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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 
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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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• 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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(‘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 
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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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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 
 

For each lesson a proportion of correct answers was calculated by dividing 

the mean of the problems solved correctly in each lesson by the mean of the word 

problems solved in each lesson, of which figure 2.3 displays the trend over time. 

The line shows ups and downs within the proportion range of 0.6 and 0.8. This 

result indicates that over time the students maintained their performance in 

solving problems correctly. The majority of the students who had exceeded the level 

on which they formerly solved word problems, managed to maintain their 

performance on this higher level. We now know that the students did most of the 
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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. 
 

An explanation for this decline might be that the initial use of the hints improved 

the students’ understanding of how to solve problems in a systematic way (the 

metacognitive framework of episodes). As a result, the number of problems which 

they could solve without help increased. There is some evidence for this 

assumption: the proportion of problems solved correctly by using hints was stable 

over time within a range between .05 and .07 (see Figure 2.5). This finding means 

that when hints were used, the students solved between 50% and 70% of the word 

problems correctly. In turn, they seemed to know when they needed hints and 
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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 

was between 50% and 70%. 
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computer programme. Table 2.6 displays the results of the posttests for the two 

conditions. 
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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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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 



50 51 

 

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.  
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