudelijke en 

procedurele hints het probleemoplossen meer stimuleert dan het aanbieden van 

procedurele hints. Er werden twee onderzoeksgroepen samengesteld die beide met 

het computer programma hebben gewerkt met als enige verschil de inhoud van de 

hints. Onder supervisie van een onderzoeker werkten leerlingen van beide 

onderzoeksgroepen individueel buiten het lokaal in het programma. De resultaten 

wezen uit dat leerlingen die met de combinatie van inhoudelijke en procedurele 

hints werkten vaker en met meer succes de hints gebruikten dan de leerlingen uit 

de andere onderzoeksgroep. Verder bleek op de natoets met toepassingsopgaven 

dat leerlingen die inhoudelijke en procedurele hints hadden gebruikt hoger 

scoorden dan leerlingen die met procedurele hints hadden gewerkt. Dat gold zowel 

voor leerlingen die onder als bovengemiddeld scoorden op de voortoets.  

De onderzoeksresultaten gaven duidelijke aanwijzingen dat de procedurele 

met inhoudelijke combinatie van hints effectiever was voor gebruik door leerlingen 

dan alleen de procedurele hints. In de volgende onderzoeken is daarom steeds met 

de combinatie van procedurele en inhoudelijke hints gewerkt 

 

 

 





Er is nagegaan in hoeverre het gebruik van het programma met hints beter 

werd als leerlingen in tweetallen samenwerkten ten opzichte van het individueel 

gebruik van het programma met hints.  

In onderzoeken naar het effect van computerprogramma’s voor het 

oplossen van toepassingsopgaven rekenen werkten leerlingen meestal individueel 

met de programma’s (Kramarski & Gutman, 2006; Kramarski & Friedman, 2014; 

Teong, 2003; Jacobse & Harskamp, 2009). In de literatuur komen echter ook 

studies voor die aangeven dat samenwerking het leerproces bij probleemoplossen 

kan versterken en dat de leeropbrengsten bij samenwerken hoger zijn dan wanneer 

leerlingen individueel werken (Webb, 2008). Voor het oplossen van 

toepassingsopgaven in het basisonderwijs met behulp van computerprogramma’s is 

er echter erg weinig bewijs dat dit ook zo is (Kyndt et al., 2013). De bedoeling van 

samen probleemoplossen via de computer is dat leerlingen met elkaar van 

gedachten wisselen (cognitief elaboreren) over hoe ze een opgave gaan oplossen. 

Dat gaat meestal niet vanzelf. Leerlingen zijn vaak meer geneigd om zo snel 

mogelijk een opgave af te maken en eerder elkaar voor te zeggen dan van gedachte 

te wisselen over de aanpak van een opgave (Strijbos, Martens, Jochems, & Broers, 

2007).  

Om leerlingen ertoe te brengen meer te overleggen en om tegelijkertijd de 

hints beter te laten gebruiken hebben we bedacht dat de hints een directe rol 

kunnen spelen in de gedachtewisseling tussen leerlingen. Leerlingen die 

samenwerkten in tweetallen kregen elk een rol toebedeeld, namelijk lezer of 

planner. De hints die te maken hadden met het lezen en analyseren waren alleen 

zichtbaar voor de lezer en de leerling met de rol van planner kreeg de hints 

toegewezen die te maken hadden met het plannen van de oplossing. Na elke opgave 

wisselden de leerlingen van rol. Met behulp van de hints zouden leerlingen die 

samenwerkten hun interactie beter kunnen organiseren (eerst de lezer en dan de 

planner) en inhoud geven. Naast de samenwerkingsversie was er de bestaande 

individuele versie van het het computerprogramma. Daarin waren dezelfde 

opgaven en hints als in de samenwerkingsversie.  
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Uit het onderzoek bleek dat de groepen die in tweetallen samenwerkte 

evenveel opgaven goed hadden gemaakt op de natoets probleemoplossen als de 

groep die individueel werkte. De verwerking van toepassingsopgaven in het 

computer programma was echter anders verlopen. De leerlingen die samenwerkten 

hadden in totaal minder opgaven gemaakt dan leerlingen die alleen werkten. Het 

samen problemen oplossen kostte meer tijd dan het individueel oplossen. Maar, 

leerlingen uit de samenwerkingsgroep gingen wel steeds meer inhoudelijk met 

elkaar overleggen tijdens het programma en gebruikte bij de opgaven die ze 

maakten wel vaker de hints. Ze maakten naar verhouding tot het aantal opgaven 

waaraan ze begonnen meer opgaven goed in het computerprogramma dan de 

individuele groep. Waarschijnlijk was de duur van het programma (9 lessen) te kort 

om leerlingen in de samenwerkingsversie profijt te laten hebben van het 

inhoudelijk samenwerken en het gebruik van de hints daarbij. De leerlingen 

moesten nog wennen aan het samenwerken op afstand.   

  



 Hints worden niet altijd gebruikt door leerlingen. Dat kan wellicht komen 

omdat het raadplegen van een volledige set van hints voor de episodes veel extra 

werk van een leerling vraagt. Nagegaan is of het aantal hints voor de episodes 

kunnen worden beperkt.  

Er zijn onderzoekers die aangeven dat het oplossen van 

toepassingsopgaven voornamelijk een kwestie is van goed begrijpend lezen 

(episode 1) (Swanson, Orosco, & Lussier, 2014), terwijl andere onderzoekers 

aangeven dat het oplossen van toepassingsopgaven voornamelijk problematisch is 
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oplossingsplan dan de hints voor de episode lezen en analyseren. Als dat zo is kun 

je de hint niet missen in programma’s die het oplossen van opgaven ondersteunen.. 

In het onderzoek was er een groep leerlingen die hints kregen voor de 

episode Lezen/analyseren, een groep leerlingen die hints kregen voor de episode 

Exploreren en een controlegroep die placebo hints kregen. De placebo bestond uit 

de keuze uit plaatjes die wel of niet pasten bij de probleemsituatie in een opgave. In 

alle onderzoeksgroepen is nagegaan in hoeverre leerlingen in staat waren om een 

oplossingsplan te maken nadat ze een hint hadden gekregen. Er waren 8 opgaven 

met hints. De opgaven en hints werden per leerling aangeboden. 

De resultaten wezen uit dat leerlingen die placebo hints kregen minder 

goed in staat waren om hun oplossingsplannen te verbeteren ten opzichte van 

leerlingen die hints kregen over de episode lezen/analyseren of exploreren. Er zijn 

echter geen duidelijke verschillen gevonden tussen leerlingen die hints kregen voor 

de episode lezen en analyseren of leerlingen die hints voor exploreren kregen. Een 

beperking van het onderzoek is dat we weten niet hoe het gebruik van de 

afzonderlijke hints doorwerkte op de vaardigheden van leerlingen om zelf opgaven 

op te lossen. Het onderzoek bevatte slechts 6 oefeningen en dat was te weinig om al 

naar een effect te zoeken op een toets toepassingsopgaven. De resultaten lijken uit 

te wijzen dat hints voor de episode lezen en analyseren en hints voor exploreren de 

leerlingen evengoed helpen om te begrijpen waar een probleemsituatie over gaat en 

welke rekenbewerkingen leerlingen moeten uitvoeren. Er is echter geen toetsend 

onderzoek gedaan en daarom is het te vroeg om al conclusies te trekken of hints 

voor de episode exploreren niet effectief zijn en in een programma voor 

toepassingsopgaven niet moeten worden opgenomen. Er is wel reden voor twijfel 

aan het effect van hints voor exploreren (zie ook: Swanson, Orosco, & Lussier, 

2014). 

 





In het onderzoek uit de vorige hoofdstukken werd de informatie in de hints 

op een visuele manier gepresenteerd. Elke hint bestond uit een visuele voorstelling 

 

 

in combinatie met geschreven uitleg. Zowel de informatie in de voorstelling als de 

tekst moesten via de ogen worden verwerkt.  

Er zijn verschillende onderzoeken die aangeven dat nieuwe informatie die 

leerlingen direct moeten begrijpen het beste in een combinatie van auditieve en 

visuele informatie aangeboden kan worden. De informatie dient dan synchroon 

zowel via de ogen (een afbeelding) als via de oren (gesproken uitleg) te worden 

gepresenteerd (Clark & Mayer, 2011). Dit is echter tot nu toe niet uitgetest bij hints. 

In een eerste deelstudie is daarom onderzocht wat het effect is van hints die 

bestaan uit een visueel schema met gesproken uitleg (visueel/ audio presentatie) op 

de oplossingsplannen van leerlingen in vergelijking tot het effect van hints die 

bestaan uit een visueel schema met tekstuitleg (volledig visuele presentatie). De 

hints bestonden uit een samenvatting van de hints voor de episodes: read/analyse, 

explore en plan en hadden de meeste overeenkomst met hints voor deze laatste 

episode. De leerlingen kregen een schema van het probleem met de juiste getallen 

en met getekende symbolen voor de rekenwerkingen die nodig waren. In de uitleg 

werd het schema toegelicht en verdere aanwijzingen gegeven.  

Een groep leerlingen kreeg in een individuele onderzoeksopzet acht 

opgaven met visueel/ audio hints en een andere groep kreeg de opgaven met alleen 

volledig visuele hints. Ze moesten na elke hint aangeven hoe ze de opgave gingen 

oplossen. De resultaten wezen uit dat leerlingen betere oplossingsplannen konden 

maken na visueel/audio hints.  

In een tweede deelstudie is vervolgens ingegaan op de vraag of leerlingen 

na oefening in het computerprogramma met visueel/ audio hints hun 

probleemoplossende vaardigheden ook zouden verbeteren ten opzichte van 

leerlingen die in het programma alleen visuele hints kregen aangeboden De 

resultaten wezen uit dat leerlingen die hints met visuele en auditieve aanwijzingen 

kregen beter in staat waren om toepassingsopgaven in het computer programma op 

te lossen. Op de natoets toepassingsopgaven scoorden deze leerlingen hoger dan 

leerlingen die alleen hints met visuele aanwijzingen kregen aangeboden. De 

visueel/ audio hints bevorderen waarschijnlijk een vlottere verwerking van de 

informatie in de hints en leerlingen begrijpen dan beter hoe ze die informatie 

moeten gebruiken om de opgaven in het programma op te lossen. Dit verbetert 
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waarschijnlijk ook hun vaardigheid in het zelfstandig oplossen van 

toepassingsopgaven. 

 



In dit proefschrift werd onderzoek gedaan naar een computerprogramma 

voor het leren oplossen van toepassingsopgaven. Het programma bleek bruikbaar 

te zijn voor leerkrachten en leerlingen in de hoogste groepen van de basisschool. 

Het programma had effect voor het verbeteren van de 

probleemoplossingsvaardigheden van leerlingen. Om de vaardigheden van 

leerlingen verder te vergroten zouden leerkrachten hun leerlingen meer inzicht 

moeten geven in hoe ze de hints in het programma beter kunnen gebruiken. 

Daarvoor zullen leerkrachten dan tijd moeten reserveren om de gegevens uit het 

programma te bekijken en zwakke probleemoplossers individueel te helpen. 

Leerkrachten zullen daarbij coaching nodig hebben in de lespraktijk.  

Om de praktische bruikbaarheid van het computerprogramma te vergroten 

zal het waarschijnlijk meer geïntergreerd moeten worden in de gebruikte 

rekenmethode. Leerkrachten geven les vanuit de rekenmethode en naarmate het 

computerprogramma daar meer bij aansluit zal het gebruik ervan meer succes 

hebben (Guskey & Yoon, 2009). In het computerprogramma zouden bijvoorbeeld 

ook basisvaardigheden rekenen getoetst kunnen worden die in de methode 

wekelijks worden aangeboden. In het programma zou er een nauwe relatie kunnen 

worden gelegd tussen de basisvaardigheden en het toepassen ervan in de 

toepassingsopgaven die het computerprogramma biedt. Op die manier kan het voor 

leerkrachten en leerlingen duidelijker worden wat het belang is van het kunnen 

oplossen van toepassingsopgaven. Het computerprogramma zou zo gebouwd 

kunnen worden dat de progressie van de leerlingen door de leerstof van de 

rekenmethode en de bijpassende toepassingsopgaven wekelijks wordt bijgehouden. 

De leerkracht kan dan nagaan welke leerlingen extra ondersteuning behoeven en 

op welke onderdelen van de leerstof of het oplossen van problemen.  

Op basis van de studies in dit proefschrift bevelen we voor de 

onderwijspraktijk aan om een computerprogramma te gebruiken dat hints aanbiedt 

in een stappenplan van episodes (aandachtspunten). De episodes zijn: lezen en 

 

 

analyseren van een opgave, exploreren van de rekenbewerkingen, plan maken, om 

uit te rekenen, uitvoeren van het plan en verifiëren of de uitkomst past bij de vraag. 

Hoewel er discussie is of bij alle episodes hulp nodig is (zie hoofdstuk 5), is het voor 

het systematisch oplossen van opgaven van belang dat leerlingen de episodes leren 

gebruiken. Door de episodes regelmatig te gebruiken bij complexe opgaven zullen 

leerlingen leren om zichzelf vragen te stellen die het systematisch leren oplossen 

bevorderen.  

Een computerprogramma met episodes zoals dat hier is onderzocht biedt 

oefening in het oplossen van toepassingsopgaven voor zwakkere, middelmatige en 

betere probleemoplossers. Voor alle leerlingen zijn er voldoende uitdagende 

opgaven die met behulp van hints in een redelijk korte tijd (20 tot 30 minuten) 

kunnen worden gemaakt.  

Hints bij de episodes dienen zowel inhoudelijke als procedurele 

aanwijzingen te geven. De inhoudelijke aanwijzingen helpen leerlingen met 

concrete suggesties om een specifieke opgave op te lossen en de procedurele 

aanwijzingen geven algemene instructies om bij bepaalde episodes vragen te stellen 

die het probleemoplossen makkelijker maken. Het zijn deze algemene tips en 

vragen die leerlingen moeten helpen om tot een eigen stappenplan te komen voor 

het zelfstandig oplossen van opgaven.  

Behalve een plan met episodes en hints is ook de manier van presenteren 

van de hints van belang. Als een computerprogramma wordt gebruikt dan zou de 

informatie in de hints moeten bestaan uit visuele schema’s aangevuld met 

gesproken uitleg. Een dergelijke presentatie bevordert de vlotte verwerking van de 

informatie van de hints door de leerlingen. 

Het is vanuit ons onderzoek nog onzeker of samenwerkend leren leidt tot 

betere prestaties in het oplossen van toepassingsopgaven. Voor het samenwerken 

moeten leerlingen voldoen aan een aantal voorwaarden, zoals het goed onder 

woorden kunnen brengen van de eigen gedachten of de informatie uit de hints in 

een programma. Daarnaast moeten leerlingen vlot via internet korte berichten 

kunnen typen om de communicatie met een partner gaande te houden. Naarmate 

leerlingen daarin beter slaagden vonden we in ons onderzoek positievere resultaten 

van samenwerken op hintgebruik en het oplossen van opgaven in het programma. 
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In het zelfstandig oplossen van opgaven op de natoets was echter geen verschil 

tussen samenwerkende en individueel werkende leerlingen. We adviseren daarom 

voor de korte termijn om leerlingen individueel te laten werken in een computer 

programma voor toepassingsopgaven. Er is meer onderzoek nodig om duidelijk te 

maken op welke manier samenwerken met hints kan leiden tot verbetering in het 

probleemoplossen van leerlingen. Mocht een school echter wensen om leerlingen 

meer vaardigheid bij te brengen in het op afstand samenwerken dan is een 

computerprogramma als de onze waarschijnlijk heel bruikbaar.  

 Verder theoretisch onderzoek zou zich moeten richten op de verbetering in 

het gebruik van hints in computerprogramma’s. Een manier van onderzoek kan 

zijn om leerlingen hardop te laten verwoorden hoe zij een probleem oplossen, 
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De weergave van enkel mijn naam op de voorkant van dit proefschrift doet 

het vermoeden dat ik in mijn eentje al het werk heb gedaan. Dit is niet het geval. Er 

zijn vele personen betrokken geweest bij de totstandkoming van dit proefschrift, ik 

heb dat enorm gewaardeerd. Een aantal van deze mensen wil ik graag in het 

bijzonder bedanken. 

Veel dank gaat uit naar mijn beide promotoren, die beiden erg betrokken 

zijn geweest bij mijn persoonlijke ontwikkeling als onderzoeker. Als eerste wil 

Egbert Harskamp noemen, eerste promotor en dagelijks begeleider, die zonder 

twijfel de grootste bijdrage heeft geleverd aan dit proefschrift. Het is een eer en 

genoegen om met jou te mogen samen te werken. Ik waardeer de aanhoudende 

persoonlijke betrokkenheid enorm. Nooit verloor jij je geduld of het vertrouwen. 

Ook niet wanneer ik me liet gaan in andere activiteiten of als er gezinsuitbreiding 

kwam. Ik heb bijzonder veel van je geleerd, veel dank daarvoor!  

Greetje van der Werf, mijn tweede promotor, haar inbreng is ook van groot 

belang geweest op dit proefschrift. Je boodt gedurende het promotietraject een 

stimulerende en motiverende begeleiding. Ik wil je daarvoor bedanken evenals voor 

de vlotte en kritische beoordeling op mijn stukken en suggesties. Egbert en Greetje, 

dank jullie wel voor de waardevolle gesprekken.  

De leden van de leescommissie, Prof. dr. J. W. Strijbos en Prof. dr. J. J. G. 

van Merriënboer, wil ik bedanken voor het lezen en beoordelen van mijn 

proefschrift. Prof. dr. R. E. Mayer, thank you for being a member of the doctoral 

dissertation reading committee and your willingness to read and review my 

dissertation.  

Een woord van dank gaat uit naar de directeuren en leerkrachten van de 

basisscholen in NoordNederland voor hun inzet. Ik ben altijd welkom geheten op 

de scholen en in de klassen, dankzij jullie flexibiliteit was het voor mij mogelijk om 

de onderzoeken uit te voeren. Mijn waardering gaat ook uit naar alle leerlingen die 

enthousiast hebben meegewerkt. Bedankt voor jullie essentiële bijdrage aan het 

onderzoek.  

Meerdere collega’s op het GION hebben een aandeel geleverd aan dit 

proefschrift. Ik wil hen allen bedanken voor een inspirerende en fijne tijd. Een 
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aantal van hen wil ik speciaal noemen. Annemieke, ik ben je erkentelijk voor het 

geven van inhoudelijke inbreng bij de opzet van de studies en voor het delen van 

praktische tips bij het verrichten van onderzoek in de groepen op scholen. Deze 

hulp was voor mij onmisbaar. Anneke en Rink wil ik graag bedanken voor hun 

waardevolle inbreng over statistische aangelegenheden. Mijn kamergenoten Lyset, 

Marian en Sanne stonden altijd met een luisterend oor klaar. Jullie gezelligheid en 

betrokkenheid deed mij goed. Het was halverwege de dag ook altijd prettig 

vertoeven met de lunchgroep: Annemieke, Anouk, Danny, Hanke, Jorien, Lieneke 

en Mechteld. Sonja, Stephanie en Vera: bedankt voor jullie kunde en inzet bij alle 

'dingetjes'. In het bijzonder wil ik Anouk en Lieneke, mijn beide paranimfen, 

noemen. Anouk, we hebben vele kilometers in de auto doorgebracht naar en van 

het GION. Tijdens deze ritten hebben we veel (on)zinnige gesprekken gevoerd over 

van alles en nog wat. Deze balans zorgde ervoor om goed te kunnen blijven 

focussen op het werk. Ook in de prive sfeer bezoeken onze gezinnen elkaar 

regelmatig. Laten we dit in stand houden! Lieneke, we zijn tegelijkertijd begonnen 

met het promotietraject. Dit was fijn, aangezien we in de verschillende fasen van 

dit traject onze ups en downs konden delen. Jullie beiden waardeer ik zeer! Ik vind 

het bijzonder dat jullie vandaag aan mijn zijde staan en wil jullie bedanken voor 

alle hulp rondom de promotie.  

Mijn collega’s van de NHL Hogeschool wil ik bedanken voor hun 

enthousiasme en interesse in mijn onderzoek en voor de stimulerende woorden om 

me een hart onder de riem te steken. Mijn kamergenoten Guido en Lammert van de 

‘rekenkamer’ wil ik in het bijzonder bedanken. Niet alleen voor hun gezelligheid 

maar ook voor hun oprechte belangstelling. Dit heb ik zeer gewaardeerd! 

Deze wetenschappelijke presentatie had ik niet kunnen leveren zonder de 

steun familie, vrienden en buren. Mijn dank voor jullie betrokkenheid en 

aanmoedigingen. Er zijn een paar mensen aan het thuisfront die mijn bijzondere 

dank verdienen. Mijn neefje Yoram, ondanks je drukke baan heb je nog tijd 

gevonden om de cover te ontwikkelen. Ik ben er erg blij mee! Mijn schoonouders, 

Arie en Janny, ik vind het bijzonder dat jullie ondanks jullie eigen drukke leven 

toch altijd interesse hadden in mijn werk en tijd hadden om hulp te bieden. Mijn 

ouders, lieve papa en mama, en mijn zusje Ida, ik ben jullie dankbaar. Dank voor 

 

 

jullie vertrouwen, jullie liefde en jullie hulp. Jurrie en Manon, jullie hebben van 

dicht bij meegemaakt dat promoveren geen baan van 9 tot 5 is. Mijn dank voor 

jullie begrip, geduld en steun.  

 

Tot slot wil ik mijn eigen gezin bedanken. Lieve Marit, je hebt me de ruimte 

gegeven en me geholpen om datgene te doen wat ik graag wilde doen. Ik ben je erg 

dankbaar voor je onvoorwaardelijke steun, liefde, geduld en vertrouwen in mij. 

Lieve Bram en Hugo, beiden zijn jullie geboren tijdens mijn promotietraject. Jullie 

komst en aanwezigheid is een verrijking in mijn leven, een manier om mijn werk te 

relativeren en een bron van geluk dat me vooral energie heeft gegeven om mijn 

werk goed te kunnen doen. Het ‘Engelse boek’ is af, het wordt tijd voor nieuwe 

avonturen. Ik verheug me erop!  
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maar ook voor hun oprechte belangstelling. Dit heb ik zeer gewaardeerd! 

Deze wetenschappelijke presentatie had ik niet kunnen leveren zonder de 

steun familie, vrienden en buren. Mijn dank voor jullie betrokkenheid en 

aanmoedigingen. Er zijn een paar mensen aan het thuisfront die mijn bijzondere 

dank verdienen. Mijn neefje Yoram, ondanks je drukke baan heb je nog tijd 

gevonden om de cover te ontwikkelen. Ik ben er erg blij mee! Mijn schoonouders, 

Arie en Janny, ik vind het bijzonder dat jullie ondanks jullie eigen drukke leven 

toch altijd interesse hadden in mijn werk en tijd hadden om hulp te bieden. Mijn 

ouders, lieve papa en mama, en mijn zusje Ida, ik ben jullie dankbaar. Dank voor 

 

 

jullie vertrouwen, jullie liefde en jullie hulp. Jurrie en Manon, jullie hebben van 

dicht bij meegemaakt dat promoveren geen baan van 9 tot 5 is. Mijn dank voor 

jullie begrip, geduld en steun.  

 

Tot slot wil ik mijn eigen gezin bedanken. Lieve Marit, je hebt me de ruimte 

gegeven en me geholpen om datgene te doen wat ik graag wilde doen. Ik ben je erg 

dankbaar voor je onvoorwaardelijke steun, liefde, geduld en vertrouwen in mij. 

Lieve Bram en Hugo, beiden zijn jullie geboren tijdens mijn promotietraject. Jullie 

komst en aanwezigheid is een verrijking in mijn leven, een manier om mijn werk te 

relativeren en een bron van geluk dat me vooral energie heeft gegeven om mijn 

werk goed te kunnen doen. Het ‘Engelse boek’ is af, het wordt tijd voor nieuwe 

avonturen. Ik verheug me erop!  
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U I T N O D I G I N G
VOOR DE OPENBARE VERDEDIGING 
VAN MIJN PROEFSCHRIFT

TIJD 

14.30 

LOCATIE

ACADEMIEGEBOUW VAN DE
RIJKSUNIVERSITEIT GRONINGEN
Broerstraat 5 te Groningen

Aansluitend receptie
ter plaatse

WILLEM DE KOCK
Marnixstraat 3
8913 GV Leeuwarden
w.d.de.kock@rug.nl

PARANIMFEN

ANOUK DONKER
06-40742440
a.s.donker-bergstra@rug.nl

LIENEKE RITZEMA
06-38316003
e.s.ritzema@rug.nl

DONDERDAG 
24 NOVEMBER
2016
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