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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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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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