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This chapter is submitted as: 

De Kock, W. D. & Harskamp, E. G. (2016). Structured collaboration versus 

individual learning in mathematics education: does it pay off? 
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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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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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solving (Schoenfeld, 1992) can enhance students’ problem solving skills. Previous 
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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 & 
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Hypothesis 1: We expect the process of problem solving to be more time
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Question 2. Is collaborative learning with the use of hints more successful as a 
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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.  
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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 
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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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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 
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increase in performance.  

 

 
Figure 4.6. Average correctly solved word problems in each lesson for both 
conditions.     
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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. 
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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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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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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.  




