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In primary education, word problem solving plays an important role in 

mathematics. A word problem is a textual description of a mathematical problem 

situation, which has to be solved with the help of mathematical concepts and 

procedures (Jacobse, 2012; Martin & Mullis, 2013). For instance: In a train there 

are 27 women, 45 men and a number of children. The children are 1/5 of all people 

in the train. How many children are there in the train? 

In mathematics textbooks as well as in tests for the higher grades of 

primary education, solving word problems forms a predominant element (Van der 

Schoot, 2008; Verschaffel et al., 2000). However, many students have difficulty 

with this type of exercise. Generally, this difficulty is not caused by students’ lack of 

mathematical knowledge. The real problem is that often they do not know how to 

use their knowledge properly to solve the word problems correctly (Jacobse 2012; 

Schoenfeld, 1992; Verschaffel et al., 1999). According to Schoenfeld (1992), the 

process of successful problem solving is defined by the following episodes: 1) read 

and analyse the problem, 2) explore the required mathematical knowledge, 3) make 

and execute a plan, and 4) verify the answer. Novice problem solvers spend more 

time on executing their solution plans (calculation) than on adequately analysing 

and exploring the problem items (Schoenfeld, 1992). And because students vary in 

their ability to use the episodes effectively during the problem solving process, 

individual support is often needed.  

In order to help students, computer programmes have been designed which 

provide instructional support based on individual guidance and feedback (Adams 

et al., 2014; Li & Ma, 2010; Zhang, Liu, de Pablos, & She, 2014). Support can 

promote and encourage students’ cognitive and metacognitive activities in the 

problem solving process (Bannert, Hildebrand, & Mengelkamp, 2009). 

Metacognitive activity is related to students’ knowledge of when and why to use a 

particular cognitive strategy to solve a problem (Donker, De Boer, Kostons, 

DignathVan Ewijk, & Van der Werf, 2014). For example, in solving complex 

problems students can be aided by using Schoenfeld’s episodes: reading and 

analysing the problem, explore solutions, formulate a plan and implement it 
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(Zimmerman, 2008). Instructional support can help students in working with these 

episodes and offer strategies (e.g. underlining the key numbers and words to be 

able to read and analyse the problem or making a schema to explore possible 

solutions). This metacognitive guidance promotes students’ learning (Bannert, 

Sonnenberg, Mengelkamp, & Pieger, 2015; Berthold, Nückles, & Renkl, 2007). 

However, instructional support should be easy to use for students. If this is not the 

case, they will be less inclined to use it or will only use it superficially (Koedinger & 

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

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

 



One approach to offer instructional guidance is direct instruction: students 

are instructed stepbystep how to solve word problems in a particular 

mathematics subdomain (e.g. addition and subtraction) (e.g. Jitendra et al., 2009). 

After the instruction the students are asked to practise with similar problems after 

which they receive feedback on their answers. Especially in special primary 

education direct instruction has been proven to be effective (Fuchs et al., 2009; 

Fuchs et al., 2010a; Fuchs et al., 2010b). A drawback of this approach, however, is 

that it cannot be transferred to types of problems (e.g division problems) which 

have not been trained. That is why other researchers are in favour of guided 

instruction which stimulates students to only use the problem solving episodes and 

seek instructional support when they really need it. Part of the training element in 

the guided instruction approach is to make students aware of where in the problem 

solving process (in which episode) they get stuck, and which help they actually 

need. In other words: students are trained in developing metacognitive skills in 

using the episodes of problem solving. They are taught how to regulate their 

process and monitor the obstacles they encounter (Sfard & Kieran, 2001; Hohn & 

Frey, 2002; Ku, Harter, Liu, Thompson, & Cheng, 2007). Schoenfeld (1992) 

promoted students’ use of the episodes by posing procedural questions. In a guided 

instruction approach, his episodes can be used to have students think critically 

about the steps in the problem solving process.  

 

 

Most of the computer programmes for word problem solving are based on 

the problem solving episodes of Schoenfeld (1992) (e.g. Kramarski & Gutman, 

2006; Teong, 2003; Chung & Tam, 2005; Jacobse, 2012; Jacobse & Harskamp, 

2009). They stimulate students in analysing the items, finding or reconstructing 

the numbers and concepts to work with and deciding what to do with them. The 

episodes help the students selfregulate their problem solving activities as 

discussed above. In order to make students use help throughout the whole process, 

the programmes offer hints which present cognitive strategies (via visual schemas 

and explanations) in each episode: a) understand the problem situation (episodes: 

read, analyse and explore), b) find a solution plan (episodes: plan and implement) 

and c) check the answer (episode: verify). The programmes invite the students to 

consider how to solve the problem item in a systematic way following the episodes. 

Each schema in the episodes indicates the relationship between the problem’s 

relevant (numerical and textual) elements and an appropriate solution plan. In this 

way, a mental model of the problem can be constructed (Hegarty & Kozhevnikov, 

1999). To help form this mental model the schema is clarified by textual 

explanations.  

When using hints in word problem solving, the student’s working memory 

has to process much information. This is because the student has to focus on the 

problem and the episodesrelated hints simultaneously. How can this load on the 

working memory be reduced? One way is to present the hint information more 

efficiently. In this paper we want to investigate if the cognitive load caused by hints 

can be lessened by replacing textual explanations by audio explanations.  

As a hint usually consists of a visual schema combined with written 

explanations, all information is processed visually. This visual presentation of 

information could play a role in the overload of the working memory. According to 

multimedia theory, the working memory is less burdened if new information is 

presented as a combination of images and spoken instead of written explanations. 

By presenting information in an audio and a visual mode, it is easier for the 

working memory to process it. This is because the working memory is also 

equipped with a visual and an audio part. This view on information processing has 

been tested as the modality principle (Clark & Mayer, 2011). The modality principle 
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has been applied successfully to tasks where students had to process new content 

(see for reviews of the modality principle: Ginns, 2005 and Reinwein, 2012). In 

many studies (e.g. Harskamp, Mayer, & Suhre, 2007) it was shown that splitting up 

the content of a study text into a visual part (images depicting events like the 

hunting behaviour of a cat or the stages in the development of lightning) and an 

audio part (spoken explanations) made learning more effective than when the 

information was presented in text (written explanations) plus visual images. It 

seems that spoken text combined with visual images enlarges the capacity of the 

working memory in comparison to written text complemented by visual images.  

However, not much is known about the effect of modality when it is applied 

to hints. A hint could be regarded as an extra task meant to help solve a primary 

task (e.g. a word problem). This extra task, however, increases the cognitive load on 

the working memory, because not only the main task has to be anchored in the 

mind but also the hint information. Could the modality effect also apply to hints? 

In word problem solving, does partitioning the content of a hint into a visual 

representation of the problem situation and audio explanations have more effect on 

learning than the traditional hint consisting of a schema plus text explanations? 

To our knowledge, so far only Atkinson (2002) examined the effect of hints 

with respect to audio versus text modality. Atkinson (2002) did so in mathematics 

education. In his study on hintsbased problem solving, part of the student sample 

could use hints presented via a visual schema combined with textual instruction 

while the other half was offered hints via the same visual schema combined with 

audio instruction. The results showed that the group that had used the audio hints 

had higher scores on the posttest than the other group. In the study the students 

were free to use hints or not. The effect of the audiovisual condition was small but 

significant. Other than this study no further research has as yet been conducted on 

the effect of modality in hints. Therefore, we first looked at studies of pedagogical 

agents. Part of the function of pedagogical agents is to give cognitive support to 

students during problem solving. We established that much of the research on 

pedagogical agents is about this role.  

A pedagogical agent is a humanlike figure who verbally communicates 

with the learner by responding to his/her input through feedback. The pedagogical 

 

 

agent can play different roles in a learning environment, such as: demonstrating 

techniques, modelling learning behaviour, providing cognitive support and hints, 

coaching, giving motivational support, and testing (Clarebout, Elen, Johnson, & 

Shaw, 2002).  

Moreno, Mayer, and Lester (2000), and Moreno, Mayer, Spires, and Lester 

(2001) studied the modality effect of pedagogical agents on learning. They 

concluded that students whose pedagogical agents communicated with them 

through voice and images, demonstrated higher scores on recall and transfer tests 

than students who were supported by agents that communicated through onscreen 

text and images. In 2002, Moreno and Mayer reported on similar results in 

connection with the use of pedagogical agents in virtual reality learning 

environments. Audio explanations combined with animations as a means to 

communicate the learning tasks resulted in higher scores on recall and transfer 

tests than text explanations plus animations (Moreno & Mayer, 2002). In his 

studies, Atkinson (2002) also confirmed the modality effect of pedagogical agents 

in virtual reality environments. Mayer, Dow and Mayer (2003) used an 

environment in which an agent helped students to understand the functionality of 

an electrical motor. The students who had received audio instruction with 

animations of the motor performed better on a transfer test than those who had 

received text instruction plus animations.  

Not all researchers, however, have agreed with these results. Some, in fact, 

did not find any evidence of a relationship between the modality of pedagogical 

agents and student performance in problem solving. Clarebout and Elen (2006) 

asked students to solve ecological problems with the help of tools in a computer 

programme, the use of which was commented upon by a pedagogical agent. The 

agent directed the participants’ attention towards these tools, explained their 

functionalities and gave advice, for example by suggesting to the students to check 

their notes and verify their answers before handing in their solutions. The guidance 

was given in text or in audio. The tools in the programme were presented visually 

by the agent. In this study no modality effect of the pedagogical agent was 

observed. Recently, Heidig and Clarebout (2011) performed a review of studies 

which indicated that 9 of 15 studies on the effects of pedagogical agents did not 
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show promising results. This is why these authors have been somewhat sceptical 

towards the effect of agent modality, arguing that the expectations in this area 

should not be too high.  

We may therefore conclude that the current research is not unequivocal 

about the effects of pedagogical agent modalities. As opposed to Moreno and Mayer 

(2002), Mayer, Dow, and Mayer (2003) and Atkinson (2002), Clarebout and Elen 

(2006) did not find agent modality effects. We believe that the modality effect will 

occur if students do not succeed in solving a problem on their own and need the 

help of an agent. 

However, the studies on the effect of pedagogical agents make clear that 

not only the modality of the instructions (audio or text) should be taken into 

account, but also the way in which the agent communicates. The agent has 

appeared to be the most effective when the information is uttered by a human voice 

in a conversational style. Moreno, Mayer and Lester (2000) compared the effect of 

a formal style versus a conversational style of communication on student learning. 

In a conversational style, the agent speaks of “I and you” and appeals to the 

students as individuals. The conversational style appeared to be more beneficial. 

Furthermore, a recent metaanalysis of research in this field has shown that the use 

of a human voice speaking in a conversational style also supports the retention of 

learning and transfer (Ginns, Martin, & Marsh, 2013). When using audio during 

instruction, students are more inclined to follow up the advice or suggestions of a 

human voice if it has a conversational style. 

In this chapter we investigate whether students’ skills in solving word 

problems are affected by the modality of the hints as offered by the computer 

programme. The students’ primary task is to solve the word problem. Hints can be 

used if the students do not succeed in finishing this task on their own. The use of a 

hint is a secondary task intended to make the primary task easier to do. We applied 

the modality principle to the secondary task. The hints in our research were based 

on an episodebyepisode framework in which a visual schema was developed. 

Explanations were provided to clarify the schema and relate it to the word problem. 

These explanations differed in modality; they were offered in text or through a 

human voice. The aim of our research has been to determine if guidance through 

 

 

visual schemas combined with human voice explanations is more effective than via 

visual schemas plus written explanations. This knowledge could be used to improve 

the hintsbased word problem solving programmes (see De Kock & Harskamp, 

2014, for an overview).  





In order to help students in solving word problems, hintsbased computer 

programmes have been designed. The hints in these programmes can be offered in 

the form of visual schemas combined with either text explanations or audio 

explanations. The difference in modality is therefore audio versus text 

explanations. 

The first study was conducted to find evidence for the assumption that the 

modality of hints affects students’ understanding of the hints’ content. Because as 

yet not much evidence has become available regarding the proposition that hint 

modality has an effect on students’ performance in problem solving, we wanted to 

test the possible effect of the audio mode on students’ understanding of hints. We 

assumed that if understanding audiobased hints is easier than understanding text

based hints, the former would provide better solution plans than the latter.  

 

Research question 1: ‘What is the effect of hint modality on students’ solution plans 

in solving word problems?’ 

Multimedia theory argues that information offered in audio form in 

combination with visual schemas is easier for the working memory to process than 

information which is merely visual (text explanation plus visual schema). This is 

because the working memory contains both audio and visual functions to process 

information (Clark & Mayer, 2011). In study 1, students were asked to solve six 

problems. With each problem a hint was provided, covering the episodes 

read/analyse, explore and plan. The hint included a visual representation of the 

problem. It did not provide the correct solution plan but showed directions on how 

to solve the item in a systematic way. These directions were embedded in the 

computer programme. The students first read the problem item and then tried to 

tell the researcher how they were going to solve it. Next, they clicked on the hint 
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assumed that if understanding audiobased hints is easier than understanding text

based hints, the former would provide better solution plans than the latter.  

 

Research question 1: ‘What is the effect of hint modality on students’ solution plans 

in solving word problems?’ 

Multimedia theory argues that information offered in audio form in 

combination with visual schemas is easier for the working memory to process than 

information which is merely visual (text explanation plus visual schema). This is 

because the working memory contains both audio and visual functions to process 

information (Clark & Mayer, 2011). In study 1, students were asked to solve six 

problems. With each problem a hint was provided, covering the episodes 

read/analyse, explore and plan. The hint included a visual representation of the 

problem. It did not provide the correct solution plan but showed directions on how 

to solve the item in a systematic way. These directions were embedded in the 

computer programme. The students first read the problem item and then tried to 

tell the researcher how they were going to solve it. Next, they clicked on the hint 
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and after viewing it, they told the researcher for a second time how they would 

solve the problem. To observe how the students analysed and planned the solutions 

to the problems, they were asked to verbalise their thoughts aloud. Two 

circumstances were important in this type of experiment (Ginsburg, 1983). First, 

the word problem had to be complex enough to induce students to think the 

content through properly and analyse the item. Simple word problems, which do 

not require much analysis, would not sufficiently invoke verbal responses. In our 

experiment quite complex items were therefore used to meet this condition. The 

second requirement was a minimal interference of the researcher when the 

students expressed their thoughts (Ericsson & Simon, 1993). For this reason, a 

protocol was used with strict rules regarding the questions and suggestions put to 

the students. 

If the first study produced the expected results, a second study would be 

conducted. Once it was established that audio hints improve students’ problem 

solving skills more than text hints, the modality effect could be tested in a computer 

programme in which the usage of hints was not obligatory. In most programmes 

aimed at improving students’ word problem solving skills, the provision of hints is 

optional (De Kock & Harskamp, 2014). This approach is in line with the general 

focus of word problem solving teaching. It is argued that students should initially 

learn to use the problem solving episodes by themselves and only use hints if they 

fail to proceed on their own. Care was taken that most items were difficult enough 

for the larger part of the students to need support.  

 

Research question 2: “What is the effect of hint modality in a computer programme 

for word problem solving on students’ problem solving skills, both during the use of 

the programme and afterwards in a test?”  

We assumed that the students would make use of the hints if they did not 

know how to proceed. We expected that they would use audio hints just as 

frequently as textbased hints (Atkinson, 2002), but that the first type of hints 

would improve their problem solving skills more than the latter. In the second 

study, the hints would be used less often compared to the first study because they 

were optional. Therefore, it was expected that the effect of the modality principle 

 

 

would be smaller (see Clark and Mayer, 2011, for an overview of the effect of 

obligatory versus non obligatory pedagogical agents). 

 



 

The aim of study 1 was to check if hints containing a visual schema and audio 

explanations were more beneficial to students’ problem solving skills than hints 

containing only visual information.  

 





 This study was executed in 3 grade five classes in the Netherlands (11 to 12 

year old students). Within the classes, the students were matched in pairs on the 

basis of their problem solving test scores. From each pair the students were 

randomly assigned to one of the two conditions. In total, 41 students participated of 

which 20 were assigned to the audiovisual condition and 21 to the textvisual 

condition. The mean age of the students in the audiovisual condition was 11.28 

( = .33) and in the textvisual condition 11.44 ( = .40). The audiovisual 

condition included 10 girls and 10 boys, and the textvisual condition 9 girls and 12 

boys.  

 





 The aim of this test was to match the students and assign them randomly to 

one of the two conditions. The problem solving test consisted of 21 novel word 

problems. These items were similar to those in the Dutch standardised tests used 

by most elementary schools (CITO, 2002). The students had to finish this paper 

and pencil test in 30 minutes. For each word problem which was solved correctly, a 

score of 1 was awarded, while in total the students could obtain a score of 21. The 

reliability of the problem solving test was good, with a Cronbach’s α of .84.  
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Via the computer programme six word problems plus hints were presented. 

To investigate the modality effect, two versions of this programme were 

constructed. In the text version, the hints consisted of visual schemas that offered a 

stepbystep depiction of the relationships in the problem situation and showed the 

way to a solution plan. The schemas were complemented by written explanations. 

In the audiovisual version, the schemas were combined with audio explanations, 

read by a human voice. Apart from the difference in hint modality, the two 

programmes were identical.  

 

 
Figure 6.1. Sample problem; the first and second columns show the visual schemas 
and content of the textbased hints. 
 

 

 

First, the word problem was shown, after which the student was asked to 

verbalise how it could be solved. Then, a hint was presented, consisting of a series 

of screens shown one after another. Each subsequent screen depicted more details 

of the problem situation and was supplemented by explanations. First, it was 

indicated how the problem should be read and analysed and after that how the 

solution could be planned. In both conditions, the hints were shown for as long as 

necessary. Figure 6.1 presents an example of a word problem combined with hints. 

In this example, the students had to calculate the distance covered by Bram from 

home, during training and back home. Difficulties could occur if students did not 

acknowledge that three laps had to be covered and that the distance from home to 

the training ground was identical to the distance back home. To support the 

students’ word problem solving process, a series of episodes was presented 

combined with hints. The first episode was reading and analysing. Here a visual 

schema was provided to sketch the situation referring to the word problem. The 

second episode was Exploring. Here textual and numerical information was added 

to the visual model. The last episode was planning. Here the hint dealt with 

integrating the situational model into a mathematical plan that should form the 

basis for a correct solution plan. 

 



Prior to the intervention, a problem solving test was administered to the 

students in our sample. Next, they were assigned to the audiovisual or the text

visual condition, and the intervention began. The students were asked to solve six 

word problems using hints. These six word problems and hints were presented in a 

fixed sequence. It was decided that for each word problem only one hint would be 

offered, which included the first four episodes (read, analyse, explore and plan) of 

Schoenfeld’s model (1992).  

The students worked on the problems in an individual setting under 

supervision of a researcher. After being presented with an item, the students were 

asked to explain to the researcher how they were going to solve it (solution plan). 

Next, the students were instructed to press a key on the keyboard of the computer, 

after which a hint appeared on the screen during a fixed time. In the audiovisual 
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condition, the hint consisted of a visual schema and spoken explanations (visual 

and audio mode of presentation). In the textvisual condition, the hint contained 

the same visual schema, but now combined with textbased explanations (text

visual mode of presentation). In both conditions the content of the hint 

information was identical. After the hint disappeared, the researcher asked the 

students to explain again how the problem could be solved. The procedure below 

describes how the programme was organised (see Table 6.1). 

 

Table 6.1 

Procedure of the intervention in the experimental conditions  

  
 
Asks the student to read 
aloud the word problem 
that you see  
 

 
Reads the word problem aloud 

 

Asks the student to explain 
step by step how you 
would solve this word 
problem 
 

Explains how the word problem can be 
solved or says that he/she does not know 
how to solve it 
 

1 min* 
 

Asks the student to click 
on the right arrow key to 
go to the hint 
 

Presses the right arrow key on the keyboard 
and watches the hint 

 

 
After presentation of the hint ….. 
 

 

 
Asks the student to explain 
how he/she would solve 
the problem now 
 

 
Explains how the word problem can be 
solved or says that he/she does not know 
how to do it 
 

 
1 min* 

Asks the student to click, 
to go to a new word 
problem 
 

Presses the right arrow key on the keyboard 
 

** 

*If students fell silent for more than 10 seconds they were encouraged to proceed 
by the request ‘please continue’.  
** 10 seconds after finishing the previous problem 



For each of the six word the students’ solution plans were compared to the 

model answers made in advance. Correct answers had to contain all elements 

 

 

presented in the answer model and produce the correct answer, for example 2 x 2.1 

added to 3 x 4.8 or a similar solution plan (see Figure 6.1). 

A score of 1 was given if the student’s answer was in agreement with the 

model answer. An incorrect or partly correct answer was scored as 0. The students 

obtained two scores for each word problem (before and after the hint). To calculate 

the reliability of this instrument Cronbach’s alpha was employed. It was shown that 

both before and after a hint the solution plan scores were sufficiently reliable: α = 

.70.  

 





 As a check on randomisation, the averages of the pretest of the audio

visual condition (M = 15.80, SD = 4.20) and the textvisual condition (M = 15.62, 

SD = 4.17) were compared. There were no differences between the conditions in the 

mean scores (t(39) = 0.14, p = .89). 

 



In summary, both before and after a hint was offered, the students 

delivered a solution plan, which was scored as either correct or incorrect. Table 6.2 

presents the average number of correct responses from the students before and 

after the hints were provided.  

 

Table 6.2  

Means and standard deviations of correct explanations of six problem items 
before and after hints were offered and the difference score 
 

 Before hints  After hints  Difference  

 (0  6)  (0  6)  (6  6) 

 M SD  M SD  M SD 

Audiovisual condition 2.15 1.46  5.25 1.12  3.10 1.71 

Textvisual condition 1.86 1.32  3.24 1.67  1.38 1.50 
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Before a hint was received, no differences were expected between the students’ 

solution plans. Although table 6.2 indicates a small difference between the audio

visual condition (M = 2.15, SD = 1.46) and the textvisual condition (M = 1.86, SD = 

1.32), this disparity appeared not to be statistically significant (t(39) = .68, p = 

.503). When estimating the differences in scores between the conditions after the 

presentation of hints, we wanted to make sure, however, to take possible small pre

hint differences between the groups into account.  

Table 6.2 indicates that after a hint was received, there were indeed 

differences in the students’ responses between the audiovisual condition (M = 

5.25, SD = 1.12) and the textvisual condition (M = 3.24, SD = 1.67). An analysis of 

covariance was performed with ‘condition’ as factor, ‘number of correctly 

verbalised solution plans before hints’ as covariate, and ‘number of correctly 

verbalised solution plans after hints’ as dependent variable. The analysis shows that 

the students in the audiovisual condition outscored their counterparts in the text

visual condition (F(1,38) = 20.02, p < .001). The difference between the two 

conditions is of a large size (d = 1.41); larger than the effect size (d = 0.66) in the 

first experiment of the study of Atkinson (2002) between the text only and voice 

only conditions.  

Furthermore, we checked for an interaction effect between condition and 

the number of correctly verbalised solution plans before the hints. We found that 

there was no such effect (F(1,37) = 3.28, p = .078). So, the effects of the two types of 

hints were equally beneficial. 

Therefore, hints with visual schemas in combination with audio 

explanations seemed substantially more beneficial for the formulation of solution 

plans than hints containing visual schemas and text explanations. But how did the 

students in the audiovisual condition benefit? The distribution of the difference 

scores of the two conditions may give an indication (see Figure 6.2). 

 

 

 

 
Figure 6.2. Distribution of the mean difference scores in the two experimental 
conditions. 
 

In the textvisual condition, there were 14 students whose solution plans 

had not much improved after display of the hints. With a total of six problems 

items they progressed on average 1 point or less. One student even performed 

worse after the hints than before and 5 students did not make any progress. 

However, 16 students in the audiovisual condition gained more than 1 point after 

being given hints. Only 4 students in this condition progressed only 1 point or not 

at all.   

These results could mean that in a textvisual condition hints are more 

difficult to process by the working memory. This may imply that hints with only 

visual elements are less effective in helping students improve their initial solution 

plans. In the audiovisual condition the hints were better understood while the 

students’ solution plans also improved. 

 



In this study, the effects were investigated of different hint modalities on 

students’ solution skills. It was demonstrated that hint modality is related to hint 

effect. Students who were given audiobased hints were more successful in 

improving their problem solution plans than students who were offered the same 

hints in writing. The students were given the hints after their first trial in making a 

solution plan. With each problem item, they had to study the hint in a fixed period 

of time and then produce a final solution plan. The time in which the hint 

information had to be processed was short, and under this circumstance audio 

explanations appeared to be the most effective.  

0
1
2
3
4
5
6
7
8
9

2 1 0 1 2 3 4 5 6

Fr
eq

ue
nc

y

Difference score in textvisual condition

0
1
2
3
4
5
6
7
8
9

2 1 0 1 2 3 4 5 6
Difference score in audiovisual condition



6

7

8

154 155 

 

Before a hint was received, no differences were expected between the students’ 

solution plans. Although table 6.2 indicates a small difference between the audio

visual condition (M = 2.15, SD = 1.46) and the textvisual condition (M = 1.86, SD = 

1.32), this disparity appeared not to be statistically significant (t(39) = .68, p = 

.503). When estimating the differences in scores between the conditions after the 

presentation of hints, we wanted to make sure, however, to take possible small pre

hint differences between the groups into account.  

Table 6.2 indicates that after a hint was received, there were indeed 

differences in the students’ responses between the audiovisual condition (M = 

5.25, SD = 1.12) and the textvisual condition (M = 3.24, SD = 1.67). An analysis of 

covariance was performed with ‘condition’ as factor, ‘number of correctly 

verbalised solution plans before hints’ as covariate, and ‘number of correctly 

verbalised solution plans after hints’ as dependent variable. The analysis shows that 

the students in the audiovisual condition outscored their counterparts in the text

visual condition (F(1,38) = 20.02, p < .001). The difference between the two 

conditions is of a large size (d = 1.41); larger than the effect size (d = 0.66) in the 

first experiment of the study of Atkinson (2002) between the text only and voice 

only conditions.  

Furthermore, we checked for an interaction effect between condition and 

the number of correctly verbalised solution plans before the hints. We found that 

there was no such effect (F(1,37) = 3.28, p = .078). So, the effects of the two types of 

hints were equally beneficial. 

Therefore, hints with visual schemas in combination with audio 

explanations seemed substantially more beneficial for the formulation of solution 

plans than hints containing visual schemas and text explanations. But how did the 

students in the audiovisual condition benefit? The distribution of the difference 

scores of the two conditions may give an indication (see Figure 6.2). 

 

 

 

 
Figure 6.2. Distribution of the mean difference scores in the two experimental 
conditions. 
 

In the textvisual condition, there were 14 students whose solution plans 

had not much improved after display of the hints. With a total of six problems 

items they progressed on average 1 point or less. One student even performed 

worse after the hints than before and 5 students did not make any progress. 

However, 16 students in the audiovisual condition gained more than 1 point after 

being given hints. Only 4 students in this condition progressed only 1 point or not 

at all.   

These results could mean that in a textvisual condition hints are more 

difficult to process by the working memory. This may imply that hints with only 

visual elements are less effective in helping students improve their initial solution 

plans. In the audiovisual condition the hints were better understood while the 

students’ solution plans also improved. 

 



In this study, the effects were investigated of different hint modalities on 

students’ solution skills. It was demonstrated that hint modality is related to hint 

effect. Students who were given audiobased hints were more successful in 

improving their problem solution plans than students who were offered the same 

hints in writing. The students were given the hints after their first trial in making a 

solution plan. With each problem item, they had to study the hint in a fixed period 

of time and then produce a final solution plan. The time in which the hint 

information had to be processed was short, and under this circumstance audio 

explanations appeared to be the most effective.  

0
1
2
3
4
5
6
7
8
9

2 1 0 1 2 3 4 5 6

Fr
eq

ue
nc

y

Difference score in textvisual condition

0
1
2
3
4
5
6
7
8
9

2 1 0 1 2 3 4 5 6
Difference score in audiovisual condition



156 157 

 

But why was the audiovisual condition more effective? One explanation 

could be that information offered bimodally (audio and text) in a limited time 

frame is easier to process by the working memory than information offered only 

visually through an image with text. This is because the working memory consists 

of an audio and a visual function, and by presenting information coherently via 

both modes the knowledge load is divided and can be easier processed. 

Furthermore, the voice in the audiovisual condition might have triggered the 

students to pay more attention to the hint information. A human voice has more 

value as a social cue than written text (Clark & Mayer, 2011). This study seems to 

support the conclusions of Atkinson (2002), Moreno (2005) and Moreno, Mayer, 

Spires, and Lester (2001) about the effect of the modality of pedagogical agents on 

students’ thinking processes during problem solving. Students seem to be better 

able to improve their understanding of word problems if a human voice explains 

how to go about solving this type of mathematical question items. 

 



 



If in the first study support was gained for the expectation that audio hints 

are more effective than text hints, a second study could be undertaken. Our first 

study showed that in a situation where the use of hints and the available time to 

process them are controlled, audio hints indeed better enabled students to produce 

correct solution plans. In this study it was not tested, however, how students would 

operate if they were free in choosing hints or not, and if no time limitations were 

imposed on solving the problem items. Neither did we test the transfer effect of 

audio hints and whether the posttest performance of students in the audiovisual 

condition was better than that of students in the textvisual condition. These issues 

were therefore tested in a new experiment. 

In this experiment a computer programme with 48 word problems was 

used. In eight lessons six problem items were offered. With each problem the 

students had access to a hint. The hints had the same design as those in the first 

study. There were two programme versions: an audio hint version and a text hint 

 

 

version. The hints in both versions were accompanied by visual schemas. The 

difference between the hints was the mode of the explanations: audio (verbal) or 

text (written). 

 In each hint, the episodes read, analyse, explore and plan were presented in 

the respective sequence. The goal was to help the students understand the 

problem’s content and how to translate this knowledge into a mathematical 

solution plan. It was important that the hints contained just enough information to 

be helpful without giving away the answer to the problem item.  

To support the students in reading and analysing, a graphical schema was 

presented that depicted the problem situation. To give an indication of which 

mathematical knowledge had to be explored, this schema was further elaborated 

with textual and visual key elements from the word problem. The hint formed a 

stepbystep mathematical representation of the problem to support the student in 

constructing the solution plan (see Figure 6.4b).  

 The free choice of help only when needed, is an important characteristic of 

guided instruction, an instructional approach which many word problem solving 

programmes are based on (De Kock & Harskamp, 2014). This free choice renders 

students responsible for their own learning and makes them aware of where they 

are in their solution process, what the obstacles are and how to seek help (De Jong, 

2005).  

We wanted to investigate whether in guided instruction, the use of audio 

versus text hints had an effect on students’ skills in word problem solving. We 

expected that in the situations where students decided to choose help, audio hints 

would put less of a burden on the students’ working memory than visual hints, 

enabling them to process the information more actively and thoroughly (Moreno, 

2005).  

 



The participants in this study were 58 students from 4 grade five classes in 

the Netherlands, of whom 28 were assigned to the audiovisual condition and 30 to 

the textvisual condition. For both groups in the experimental design, pre and 
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the research conditions. The average ages of the groups were 11.67 years (SD = .40) 

for the audiovisual condition and 11.73 years (SD = .48) for the textvisual 

condition. The audio class comprised 16 girls and 12 boys and the text class 15 girls 

and 15 boys.  

 





Both before and after the experiment, all students had to make a problem 

solving test. The pretest contained 15 items and the posttest 20 (see Table 6.3). 

For the posttest, the 15 items of the pretest were slightly adapted, while 5 more 

complex items were added. The items were similar to those in the Dutch 

standardised tests for primary school grade 6 (CITO, 2002).  

 

Table 6.3 

Overview of two items of the problem solving test 



A farmer divides a plot of farmland into four equal parts. 

The plot is 10 m in width and 60 m long. 

How large is the area of each part? ___ m2 



Two friends, Peter and Sacha, each buy a TV set.  

They choose to pay in installments.  

Sacha pays 35 euro in 12 months.  

Peter pays his TV set in 18 months for 25 euro per installment.  

How much more does Peter pay than Sacha? € ___ 

 

For each problem solved correctly a score of 1 was awarded. In total the 

students could obtain 15 points for the pretest and 20 for the posttest. The 

reliability of the pre and the posttests as indicated by Cronbach’s alpha was .74 

and .81, respectively. This rate indicates a sufficient to good reliability of the 

 

 

instruments. Moreover, the tests were correlated (r = .77, p < .001), which means 

that they both measured the same problem solving skills. 

 



In the experiment, a webbased computer programme named PSHints was 

used. In total, 48 word problems were divided over 8 lessons. To each of the 

problem items hints were added. The items were taken from the computer 

programme of De Kock and Harskamp (2014). They required two or more 

calculation steps, which is generally perceived as difficult for students of the age of 

11 (Van der Schoot, 2008).  

We employed two versions of the computer programme, which differed in 

the way in which the explanations were presented in the hints. In the audiovisual 

condition, the students could request a hint in the form of a series of visual 

schemas combined with spoken explanations. In the textvisual condition, the 

schemas were accompanied by written explanations. In both conditions the word 

problems, the computer programme interface, and the display of the hints in terms 

of length and time were similar. 

Each student logged into the programme with their own unique login name 

and password. Next, they selected a lesson. Each lesson had a time limit of 20 

minutes, and in the interface of the programme a timer was displayed that 

measured the time from the moment when a student started with the first item. 

Apart from the problem item there was also a menu visible in the middle of the 

screen (see Figure 6.4a). In this menu three options could be selected: a) help, b) 

answer attempt, and c) feedback. The options “help” and “answer attempt” could be 

chosen directly while the third option (feedback) appeared after the word problem 

was completed. 

If students knew the answer they could click on the answer attempt button 

and type the answer in numbers and symbols. After the answer had been filled in 

and sent, the students immediately received a message whether it was correct. This 

message came as a popup. For each item there were two answer attempts allowed.  

Students could request the “help” option in case they did not know how to 

solve the item. This option provided the hint. If students chose a hint, a schema of 
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the problem situation appeared together with explanations at the right side of the 

screen (Figure 6.4a). The hint showed the situation in two or more steps and gave 

clues on how to formulate a solution plan. Figure 6.4b depicts an example of the 

sequence of the problem solving episodes in a hint. 

 
Figure 6.4a. Interface of the computer programme with a hint (textvisual 
condition). 
 

 
Figure 6.4b: a hint with three episodes to support the problem solving process: 
reading/analysing, exploring and planning (textvisual condition). 
 

In figure 4b, the first screen of the hint is focussed on the episode reading 

and analysing the problem. The aim is to support students in constructing a mental 

model of the problem situation. The second screen is meant to support the episode 

exploring. The student is triggered to explore his/her mathematical knowledge to 

analyse the relationship depicted in the schema. Next, further details are added to 

the schema. The third screen supports the episode planning. Here the hint helps 

the student in finding a mathematical solution plan. The sequence of screens 

provides a systematic overview of how to solve the problem. If students use the 

 

 

hints for a number of problems and follow the sequence of the episodes, they can 

learn a strategy which enables them to solve rather complex word problems. 

In both conditions the visual schemas in the hints were the same (with the 

written text replaced by spoken text in the audiovisual condition). At the bottom, a 

timer (rectangle with a blue visual indicator) showed for how long the information 

was going to be displayed. The duration of the hints was equal in both versions of 

the programme. After addressing a hint, another attempt could be made to solve 

the problem. After answering the item, the feedback option became available in the 

menu, which showed the correct solution. The students could compare their 

solution to this model answer. 

 



The experiment started with the problem solving pretest. After randomly 

assigning the students to either the audiovisual or the textvisual condition, they 

were granted 30 minutes to complete this paper and pencil examination.  

The whole intervention entailed 8 lessons during which the students 

worked with the computer programme under supervision of a researcher. For every 

student a computer was reserved so that they could work individually. In each 

lesson 6 word problems were offered, which had to be completed in 20 minutes. 

Before each lesson, 5 minutes were planned for the necessary organisational 

aspects of the intervention. Before the first lesson, the students received a preflight 

training of 40 minutes. In this training the use of hints was practised and the 

students were asked to predict whether or not they would need them. After that, 

the students were trained in the systematic use of the four episodes and how to 

recognise them in each hint. After the training, two lessons each week were 

organised with the programme for a total of 4 weeks. Finally, all students 

participated in the problem solving posttest. Based on the results of both tests, the 

effect of the training could be determined.   
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The students were randomly assigned to one of the two conditions. To 

check whether the two groups did not differ in their problem solving skills, a pre

test was administered at the beginning of the experiment (see Table 6.4).  

 

Table 6.4 

Students’ pretest scores: means and standard deviations 

 Solving word 

problems 

 (015) 

 M SD 

Audiovisual condition 7.93 2.96 

Textvisual condition 7.43 3.34 

 

Table 6.4 shows the mean scores of the students in both conditions. It 

seems that the students in the audiovisual condition (M = 7.93, SD = 2.96) 

performed slightly better in the pretest than the students in the textvisual 

condition (M = 7.43, SD = 3.34), although an independent ttest indicated that 

these differences were not significant (t(56) = 0.60, p = .54). In the statistical test 

of the audiovisual condition’s effect versus the textvisual condition’s effect in the 

posttest, however, we made sure to take this pretest outcome into account. 

 



All students managed to take part in the 8 computer lessons and there was 

noone who missed a session. Table 6.5 presents an overview of the use of the 

computer programme for both conditions.  

Table 6.5 demonstrates that the mean number of word problems finished was 

almost equal for both groups. Both mean averages of the number of items done 

closely corresponds to the maximum number of word problems (48) offered in the 

 

 

computer programme, while the standard deviation in both conditions is low. This 

implies that most students were able to finish almost all of the items. With regard 

to the number of items solved correctly, the audiovisual group (M = 36.68, SD = 

7.30) performed better than the textvisual group (M = 29.90, SD = 10.74): the 

audiovisual condition outperformed the textvisual condition (t(51.317) = 2.826, p 

< .001). The opposite applied to items solved incorrectly. Table 6.6 shows how 

successfully the hints were used. 

 

Table 6.5 

Number of word problems finished and solved: means and standard deviations 

 Word 

problems 

finished 

 Correctly 

solved word 

problems 

 Incorrectly 

solved word 

problems 

 (048)  (048)  (048) 

 M SD  M SD  M SD 

Audiovisual condition  47.64 0.78  36.68 7.30  10.96 7.12 

Textvisual condition 47.50 1.36  29.90 10.74  17.60 10.41 

 

 

Table 6.6 

Usage of hints and problems solved: means and standard deviations 

 Word 

problems with 

hints 

 Correctly 

solved with 

hints 

 Percentage of 

time used 

per hint 

 (048)  (048)  (048) 

 M SD  M SD  M SD 

Audiovisual condition  11.71 7.12  7.07 4.88  93 8 

Textvisual condition 15.17 7.95  7.10 3.38  88 11 
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Table 6.6 indicates that the students used hints with some of the problems. 

In the audiovisual condition they made less use of them (with 11.71 of the 

problems) than in the textvisual condition (15.17 of the problems), however, this 

difference was not statistically significant (t(56) = 1.737, p = .088). The audio

visual group used on average 93% of the time available per hint and the textvisual 

condition condition 88%. So, the audiovisual condition used on average fewer 

hints but spent more time on processing their content.  

After using hints, the audiovisual condition solved 60% (7.07 / 11.71) of 

the problems correctly whereas for the textvisual condition this percentage was 

47% (7.10 / 15.17). Figure 6.5 shows that this was the case in almost all of the eight 

lessons. The effectiveness of the audiovisual group was persistently higher during 

the entire programme. This group clearly seemed to profit more from the use of 

hints than the textvisual condition.  

 
Figure 6.5. Proportion of word problems solved correctly after the use of hints.  

 

The data suggest that students in the audiovisual condition used hints less, but 

spent more time on them and were more successful in using them. Overall, the 

audiovisual condition profited more from the programme than the textvisual 

condition.  
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 It was expected that the audio group would perform better in the posttest 

than the text group. All participants completed the test (see Table 6.7).  

 

Table 6.7  

Students’ posttest scores: means and standard deviations 

 Solving word 

problems 

 Solving word 

problems 

(020)  (020)* 

M SD  M SD 

Audiovisual condition 13.93 2.98  13.69 2.52 

Textvisual condition 11.83 4.84  12.22 2.73 

*=corrected for pretest problem solving 

 

In table 6.7, the mean score of the audiovisual condition (13.93) seems higher than 

that of the textvisual condition (11.83). In the final analysis of the posttest results, 

the small difference between the two conditions in the pretest was taken into 

account. We conducted an ANCOVA with the pretest scores as covariate, condition 

as independent variable and the posttest scores as dependent variable. The last 

row in table 6 includes the corrected means of the posttest scores for both 

conditions.   

  The ANCOVA reveals that the predicted main effect of the audiovisual 

condition was significant (F(1,55) = 5.080; p = .028). The difference between the 

two conditions was of an intermediate size (d = .58). Although this effect size is 

smaller than in the first study, the results do indicate that the audiovisual 

condition led to better results than the textvisual condition. We also checked 

whether the influence of the two conditions on the relatively high or lowskilled 

problem solvers was larger in the posttest. There was no significant interaction 

effect between the pretest and the condition on the posttest results (F(1,54) = 

3.503; p = .067). 
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Correlational analysis showed that there was a strong relationship between the 

number of problems solved correctly in the programme and the posttest scores (r 

= .79, p < .001). Even after correction for pretest achievement, this correlation 

remained strong (r = .55, p < .001). One may therefore assume that the larger 

number of problem items solved correctly in the programme by the audiovisual 

contributed to their higher score in the posttest. 

 



In this second study, the effect of hint modality on students’ problem 

solving skills was examined. Although hints were used for only part of the problem 

items in the programme, it was nevertheless demonstrated that the audiovisual 

version led to a higher percentage of items solved than the textvisual version. The 

posttest scores showed a distinct difference between the two conditions. 

Therefore, there is evidence that the use of audiovisualbased hints (containing 

visual schemas and audio explanations) yields a higher percentage of problems 

solved correctly and a better improvement of students’ problem solving skills than 

the use of textvisualbased hints (containing visual schemas and text 

explanations). However, as the students were free in deciding whether or not to use 

hints – which means that they also solved problem items without them – we could 

not establish a direct relationship. When there is free choice, hints (or other types 

of instructional support) are only used if needed (Aleven & Koedinger, 2000; 

Baker, Corbett, & Koedinger, 2004). As the students in the audiovisual condition 

used the hints more effectively in the programme and achieved a higher solution 

rate, it is likely that as a consequence they solved more problems independently in 

the posttest than their counterparts in the textvisual condition. The more effective 

use of the hints in the programme may have led to their higher posttest scores. 

 



 

In both studies, primary school students were offered hints when solving word 

problems. In the first study, six complex items had to be completed. One group of 

students was given audiovisual hints (visual schemas accompanied by 

 

 

explanations of a human voice) while another group received hints with solely 

visual elements (visual schemas combined with textual explanations). It was tested 

whether the solution plans of the students in the first group improved more than 

those of the students in the second group. As this was the case, this study indeed 

indicated that audio explanations combined with visual information are better 

understood by students than text explanations combined with visual information. 

So since this study yielded positive results, a second experiment was undertaken. 

For this second study, 48 word problems with hints were implemented in a 

computer programme. Again there were two groups of students, an audiovisual 

and a textvisual condition. This time, the students were free to decide whether 

they did or did not want to use the hints. The aim was to find out if the students in 

the audiovisual condition used the hints more successfully in the programme and 

better improved their problem solving skills (as indicated by the posttest) than the 

students in the textvisual condition.  

In this experiment the students did not use hints in all of the problems. On 

average they used them for 25% of the items. Other reseachers have reported a use 

of hints of 50% of the word problems in their programmes (Jacobse & Harskamp, 

2009; De Kock & Harskamp, 2014). Probably, in our programme, some of the 

problems were not so difficult that the students needed help. As help tends to slow 

down the speed of the problem solving process, students will use hints only when 

they do not know how to start or proceed (Baker, Walonoski, Heffernan, Roll, 

Corbett, & Koedinger, 2008). The higher success rate in hints use in the audio

visual condition may have contributed to the students’ improved understanding of 

the use of Schoenfeld’s episodes for solving problems. Therefore, the audiovisual 

condition may have developed a more systematic problem approach. However, in 

this study we were not able to show a direct relationship between a successful use 

of hints and overall success throughout the programme.  

Nevertheless, what counts most is that the students in the audiovisual 

condition solved a larger number of problems correctly in the programme. And our 

analysis has shown that this factor directly contributed to the higher scores of this 

group in the posttest.  
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Both experiments showed that audiovisual hints better improved the students’ 

results in solving problems than visual hints. In the first study, the number of 

correct solution plans was higher for the use of audiovisual hints than for the use 

of visualhints. In the second study, the use of audiovisual hints led to a larger 

amount of correctly solved word problems in both the computer programme and 

the posttest. The question is, however, if audiovisual hints better improved 

students’ understanding of the problem situations and the solution plans than 

visual hints. The first study seems to answer this question affirmatively. It supplies 

evidence that information transferred via the human voice gives students more 

insight into their solution strategy choices than visual textbased information. 

However, there are different  in fact, two alternative  ways of explaining this 

outcome. One is that it is the result of the modality of the hints. An audio hint 

burdens the working memory to a lesser extent than a text hint. That is why 

students understand audiovisual hints better than visual hints. The other 

explanation could be that the outcome is related to the human voice as such. 

Instruction presented by a human voice in a conversational style is a social cue that 

attracts the listener’s attention to a larger degree than a text presentation. It cannot 

yet be claimed with certainty which explanation is correct, but perhaps the answer 

lies in a combination of the two (Moreno, 2005; Clark & Mayer, 2011). For our 

research, however, this is not the most important question. For educational 

purposes it is important to know that optional audio hints have an extra impact on 

students’ word problem solving skills. In the experiment we tried to prove this 

premise. But because it was not possible to check the students’ actual 

understanding of the hints, we had to rely on their successes in solving the 

problems provided by the programme. We found that in the audiovisual condition 

the students were more successful. And although we suggested that this result 

might be explained by the difference in hint modality, we have no direct evidence to 

support this proposition.  

 Future research should therefore focus on the hints use of the individual 

student. Relevant questions in this context are:  

 

 

 

1) Why does a student choose to address a hint? To establish the effects of hints it is 

important that students only use them if they really need them. Hints should not be 

addressed randomly (Gräsel, Fischer, & Mandl, 2001; Slavin & Lake, 2008). Future 

empirical study designs may enable one to identify the stimuli that enhance 

students’ eagerness to use hints. Furthermore, the choice to request for 

instructional help could also be influenced by students’ personality characteristics 

(Capuano, D´Aniello, Gaeta, & Miranda, 2015; Zhang, De Pablos, & Xu, 2014). 

Apparently, as we have seen in our research, briefness, clarity and helpfulness of 

hints are not the determining factors of their use. Perhaps their use increases if the 

hints are personalised by adapting the gender of the hint voice, the language 

(formal or informal) and/or the measure of politeness (e.g. Clark & Mayer, 2011). 

Hints use may also be increased by introducing the rule that when a student fails to 

give a correct first answer, seeking assistance becomes compulsory. A relevant 

question is then whether this group of students accepts this help and effectively 

uses the information to improve their solution skills (Aleven & Koedinger, 2000; 

Baker, Corbett, & Koedinger, 2004).  

 

2) How does the use of hints improve students’ solution processes and a systematic 

approach to problem solving? To what extent do students understand the hint 

information and connect it to their solution processes? Our first study showed that 

thinkaloud protocols are useful in making students verbalise their thoughts. 

Perhaps in future studies they can be asked to explain how hints influence their 

solution plans. It will then be clarified in more detail what impact hints  as short 

presentations of a sequence of episodes – have on students’ systematic problem 

solving skills (Kramarski & Gutman, 2006; Verschaffel, De Corte, Lasure, Van 

Vaerenbergh, Bogaerts, & Ratinckx, 1999).  

 

3) What are the differences in use between audio and text hints? It is well known 

that audiovisual instruction is more timeconsuming than visual instruction. That 

is why the coaching has to be brief. It would therefore also be interesting, for 

example, to have students solve six problems with access to audiovisual hints and 

another six with access to visual only hints, and have them explain their hints use 
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with each problem as well as which modality they appreciate the most and why. 

Further study of the modality effect could offer an important contribution to the 

knowledge about the development of more effective support measures for 

improving students’ word problem solving skills through instructional aids, such as 

hints and pedagogical agents (Clarebout, Elen, Johnson, & Shaw, 2002; Clark & 

Mayer, 2011). 
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