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VOORWOORD 

 

Dit boek beschrijft een verhaal. Je kunt het samenvatten tot enkele bladzijden, zoals terug te 
vinden in de Nederlandse samenvatting. Je kunt het zelfs samenvatten tot 250 woorden; dat is 
voldoende voor de krant. Wat houdt het verhaal in? Het gaat over een mogelijkheid om 
sommige leerlingen bij een bepaald vak in een bepaalde situatie, met specifieke middelen, beter 
te laten leren. Dat is het verhaal. Mooi. 

Maar achter dit boek zit nog een verhaal. Daarvoor neem ik in dit boek deze ene 
bladzijde. Dat is natuurlijk nooit voldoende dus wordt dit een hele korte samenvatting, waarbij 
ik zeer zeker iemanden of ietsen over het hoofd zie. Ik hoop dat het me wordt vergeven zo aan 
het eind van dit verhaal. 

Het verhaal achter dit boek begint 14 jaar geleden in 1995 als Jan Schröder me vraagt 
voor een bijbaantje, naast mijn eerste echte schoolbaan. Hij zou me graag hints laten 
ontwikkelen; en Herman Melis, en Wils Versteegen, twee oud-docenten willen me wel helpen. 
Ze laten me ook zien dat je in het onderwijs kritisch moet zijn t.o.v. het normale gangetje; niets 
gaat vanzelf. Jan denkt dat met dit werk ik misschien nog wel eens zou kunnen promoveren, 
maar op dat moment ben ik er blijkbaar zelf nog niet klaar voor. Wel krijg ik december 1995 
voor het eerst het idee dat, wil ik zien of die hints effect hebben, dat moet worden gemeten met 
een soort van internetverbinding die checkt of iemand materiaal downloadt. 

Het verhaal gaat verder in 2001, wanneer we bij het IDO een echte professor krijgen: 
Anne van Streun. Hij gunt ons vakdidactici het doctorschap, en stimuleert ons om in de tijd van 
UOCG en FWN een eigen onderzoeksidee uit te werken. Anne geeft aan dat probleemoplossen 
een goed onderwerp zou kunnen zijn, maar ik zie het nog niet zo zitten; ‘is daar dan meer 
onderzoek over gedaan?’. Dat hoef ik niet twee keer aan Anne voor te leggen, en een jaar later 
ligt er een eerste versie van een plan. Ook zorgt Anne er voor dat mijn ideeën worden 
voorgelegd aan Egbert Harskamp, en zowel qua onderwerp als persoon blijken we elkaar heel 
goed te liggen. Het begint te lopen, zeker als ook zijn compagnon Cor Suhre begint aan te 
schuiven. 

Egbert vindt dat wanneer je naar een conferentie wil (herfst 2002), je ook een paper 
moet hebben. Dus zet je een experiment op (winter 2002-2003), voert het experiment uit (april 
2003), presenteert het werk (zomer 2003), en stuurt het naar een journal (herfst 2003). De weg 
naar het eerste artikel ging zo soepel, dat wordt besloten om ‘op artikelen te promoveren’. De 
resterende artikelen laten soms langer op zich wachten, maar Egbert, Cor en Anne blijven 
stimuleren.  

Mijn onderzoek is praktisch, en dus is de school van levensbelang. Niet in het minst 
dank zij de inzet van verschillende docenten, TOA’s en IT-beheerders op het Willem Lodewijk 
Gymnasium, het KDC, het Fons Vitea en Harlingen kan dit werk worden gedaan. Maar speciaal 
noem ik mijn eigen collega’s van het Augustinus, Derk, Lejo, Guus en Rolf, die er OOK voor 
zorgen dat het programma gaat lopen, en ik ondertussen ook nog op conferentie kan. 

Egbert vraagt wel eens hoe het thuis gaat, en ik kan hem geruststellen: ‘Nina is er’. 
Promoveren en kinderen krijgen, het kan. Maar dan moeten beide er volledig achter staan. Ook 
wanneer we kinderen krijgen, het promoveren gaat door. Nina regelt zelfs enkele malen 
ongevraagd dat ze met de kinderen gaat logeren, zo dat ik mooi een weekend kan doorpakken. 

De laatste jaren zijn de artikelen min of meer binnen, en Henk gaat steeds meer andere 
dingen doen. Anne gaat met pensioen, en wordt opgevolgd door Martin Goedhart. Martin, en 
Edwin van Lacum, mijn kamergenoot de laatste jaren in Groningen, helpen me naast Egbert en 
Cor het boekje tot zijn huidige omvang en niveau te brengen. 

Zoals ik al begon, ik zou veel meer namen moeten noemen. Ik hoop dat dit verhaal ook 
voor iedereen die er niet in staat, maar mij wel heeft geholpen, wel leuk is om te lezen. Ik ben 
jullie allen dankbaar; dit werk doe je niet alleen, het is teamwerk! 

 
Achter elk verhaal zitten nog weer veel grotere verhalen; Wils†, Klaasje†, Jan†, mijn vader† 
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CHAPTER ONE 
 

Theoretical background of problem-solving in physics 

 

1.1 Introduction 

 

1.1.1 Problem-solving in physics education 

Problem-solving plays an important role in regular school practice in physics. 

After the teacher introduces the concepts, students apply these concepts in 

problems. Problems in this context follow some well-defined criteria: all 

information needed to solve the problem is given; a limited set of rules is 

needed to solve the problem; in many cases only one procedure leads to the 

right answer; and there is only one correct answer. This kind of problem is 

rather common in educational practice, but problem-solving in this approach is 

‘dominated by recall, a relatively undemanding cognitive task’ (Osborne & 

Dillon, 2008; see also NiNa, 2006). The approach does have its merits, however, 

as many students can correctly solve the problems and teachers are convinced 

that they are doing a good job. Nevertheless, it turns out that students find it 

hard to apply their knowledge in more realistic situations in which the problem 

situation differs from the situations practised (Hobden, 1998; Taconis, 1995). In 

other words, their knowledge of scientific concepts and algorithms is tied too 

closely to the problem situations they have practised. They only know how to 

solve problems within a ‘limited solution space’ (Stadler, Duit & Benke, 2000). 

In recent decades the national curricula committees involved in 

curriculum reform in many Western nations have stressed the need for 

problem-solving in science and mathematics teaching (Kultusminister-

konferenz, 2005; National Research Council, 1995; NiNa, 2006). In their opinion, 

students need to learn how to solve problems and become skilled at analysing 

problem situations, to connect their prior knowledge to the new situations, to 

work out a proper solution plan, and to check and evaluate the solution found 

(Ministerie van Onderwijs en Wetenschappen, 1998). Secondary school should 

prepare students to continue their studies in higher education, where they are 

trained to become ‘knowledge workers’ who can provide leadership in 

institutions and companies that carry our future. Problem-solving skills are 

certainly required in these positions. For these future tasks, correctly applying 

standard solutions is less important than analysing problem situations and 

finding ways to solve problems. Complex calculations and solutions to 
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standard problems are increasingly in the hands of computer programs, which 

highly qualified workers use in their problem-solving tasks.  

 

1.1.2 Problem-solving in the Dutch secondary school curriculum  

Physics education in the Netherlands has changed since the educational 

reforms of 1998. Before 1998, lessons were dominated by teacher-led instruction 

on physics concepts and procedures and students had little time to work 

individually on problems during school time. Practice exercises had to be done 

as homework, and the teacher would discuss the answers to the problems in the 

next lesson. Most homework tasks were similar to the tasks done at school. This 

practice gives little effective problem-solving time. Hence Taconis’s claim (1995) 

that secondary school practice in the Netherlands emphasizes the learning of 

facts and procedures, and does not give special attention to the development of 

more general problem-solving strategies. 

Some early initiatives were taken to improve the learning of more 

general problem-solving strategies. The use of the Systematische Probleem 

Aanpak [Systematic problem-solving approach] (SPA), developed in the 1970s 

and 1980s, showed positive effects in experiments under school practice 

conditions in mathematics (Van Streun, 1989) and physics (Van den Berg, 1983). 

Since the 1998 reforms, SPA has been introduced in some regular school 

textbooks, including those for physics (Middelink et al., 1998). This meant that it 

could be used to implement the most recent curriculum reform in the 

Netherlands.  

Since the most recent curriculum reform of 1998 in Dutch secondary 

schools, called the ‘study house’ (Stuurgroep Tweede Fase Voortgezet Onderwijs, 

1994, 1995), lessons in Dutch secondary schools can be characterized as follows: 

• focusing on an active and independent role for students 

• being aware of differences among students 

• encouraging student thinking skills.  

At first glance, improving problem-solving abilities fits in with these statements 

very well. Problem-solving requires students to be active and independent and 

to use their own approach to solve problems. As such it is a thinking skill which 

should certainly be encouraged. The new ‘study house’ system can thus create 

opportunities where students can learn to solve problems independently and 

thereby improve their strategic knowledge. 

Today, however, regular school practice still involves a combination of 

brief instruction for the whole group, independent work, practical work and 

discussion of some of the completed problems (Tweede fase Adviespunt, 2005; 
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Dijsselbloem, 2008). During lessons, most of the students’ problems 

(homework) are not discussed with the class as a whole; instead students check 

their answers with the help of answer books containing model answers. This 

means that if students work out their homework problems, they themselves can 

choose whether to consult answers to the different questions and the model 

answers. In many cases, students make a first attempt at solving a problem, do 

not succeed, and then consult the model answer. This means that the aim – 

students solving problems independently – is not achieved. The instructive role 

of the teacher is largely replaced by the book with model answers. 

Nevertheless, while many students think that they know how to complete a 

standard exercise, they are not able to finish a new, unknown problem that 

requires them to apply their knowledge.  

In addition, the physics textbooks used since the 1998 reforms still 

contain many closed problems designed to teach facts and procedures, while 

students are not often invited to try to solve new, less-structured problems 

(Ministerie van Onderwijs en Wetenschappen, 1998). Statements from 

secondary school students underline the lack of encouragement for more 

general problem-solving strategies (Leenheer, Simons & Zuylen, 1998). I often 

hear my students say ‘when doing homework, I understand the solution 

process as written down in the model answers, but when I have to do it myself 

the next time, I can’t complete the solution without help.’ Students think they 

understand how problems should be solved, but are not given enough 

experience of learning how to solve novel problems. In the study by Leenheer et 

al. (1998) students mention that sciences are especially hard to learn at school 

because these subjects need more explanation than what the teacher often 

provides.  

Thus in regular school practice today, the development of problem-

solving strategies is still hampered in two ways. The first is that books are 

provided with immediately accessible model answers which are used wrongly 

by the students and which therefore deny them sufficient problem-solving 

experience. The second is the minimal and in many cases late feedback from the 

teacher. 

 

1.1.3 Research into problem-solving: a brief overview  

This thesis will discuss the effects of the computer program Physhint, which 

supports students in problem-solving. The main goal of Physhint is to improve 

students’ ability to solve problems in new situations. A ‘problem’ is defined 

here as a situation that the student experiences as being different from the 
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initial situation. A problem is solved by a sequence of actions that reduces the 

difference between the initial situation and the goal (Newell & Simon, 1972). 

The problem is solved if such a sequence of actions has been found and the goal 

has been reached. In general, both the series of actions required and the goal 

can be well defined or there may be multiple correct solution paths and correct 

answers (closed versus open problems). The availability of the information 

needed to solve the problem can also influence the degree of openness of a 

problem. In this thesis, the definition of a problem is limited to problems with 

one clear answer, although there may be more than one solution path that can 

be used to arrive at that final answer. Research shows that if the problem 

situation is one that students are unfamiliar with, many of them find the 

problem more difficult and have difficulty finding the actions needed to arrive 

at the goal state (Stadler et al., 2000).  

During the 1960s and 1970s, research on problem-solving involved 

laboratory tasks such as the Tower of Hanoi problem (a puzzle in which discs 

have to be moved between three pegs in accordance with certain rules in order 

to shift the tower from the first to the last peg), which was novel for participants 

(see Mayer, 1992). Such problems could be solved in a relatively short time, 

solutions were clearly defined and researchers could trace participants’ 

problem-solving steps. Researchers made the underlying assumption that the 

way to solve laboratory tasks such as the Tower of Hanoi captured the main 

properties of problems in other domains and that the cognitive processes 

underlying students’ attempts to solve simple problems were representative of 

the processes engaged in when solving problems in other domains. Thus 

researchers thought they could generalize from the solution processes of these 

general problems to problem-solving in other fields. 

After the 1970s, researchers acknowledged that problem-solving 

processes differ across knowledge domains and across levels of expertise (e.g. 

Sternberg, 1995) and that, consequently, findings obtained in the laboratory 

could not necessarily be generalized to problem-solving situations outside the 

laboratory. Schoenfeld (1985) showed that in order to solve mathematics 

problems, experts and novices use the same episodes of orientation, analysis, 

plan-making, implementation and verification. However, experts take 

relatively more time to read and analyse problems and to ‘look back’, whereas 

novices devote most time to finding a solution plan and making calculations.  

Problem-solving is not a linear process that proceeds from one step to 

another; it is a more cyclical process. A student may begin by considering a 

problem as a task to be carried out and engage in thought and activity to 
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understand it. The student attempts to make a plan and in the process may 

discover a need to understand the problem better. Or, once a plan has been 

formed, the student may attempt to carry it out and be unable to find a solution. 

If the student is unable to find a solution, the next activity may be to make a 

new plan, or go back to develop a new understanding of the problem, or pose a 

new – perhaps related – problem to work on.  

 

Figure 1.1: Episodes in the solving of problems, according to Polya (1945) (Source: Wilson, 

Fernandez & Hadaway, 1993) 

 

In Figure 1.1, each of the arrows describes student activities in the 

process of solving physics problems. Problem-solving by experts or novices in 

physics cannot be captured by one-directional steps in problem-solving alone. 

Experts and students go to and fro in the problem-solving process, although 

this depends on the complexity of the problem as experienced by the students. 

Experts will solve a problem more systematically than novices do. Novices 

begin almost immediately by making a plan and carrying it out whereas experts 

first spend more time on understanding the problem (see Schoenfeld, 1992). 

Chi, Feltovich and Glaser (1981) investigated expert and novice behaviour in 

physics education. They showed how experts and novices differ in the 

organization of their knowledge when solving problems. Their findings show 

that experts represent physics problems according to the underlying principles, 

whereas novices base their representation on the problem’s surface features. 

When novices have to solve non-standard problems they do not succeed in 

formulating and working out an effective plan, in particular because they do 

not know how to analyse the problem situation from the point of view of its 
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Problem 
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Plan 

Carrying out 

the Plan 
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underlying principles. This is probably because they were not taught how to do 

so and do not possess general problem-solving strategies to manage their own 

problem-solving actions (Taconis, 1995). 

 

1.1.4 Can problem-solving be taught? 

Problem-solving involves the process of orientation to a problem, schematizing 

the available information, working out a solution plan, and checking and 

evaluating the final answer. Untrained students seldom work in an organized 

way at novel problems that demand transfer of their knowledge (Larkin, 

McDermott, Simon & Simon, 1980; Chi et al., 1981). Science education does not 

emphasize systematic solving of novel problems and students are not trained to 

solve novel problems; most of the learning time is devoted to practising 

standard problems. Can problem-solving be taught, or are teachers right to 

leave this matter alone? It is not easy to improve student problem-solving skills 

in a systematic way. Polya’s teaching of problem-solving in mathematics (Polya, 

1965) was directed at asking students to think aloud and giving students 

examples of think-aloud solution processes by experts. In his teaching he 

stressed the process of problem-solving and not the final result. Taking up this 

approach, Schoenfeld (1985) taught his students to ask themselves questions as 

an effective way to guide their thinking processes. He let students use the 

different problem-solving episodes by encouraging them to ask themselves how 

to solve problems and by providing them with examples. Mayer (2008) 

concludes from a review of research that problem-solving is best taught by 

training students in the use of components that play a role in problem-solving. 

The components he gives bear considerable resemblance to Schoenfeld’s 

episodes. Mayer (2008) asserts that effective practice in problem-solving should 

be given in a structured way, but not in a step-by-step procedure. He concludes 

that problem-solving programs are most effective when they focus on problem-

solving not as a single intellectual ability but as a collection of smaller 

component skills. Mayer (2008) stresses that successful problem-solving 

training involves:  

• specific problem-solving skills 

• contextualized tasks that students are expected to perform in school 

• practice in the process of problem-solving  

• discussion of the problem-solving process 

• teaching problem-solving before students have fully mastered content 

knowledge of a domain. 
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Mayer also stresses that problem-solving training should be provided in 

addition to developing domain-specific content knowledge. Students need to 

learn domain-specific problem-solving skills in order to become successful 

learners in physics.  

 

This thesis seeks to work out and evaluate a method of instruction which 

both helps students to solve physics problems and teaches them to develop 

their problem-solving abilities and apply Schoenfeld’s problem-solving 

episodes: orientation, analysis, planning, control and reflection. The skills 

instruction that goes with these episodes can help students to solve problems 

more systematically. With the episodes, domain-specific knowledge can be 

offered that will be useful to structure and plan the solution to a problem. It is 

argued in this thesis that students are best taught problem-solving by offering 

them support and not teaching them directly how to solve problems. It is 

essential that students make their own choices in seeking instructional support 

during problem-solving. Problem-solving is not a step-by-step procedure that 

can be learnt by heart and carried out mechanically. Solving novel problems 

requires flexibility in planning and the ability to follow one’s own route to a 

solution. Instruction in the form of hints with the problem-solving episodes can 

offer support. Instruction in novel problems should be timely and in line with 

student problem-solving processes and the episodes they use in order to arrive 

at the goal state. Students’ understanding of the rationale behind the sequence 

of problem-solving episodes and the instructions that accompany them is 

considered a crucial factor in student learning; my expectation is that it will 

improve their problem-solving skills (Harskamp & Suhre, 2006).  

 

1.2 Types of problems in physics education 

 

Expressed most simply, problem-solving is ‘What you do when you don’t know 

what to do immediately’. A problem arises when students are confronted with a 

task that is non-routine and they set their mind to solving the task. This 

definition of a problem thus depends on who is solving it. A student’s level of 

experience with a given task will determine whether a particular example is 

simply an exercise or in fact a real problem. Hollingworth and McLoughlin 

(2001) suggest that it is familiarity, rather than difficulty or complexity, which 

distinguishes an exercise from a problem. Exercises can often be solved by an 

algorithm and by forward reasoning. By contrast, novel problems may require a 

cyclical, reflective approach for their solution. 
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Johnstone (1998) proposes a useful classification of problem types. If the 

data are given, the methods to apply familiar and the goals clear, students can 

apply their knowledge without much analysis and thought. These are 

characteristics of ‘structured problems’, which are in fact exercises allowing 

students to practise knowledge and skills that they can then apply with ease in 

future. These kinds of tasks are important for learning the basic concepts of the 

physics domain and for using physics formulae. For instance, if the teacher 

demonstrates how speed can be calculated using the formula s = v � t, if the 

distance covered and the time travelled are known, students can learn to solve 

the following kind of problem through practice. For example: 

 

Theo runs 8 km in 40 minutes at a constant pace. What is Theo’s speed in km/h? 

 

Through the demonstration of worked-out examples and practice of 

similar tasks, students can learn to use the formulae in this kind of routine task: 

calculating distance on the basis of speed and time or time on the basis of 

distance and speed. 

 

If the data are given but the method is not strictly familiar or if students 

have to choose from different data, a non-routine problem arises. Students have 

to look for parallels between their acquired knowledge and the problem. The 

goal state (the correct answer) is clear, but there is more than one way to arrive 

at the answer. The aim of this kind of problem is to learn how to analyse a 

problem situation and decide what information is needed to solve it. The 

problems are semi-structured and the student has to analyse and select from the 

given information or to adapt known methods in order to go from the problem 

state to the goal state. For example, if students are taught how to calculate 

constant speed from distance and time, it will not be as easy for them to solve a 

problem where more variables are included than in the formula s = v � t. For 

instance:  

 

Diana travels from Amsterdam to Breukelen at a constant speed and arrives after 36 

minutes. However, during the trip she was caught up in traffic for 6 minutes, during 

which the car travelled at an average speed of 20 km/hour. The distance from 

Amsterdam to Breukelen is 58 km. What was the average speed of the car when it was 

not caught up in traffic?  
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This problem is not as easy to solve, not because the knowledge that 

should be applied (the formulae) is unknown, but because the situation is 

different from problem situations that have already been taught. For the 

student, the change from the initial state to the goal state will be more 

complicated because a new element is introduced into the problem situation – a 

short period with a different speed as the constant speed. The student can solve 

this problem by breaking it down into two separate problems (distance during 

congestion and distance during constant speed and time remaining) or by 

creating a new integrated formula:  

 

s (constant) = v (constant)� t (constant) � 58 – (20� 6/60) = v (constant)� (36 – 6) 

 

Even more difficult for novice students with a basic knowledge of s = v � 

t are problems in which two vehicles start from different places along the same 

road and move in opposite directions at different times and different speeds 

and students have to figure out where both vehicles meet. Students often use 

tables and step-by-step estimations instead of a formula to arrive at an answer 

(Harskamp & Suhre, 2006). 

Johnstone (1998) also describes the characteristics of open problems 

where the goal is open-ended and the data are superfluous or the methods 

unfamiliar. These are unstructured problems. The aim of such problems is to 

prepare students for real-life situations in which the problem itself has to be 

further developed to turn it into a solvable problem and where there are many 

ways to solve a problem and several solutions. An example is: 

 

Find out which road to take from Utrecht to Paris tomorrow (regular weekday). You are 

travelling by car. Take into account the speed limits and expected traffic jams. You 

want to start at 8.00 a.m. and waste as little time as possible.    

 

Depending on their assumptions and reasoning, students will apply one 

solution which they consider to be sounder than another. In training students to 

solve problems, it is important to examine carefully what types of problems are 

presented. This research does not aim at giving students exercises needed to 

introduce new facts and procedures. Students need to become better problem 

solvers and to develop higher-level skills. This means they should also be 

supported to progress beyond the skills needed to solve routine exercises. After 

the introduction of new facts and procedures through routine exercises, 

students need to consider problems that are non-routine and novel, but that 
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also pose clear problem situations and goals. These semi-structured problems 

may or may not be real-life problems, but they are ones that will help the 

students to understand how to apply their knowledge in new situations.  

Stadler et al. (2000) demonstrate that semi-structured problems are best 

for improving these higher-level skills in a school context. These problems 

require students to use their content knowledge in a problem setting that can be 

solved in a relatively short time. The unstructured problems often used in 

school physics projects take longer to solve. They require close monitoring and 

guidance by the teacher in order to motivate and support the actions students 

take in order to arrive at a satisfactory goal state (e.g., Williams, Stanisstreet, 

Spall, Boyes & Dickson, 2003). 

 

1.3 Types of knowledge involved in solving problems and how they can be 

learned 

 

Much research on problem-solving starts from the cognitive perspective 

(Anderson, 1995). According to this perspective, three types of knowledge play 

a role in problem-solving:  

• declarative knowledge of physics concepts and facts  

• procedural knowledge, such as how to apply formulae, and  

• strategic knowledge needed to put the former two types of knowledge to 

work in a problem in order to generate a solution. 

De Jong (1986) elaborates these types of knowledge in problem-solving as 

follows: 

• declarative knowledge (knowing that and why): for example, knowing 

facts, principles, abstractions, rich cognitive schemes and overviews of a 

subject 

• procedural knowledge (knowing how): for example, knowing how to 

apply algorithms such as the use of formulae 

• strategic knowledge and meta-cognitive knowledge (knowing about 

knowing): reflection, monitoring, knowledge about what one knows and 

how to apply this in problem-solving. 

Researchers in physics education agree about the influence of the quality and 

organization of subject knowledge (declarative and procedural knowledge) and 

about the differences in performance between good and poor problem solvers 

(Chi et al., 1981). The ‘chunks’ of knowledge used by experts are larger and 

richer than those of novice problem solvers. Expert problem solvers also show a 

better overview of and coherence between concepts and procedures which are 
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relevant for solving a problem. A comparison of experts and novices showed 

that these groups not only differ with respect to the quality of declarative (or 

procedural) knowledge. The way novices deal with a problem also differs from 

that of experts. When trying to solve a problem, novices almost immediately 

start working with a poorly defined plan, whereas experts take the time to 

analyse the problem and gather information before making and implementing a 

plan (Larkin & Reif, 1979; Chi et al., 1981; Sherin, 2001; Van Streun, 1983). Van 

Streun (1994) and Boekaerts (1997) show that this knowledge about how to solve 

a novel problem – strategic knowledge – is necessary. Strategic knowledge is 

needed to analyse and elaborate upon the problem situation in order to relate 

domain knowledge to the problem. Strategic knowledge enables students to 

recall their knowledge about concepts and procedures in a domain. By using 

strategic or meta-cognitive knowledge, students control, regulate and monitor 

their problem-solving process. Although some students fail to solve physics 

problems because their declarative and procedural knowledge basis is too 

small, the main reason for blockages in problem-solving seems to be a lack of 

strategic knowledge (Taconis, 1995).  

 

1.3.1 Declarative knowledge 

Strictly speaking, declarative knowledge is the knowledge of facts (Anderson, 

1995). De Jong (1986) includes within declarative knowledge the knowledge of 

facts, principles, abstractions, rich cognitive schemes and overviews of a 

subject. In later work, De Jong and Ferguson-Hessler (1996) breaks down 

declarative knowledge into factual knowledge and conceptual knowledge. This 

subdivision is used to distinguish between the quality of different kinds of 

declarative knowledge and therefore the possibility of using it in problem-

solving. If students have acquired some kind of factual knowledge, there is no 

guarantee that they can use this knowledge in a new contextual situation. 

Although facts, terms, calculation rules and algorithms can be memorized and 

reproduced easily, students have difficulties activating this knowledge in new 

contexts. If a problem has to be solved within a chapter of a book, the toolbox of 

knowledge available to solve a problem is much smaller than for a problem 

involving a mixed collection of problems covering three years of physics 

education. In the latter situation, students have to somehow relate their 

knowledge to unknown problem situations, which involves conceptual 

knowledge. Although we can distinguish this difference in the quality of 

declarative knowledge, I will simply use the term ‘declarative knowledge’ in 

the remainder of this thesis. 
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It appears that novices and experts have differently structured 

declarative knowledge within physics. This is the main reason why experts are 

better able to gain an overview of problems situated in unknown contexts and 

to relate them to their existing knowledge. Pellegrino, Chudowsky and Glaser 

(2001) have stated that the most convincing examples of differences between the 

structures of subject knowledge of novices and experts have been found in 

physics. When given a mechanics situation, experts will describe it with the 

help of basic physics principles, as can be seen in Example 2 in Figure 1.2.  

 

  

Explanations  

Novice 1: This deals with blocks on an inclined 

plane.  

Novice 5: Inclined plane problems, coefficient of 

friction.  

Novice 6: Blocks on inclined planes with angles.  

 

  

Explanations  

Expert 2: Conservation of energy.  

Expert 3: Work-theory theorem. They are all 

straightforward problems.  

Expert 4: These can be done from energy 

considerations. Either you should know the 

principle of conservation of energy, or work is lost 

somewhere.  

Figure 1.2: An example of sorting a selection of physics problems as done by novices and 

experts (Adapted from Chi et al., 1981; and Bransford, Brown & Cocking, 2000) 

 

Each picture represents a diagram from a standard physics problem in 

an introductory physics textbook. The novices and experts in the study by Chi 

et al. (1981) were asked to categorize many such problems based on the 

similarity of the solution process. The explanations in Figure 1.2 show a marked 

contrast between the experts’ and novices’ categorization schemes. Novices 

tend to categorize physics problems as being solvable in a similar fashion if 

they ‘look the same’ (i.e. share the same surface features such as a block or a 

slope), whereas experts categorize problems according to the major principle 

(e.g. conservation of energy) that could be applied to solve the problems. An 
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example of the organization of knowledge structures by novices and experts is 

given by Chi, Glaser and Rees (1982) and can be found in Figure 1.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: Organization of knowledge structures available for novices (left) and experts (right) 

for the solution of problems about forces (After: Chi, Glaser & Rees, 1982; Bransford, et al., 2000) 

 

This example shows that the quality of declarative knowledge (i.e. to 

what extent do physics concepts guide the relationships in the knowledge 

structures) differs between experts and novices. This influences their analysis of 

problem situations. Experts can reduce the complexity of the problem situation 

and come to the heart of the problem more easily. They find a way to solve it 

more easily than novices, who are overwhelmed by the situation and its surface 

characteristics. Differences in what is known and how this is presented may 

lead to the different answers of novices and experts. Because of the well-

structured knowledge base, experts do not need to search all the different items 

which might be related to the problem, but can directly activate that part of 

knowledge needed to solve the problem (Glaser, 1992; Larkin et al., 1980).  

The examples above thus indicate that there are differences between 

students in the quality of declarative knowledge, depending on their level of 

expertise. This is confirmed by De Jong and Ferguson-Hessler (1996) who 
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studied the ways first-year university students categorize problems and 

concluded that the conceptual level of declarative knowledge differs.  

Anderson (1995) presents a simple model of how instruction about 

declarative knowledge can be organized: the more often a learner encounters a 

fact, the higher the chance this fact will be remembered. For the broader area of 

concepts, exercise is expected to be a good way to develop knowledge of 

concepts for use in different situations. However, in education, students need to 

both develop scientific concepts and establish links between the different 

concepts within a subject. Such a network of concepts makes it easier to analyse 

problem situations and to reduce the chance of wrong solutions. 

Many investigations have been carried out in recent decades into the 

development of declarative knowledge in the field of science education (see for 

example, Pfundt & Duit, 1991; Duit, 2009). When starting to learn about a 

phenomenon in school, students often already have their own intuitive or naive 

ideas about that phenomenon. In many cases, intuitive ideas or preconceptions 

do not correspond with physical descriptions. The students’ own ideas can then 

obstruct the acceptance of the scientific description of the item. Thus 

preconceptions can survive education and become misconceptions. The impact 

of this is evident in the large amount of literature about misconceptions in all 

domains of physics education (see for example, Wandersee, Mintzes & Novak, 

1994; and the STCSE bibliography by Duit, 2009). 

According to Van Genderen (1989), preconceptions can be so strong that 

education cannot really change the conceptual ideas of students. Others think 

more from the learners’ point of view and talk about alternative frameworks 

(Driver, 1983), or about an interpretation problem (Clement, 1982; Lijnse & 

Klaassen, 1995). Solomon (1983) suggests that students may preserve two 

different frameworks alongside one another for use in different situations: the 

school framework when they do physics in school and the private framework 

outside school. 

Since the 1990s, many attempts have been made to explicitly change 

preconceptions (conceptual change). Using the Force Concept Inventory and 

the Mechanics Baseline Test, Hestenes, Wells & Swackhamer (1992), among 

others, tried to obtain an overview of student conceptions and made available 

clear tests to show students’ knowledge of concepts. Mazur’s Peer Instruction 

(1997) and similar instruction strategies used by Meltzer and Manivannan 

(1996) were shown to be effective. In peer instruction, talented and less-talented 

students discuss in collaboration possible solutions to conceptual physics 

problems. The idea is that this will clarify their preconceptions and thus change 
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their ideas more easily. Groups of students undergoing peer instruction showed 

results on conventional knowledge tests that are comparable to those of a 

control group, but showed significantly improved conceptual understanding 

(Mazur, 1997; Hake, 1998; Crouch & Mazur, 2001).  

Another example of the positive effect of collaborative work is given by 

Kalman, Morris, Cottin and Gordon (1999), who asked two different groups of 

students to work out different concepts about the same phenomena. In the 

discussion afterwards, each group had to defend its concepts, thus creating a 

better understanding. 

Instruction of concepts on an individual basis was worked out by 

Albecete and VanLehn (2000), who developed a computer program which gives 

students hints depending on their answers. The hints take into account possible 

misconceptions. Preliminary results revealed that the program had positive 

effects on the learning of physical concepts. Students learn that concepts can be 

presented in different ways, as well as that different concepts are related and 

that a problem can therefore be solved in different ways, depending on the 

representation. 

 

1.3.2 Procedural knowledge 

De Jong and Ferguson-Hessler (1996) give the following definition of 

procedural knowledge: ‘… procedural knowledge contains actions or 

manipulations that are valid within a domain. Procedural knowledge helps the 

problem solver make transitions from one problem state to another. It can have 

a specific, domain-bound (strong) character, or it can be more general (weak).’   

Anderson (1995) also distinguishes between more general knowledge of 

procedures and techniques and more subject-specific knowledge of procedures. 

General knowledge of procedures may entail calculations, making drawings 

and sketching. In order to be able to use this knowledge in problem-solving, 

students need to know how to use it in specific situations in which it has been 

practised, as well as be able to use it quickly, when needed, on a more general 

operational level. When this occurs, the transfer of procedural knowledge has 

been achieved. 

Procedural knowledge means knowing methods of manipulating a 

specific condition or technique for implementing a task. This may include the 

procedures used to perform a lab experiment or solve a standard science 

problem. Procedural knowledge is needed when handling declarative 

knowledge. It is quite different from declarative knowledge. It is possible to 

know all the relevant declarative knowledge without actually knowing how to 
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solve a problem. For example, this thesis considers calculations with forces. 

Within physics, forces are described with vectors that can represent both the 

size and direction of a force. Calculations with forces require knowledge of 

certain procedures with vectors which a student must possess in order to 

complete the calculations (De Jong, 1986).  

Procedures are important for science and thus the learning of procedures 

is important. Many of the concepts students learn in science involve 

memorizing and following steps to find the correct answer to a problem. As the 

students learn to complete basic science procedures, they are immersed in the 

more general procedures they need to follow. These procedures serve as 

building blocks for the more complex procedures within problem-solving that 

students will need in the future. Marzano, Pickering and Arredondo (1997) 

suggest that there are three phases of acquiring procedural knowledge: a) 

construct models, b) shape and c) internalize. 

In the construct model phase, a model of the process to be learned is 

displayed and the steps involved shown. An example is a series of exercises in 

which the equation s = v � t must be applied. As the exercises are worked out, 

the steps should be discussed in a way that learners can comprehend. When 

working out the example and discussing or listing each step, learners have the 

model as a point of reference. Students can construct their own models and list 

their own steps in their own words, which will demonstrate their 

understanding of the process.  

In the shape phase, the process originally followed is modified to make it 

better. Adjustments should be made to improve the process and make it more 

efficient to use. Some aspects may be added or dropped, depending on what 

makes the process comprehensible to the learner. Learners may come up with 

ways of making the problem easier to solve and want to add the steps they 

follow. In this phase it is important for the students to gain an understanding of 

the procedure they are performing. In our example, the student has to learn that 

s = v � t also includes v = s / t and t = s / v. Depending on which unknown 

variable the students have to calculate, they may use a variation of the basic 

formula. 

In the internalize phase, learners need extensive practice in order to reach 

a level of ‘automaticity’ or ‘fluency’ (Marzano et al., 1997, p. 101). Certain skills 

need to be automatic, without learners having to think about what they are 

doing. Recognizing which basic operations are involved in the formula 

(substitution and division or multiplication) should become automatic, not 



 17 

requiring much conscious thought. Other skills also need to become fluent, 

requiring a thought process but known well enough to be performed with ease. 

 

1.3.3 Strategic knowledge 

Strategic knowledge is concerned with general problem-solving procedures and 

meta-cognition (De Jong and Ferguson-Hessler, 1996). It is about how to apply 

declarative and procedural knowledge appropriately in a given problem 

situation and how to monitor one’s own solution process. When students solve 

a problem in practice, the three types of knowledge interact and are very hard 

to distinguish. However, when students are trained in problem-solving, they 

can be supported in the acquisition of the different types of knowledge. 

Traditional education emphasizes the development of declarative and 

procedural knowledge, but for problem-solving, strategic knowledge also needs 

to be developed. 

Newell (1990) noted two layers of strategic knowledge: applying a 

strategy in order to handle a problem and the conscious monitoring of this 

strategy. The term meta-cognition is used for the process of selecting and 

monitoring a strategy, for the process of solving a problem (‘Is this a good 

heuristic to analyse a problem?’), as well as for more common activities such as 

reflection on and guidance of one’s own thinking (‘Is it a good idea to work out 

this problem now, or better to read part of the chapter first?’) (Pellegrino et al., 

2001). In this thesis, the term strategic knowledge is used for both layers of 

strategic knowledge. 

While solving and learning to solve problems, experts have been shown 

to notice the restrictions of their own knowledge, to know when to apply a 

certain procedure or rule, to assess the correctness of an answer or action, to 

plan in advance, and so on. The ability to self-regulate and to learn from their 

own experience enables experts to derive maximum benefit from their own 

work. Research into meta-cognition has shown that people monitoring their 

own problem-solving are better at recalling knowledge (Nelson, 1989). Students 

competent in problem-solving can be distinguished from weak students by 

their meta-cognitive strategies. Competent students can explain which 

strategies they have used to solve a problem and why, whereas weak students 

only monitor their own thinking irregularly and give incomplete explanations 

of their strategies (Chi, Bassok, Lewis, Reiman & Glaser, 1989; Chi & VanLehn, 

1991). 

Strategic knowledge such as monitoring one’s own progress, reflecting 

on one’s own strengths and weaknesses and correcting mistakes can be taught. 
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Bransford et al., (2000) emphasize that teaching such knowledge is best located 

within specific subjects because monitoring one’s own understanding is best 

related to domain-specific knowledge and expertise. 

Learning strategic knowledge demands a different approach than 

learning declarative or procedural knowledge. Taconis, Ferguson-Hessler and 

Broekkamp (2001) analysed a number of articles published in highly reputable 

international journals between 1985 and 1995 that described experimental 

research into the effectiveness of a wide variety of teaching strategies for 

problem-solving in science education. Offering learners guidelines and criteria 

for judging their own problem-solving process and products, as well as 

immediate feedback, were found to be important prerequisites for the 

acquisition of problem-solving skills. 

De Corte (2004) and Mayer (2008) state that several conditions must be 

met before the learning of strategic knowledge can take place. Firstly, the 

learner should play an active role. This does not mean that instructional 

support is not needed, but that there has to be a good balance between this 

support and student initiative. De Corte expects that if students are given 

interesting context problems that refer to real-life situations, they will be 

motivated to accept the task and make an active attempt to seek a solution. 

Secondly, successful learning is expected if learning occurs in a wide 

variety of situations to develop both domain knowledge and strategic 

knowledge.  

The third condition is that the learning environment should be embedded 

in a specific domain. De Corte and Mayer stress the importance of domain-

specific problem-solving. It is not about applying a step-by-step general problem-

solving procedure that holds for all problems, but about the joint application of 

declarative and procedural knowledge guided by strategic knowledge. 

The fourth condition is that instructional support should be about the 

components of the problem-solving process and that support should gradually 

fade away during the practice of problem-solving. This should give students as 

much room as possible to develop their own problem-solving strategies (Renkl, 

Atkinson, Maier & Staley, 2002). The role of the teacher should be to provide 

indirect teaching, which means that the student takes the initiative when 

information is processed (see also Taconis et al., 2001). The teacher’s support 

should only provide full demonstrations and explanations if students cannot 

progress or do not know how to start. If instruction or hints are provided, they 

should be about aspects of the solution, such as specific instruction or hints 

about representing a problem if a student finds it hard to understand a problem 
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description. It is essential that instruction is just-in-time. Students can ask 

questions or seek help and receive a rapid response to their specific questions 

instead of more generic explanations (Van Merriënboer, 1997; Kester, Lehnen, 

Van Gerven & Kirschner, 2006). 

The fifth condition is about the need for explicit reflection on the 

students’ way of problem-solving. This is because reflection is not only an 

important part of strategic knowledge itself, but it also supports the development 

of strategic knowledge (Davis, 2003). 

The sixth condition for the successful teaching of strategic knowledge is 

the amount of practice (Glaser & Bassok, 1989). This means that strategic 

knowledge is learned by doing and that students are given sufficient time and 

exercises to practise. 

The seventh condition states that teaching should improve the learner’s 

self-efficacy. Experiencing correct problem-solving behaviour will increase 

learner confidence in their problem-solving abilities, thus giving them the idea 

that they can finish a problem next time, and motivating them to keep on 

trying. This in turn will increase student motivation, encouraging them to solve 

problems more effectively. Although this condition is only explicitly mentioned 

by Mayer (2008), it is also in line with the criteria mentioned by De Corte (2004). 

As De Corte (2004) states and Mayer (2008) confirms, many of these 

guidelines still need to be validated in future studies. 

The basis for a great deal of research into strategic knowledge as a major 

aspect of problem-solving can be found in the work of Polya (1945), who was 

the first to distinguish phases in the problem-solving process. Many variants 

were later worked out to better describe the strategic knowledge used in the 

problem-solving process. One variant was worked out in practice by Schoenfeld 

(1992), an important proponent of the problem-solving approach in which 

students take the initiative in building up their strategic knowledge. He 

investigated expert and novice problem-solving behaviour and, based on this 

research, distinguished five ‘episodes’ in the problem-solving process: 

1. survey the problem (read, analyse) 

2. activate student’s prior knowledge (explore) 

3. make a plan (plan) 

4. carry out the plan (implement) 

5. check the answer (verify) 

According to Schoenfeld (1992), by knowing and understanding these 

episodes, students have a general strategy to solve problems. By working out 
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problems according to the episodes, students do not have to follow a linear 

course, but spend time on all episodes. 

Schoenfeld (1992) argued that strategic knowledge is improved when 

novices learn to work through the episodes more effectively. In his work he 

showed how secondary school science students can learn to apply these 

episodes by demonstrating the processes experts follow. Students should 

answer questions about the episodes, such as: Do I understand the problem? Do I 

know what answer I have to provide? Do I know which knowledge should be applied? 

and Do I have this knowledge? If students are accustomed to asking these 

questions, they will start asking them automatically in new situations. In this 

way students are taught conscious use of the episodes. 

 

1.3.4 Summary  

Three types of knowledge play a role in problem-solving in physics education: 

first, declarative knowledge of the physical facts, formulas and concepts; 

second, knowledge of procedures such as the application of formulas; and 

finally, strategic knowledge needed to put the former two types of knowledge 

to work so that a solution is generated. Strategic knowledge is also about the 

individual’s knowledge of their own knowledge and about the conscious 

guiding of one’s own problem-solving process (meta-cognitive knowledge). 

Strategic knowledge is not best learned through direct instruction and 

worked examples because students then follow standard procedures which do 

not offer them the flexibility needed to solve new problems. Support based on 

systematic help might be more effective. Students who get stuck need to be 

given feedback on their own thinking, approach, knowledge and overview of 

the knowledge needed to solve a certain problem. The final goal is for students 

to be able to solve problems without help. This is best achieved if students, 

while monitoring their own work on solving problems, recognize how the 

support provided helps them later on. 

Support given to students working on developing strategic knowledge 

must meet certain criteria. Students should be actively involved (active role) in 

a process of solving a variety of subject-specific exercises (practice counts). In 

this process the student should have support available on demand, targeting 

specific aspects of the problem-solving process. This summary of the criteria for 

developing strategic knowledge highlights the benefits of computer-supported 

instruction. Such support can be organized individually and be designed in 

such a way that students receive help at their own initiative at the moment they 
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think they need it. The following section discusses how a computer program 

can give help to improve strategic knowledge. 

 

1.4 Computer-supported instruction to improve strategic knowledge  

 

Aleven, Stahl, Schworm, Fischer and Wallace (2003) distinguish four different 

kinds of computer instruction programs that represent different points of view 

as to what kind of knowledge should be supported in order to improve 

problem-solving. The first type is the Intelligent Tutoring System (ITS). Examples 

are the ANDES program for physics problems (VanLehn, Siler, Murray, 

Yamauchi & Baggett, 2003) and the intelligent tutoring program for solving 

applied algebraic problems developed by Koedinger, Anderson, Hadley and 

Mark (1997). These programs teach students to use diagrams and formulas in 

solving problems. If the programs detect a mistake by the student, they offer 

feedback which can help the student to solve the problem. Instructional support 

is delivered during the solution process. The student has to follow the 

instructions. Although these tutoring programs certainly have advantages, they 

also have their limitations. One important limitation is their narrow approach to 

the problem-solving process. VanLehn and Koedinger’s programs are based on 

the well-known cognitive architecture ACT-R (Adaptive Control of Thought – 

Rational) theory (Anderson & Lebiere, 1998), which looks at the process of 

problem-solving as a number of production rules that students need to acquire. 

Students are trained in solving problems by being guided through a certain 

number of steps in the problem-solving process. The programs do not explicitly 

try to develop strategic knowledge so that students can acquire their own 

problem-solving strategies (Shute & Psotka, 1996), but are directed more at 

applying declarative and procedural knowledge to a specific problem. Students 

usually have no control over the instructional support these programs offer. 

The second group are Computer Assisted Instruction (CAI) programs. 

Aleven et al. (2003) state that these programs are based on the principle of 

providing instruction with questions and giving feedback on answers, to which 

end they provide model answers. The support is given before and after the 

problem-solving process, which is assumed to be unique. Because the main goal 

of CAI is to improve students’ declarative and procedural knowledge, once 

again little instruction is directed at developing strategic knowledge. 

The last two groups of programs mentioned by Aleven et al. do not offer 

clearly structured support to students, but allow them to find problem-solving 

strategies for themselves. Educational Hypermedia Systems (EHS) are web-based 
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programs which offer information from the World Wide Web relating to a 

student’s question. The student can use the information provided by a search 

engine to fulfil a task. In contrast to the first two examples, this group of 

programs leaves students almost completely free in the process of finding 

solutions and merely presents the web as a place to find information. EHS 

filters the information offered to students, but the value of the information flow 

is not checked, which may mean that students are also offered wrong or 

irrelevant information. This type of program is aimed at improving problem-

solving skills such as problem analysis and searching for information. EHS uses 

open problems that need to be specified by the students. There may be many 

ways of solving these problems and more than one correct answer. The 

effectiveness of the instructional support in these programs is open to debate 

(Eklund & Sinclair, 2000; Surjono & Maltby, 2003). 

The last program type mentioned by Aleven et al. (2003) is Project or 

Problem-Oriented Learning Environments (POLE). These programs are inspired by 

situated learning approaches, in which context problems are presented in 

computer simulations. Simulations present simplified reality, for instance, a 

simulation of gravity showing how fast a stone falls from a tower, with graphs 

to clarify the formula involved. The context problems are often complicated and 

the students need a high level of prior knowledge to work through the 

problems in the programs (De Jong & Van Joolingen, 1998). This type of 

program also aims to encourage strategic knowledge. Because of the open 

structure of the programs, they are often ineffective for novices, who tend to 

explore the possibilities of the simulation without forming hypotheses about 

the principles underlying the phenomena. 

The study by Aleven et al. (2003) reviews the different types of 

knowledge to be learned when solving physics problems, and also suggests 

how programs that support the learning of problem-solving can be designed. 

Both ITS and CAI are aimed at developing student knowledge of 

problem solving by providing standard solution procedures that can be used to 

solve certain types of problems. Intelligent tutor programs often allow more 

than one standard solution, determining from the student’s actions which 

solution path the student seems to be following. However, Aleven, McLaren, 

Roll & Koedinger (2004) indicated that even intelligent tutoring programs often 

fail to generate the intended use of extra help by the students.  

In CAI, worked examples are often used for instruction, with fading of 

support during practice on analogous problems. Students receive feedback on 

their answers based on the solution procedures in the worked example. In both 
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ITS and CAI, students are supported in their learning before and after problem 

solving.  

EHS and POLE, on the other hand, aim at developing strategic 

knowledge that will enable students to apply general problem-solving skills to 

analyse complex problem situations and apply their content knowledge of a 

domain. For novice problem-solvers, these types of program are often too open 

and poorly structured. There is little instruction to show how problems can be 

analysed and solutions planned and executed.  

 

In computer environments with program control, the program decides 

both when instruction is presented and the content of this instruction (direct 

instruction). The procedure for solving problems is clear from the start. 

Examples can be found in tutoring programs for problem-solving such as those 

devised by Albecate and VanLehn (2000) or Koedinger et al. (1997). The supply 

of instruction is predictable and unambiguous. Fine-tuning of the instructions 

to overcome imperfections in non-standard but otherwise adequate solution 

methods is often not provided. An important drawback is that program control 

leads to programs that are effective only in cases where the solving of similar 

problems is being taught (see Owen & Sweller, 1985; Renkl, 2002). 

The drawback of being unable to provide instruction that fits with 

adequate alternative problem-solving approaches does not apply to student-

controlled computer environments (indirect instruction). In these environments 

students can be given control over whether and when to consult the 

information offered by the program and which instruction method to follow 

(Taconis et al., 2001). Instruction can be designed in a way that leaves room for 

the students to choose different solution methods (Mathan & Koedinger, 2005; 

Mestre, 2002; Reif, 1995; Teong, 2003). One reason for preferring student control 

in a computer program is that it gives students sufficient room to develop 

strategic knowledge that fits their way of learning (Reif, 1995). Students need to 

acquire a flexible problem-solving strategy with which to tackle different types 

of problems.  

Examples of the effectiveness of student control of problem-solving 

abilities can be found in the research of Mathan and Koedinger (2005) and 

Mestre (2002). Mestre found positive effects on problem-solving when asking 

students to design problems based on concepts and contexts in a certain 

domain. When working out these tasks, students received clues during the 

process of combining different parts of the problems to be designed. Mathan 

and Koedinger (2005) created a model of the ‘intelligent novice’. When using 



 24

this model, students first work out problems without help. If they want to move 

on before solving a problem correctly, they are advised to accept help in 

finishing the first problem correctly. Users of this model learned faster and 

performed better on a conceptual understanding test and on a transfer test than 

a control group. 

In the first two groups of programs, as indicated by the review of Aleven 

et al. (2003), the system gives instruction. The programs decide when to support 

the student. The last two groups of programs, as indicated by Aleven et al. 

(2003), give control of the support to the student, it being assumed that students 

know best when they need help. Thus, at first sight strategic knowledge seems 

best if supported by a student-controlled system which allows students to work 

on their own individual problem-solving strategies. However, when 

implementing student-controlled learning environments, we need to consider 

the disadvantages of this type of instruction; students need a certain level of 

content knowledge and strategic knowledge to take control of the problem-

solving process. If the necessary knowledge is not present, the student needs to 

be supported in gaining this knowledge. This may take some form of system 

control because a novice finds it hard to tell what knowledge is needed to work 

on new problems (Clark & Mayer, 2002).   

A combination of system-controlled and student-controlled instruction is 

probably most effective. On the one hand, students should be able to follow a 

well-structured line of problems using the instruction available and thus 

preventing failure. On the other hand, in order to develop strategic knowledge, 

a program needs to be open enough to create space for students to choose their 

own problem-solving strategies. A blend of student-controlled and system-

controlled instruction is also proposed by proponents of instruction through 

worked examples. Instruction with worked examples is too limited and needs 

further improvement in order to support diverse problem solving. One way of 

doing this is by not providing worked examples at the start of the problem-

solving process but to offer hints during the process (Reif, 1995) and worked 

examples (model answers) as feedback afterwards so that students can reflect 

on the solution they have chosen (Moreno, 2006).  

 

Summary 

Computer systems supporting students in solving problems have been 

designed for different purposes. Closed systems support students in learning 

declarative and procedural knowledge. These systems follow well-defined 

problem-solving processes and can show students where to go if they fail to 
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solve a problem. In contrast to this are the open computer systems, which 

overwhelm students with information from which they have to choose. This 

latter kind of program helps students to improve their strategic knowledge, but 

a minimum base of knowledge is needed to benefit from them. 

To allow students with less knowledge to benefit from a system, the 

system should combine both positive points. In other words, it should be closed 

in terms of supplying students with information that fits the problem-solving 

process, but open in that it allows students to choose which of this information 

to use. This means that students should guide their own help. By offering a 

well-defined set of help, even if students are not skilled in the subject to be 

learned, they will not lose their way in a forest of information, but will still be 

able to find their way out and solve the problem. 

We therefore need to ask when help should be offered to the students. 

This question will be addressed in the following section. 

 

1.5 Timing of instructional support 

 

An important question when designing instruction to develop problem-solving 

abilities is: ‘At which moment is support most effective for the development of 

strategic knowledge?’. Supporting students in this development can be 

accomplished by giving instructions or examples before the problem-solving 

process begins, during the problem-solving process or after the students have 

found a solution. 

Supporting students in advance can be done with worked-out examples 

in which students are clearly instructed about how to solve types of problems 

before starting to work them out for themselves (Owen & Sweller, 1985; Renkl, 

2002). When using worked-out examples before problem-solving, a student 

learns to solve one type of problem at a time. In some situations the worked-out 

examples are available both before the student works out similar problems and 

during problem-solving. When the student works out the similar problem step-

by-step with less reliance on the worked-out examples, thus learning to solve 

problems independently, this decrease in scaffolded support is called ‘fading’ 

(see Renkl et al., 2002). 

Van Gog (2006) investigated whether instruction should be process-

oriented or product-oriented or should gradually change from the one to the 

other. Process-oriented worked-out examples involve help that points to 

arguments for a solution procedure, whereas product-oriented worked-out 

examples involve the solution procedure itself. Van Gog’s experiments showed 
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a significant extra learning effect when the use of worked-out examples 

gradually changed from process-oriented to product-oriented during the 

learning process. In this way, students are first given an opportunity to develop 

knowledge about solution procedures, and then to investigate possible 

solutions. They are no longer hampered by a lack of knowledge of the correct 

procedure. 

The success of worked-out examples can be explained by the fact that 

more general knowledge about how to solve a certain type of problem gives the 

student more mental capacity for explicit knowledge needed to solve a 

particular problem. Worked-out examples showed good results in cases where 

the problems solved by students were similar to those worked out in the 

examples. However, in cases where the problems worked out by students were 

very different from those in the worked-out examples, the effect of worked-out 

examples disappeared, or was even negative (Kalyuga, Chandler, Tuovinen & 

Sweller, 2001; Renkl et al., 2002). If students need to learn how to solve different 

types of problems, worked-out examples in advance seem to be ineffective 

(Moreno, 2006). 

The second option for timing support is during the problem-solving 

process (just-in-time). Examples can be found in different tutoring systems, 

which give students help according to their actions. If a student does not 

succeed in finishing a problem, or gives a wrong answer, the program provides 

a hint which should help the student to continue with the problem-solving 

process (Albecate & VanLehn, 2000; Koedinger et al., 1997). Tutoring systems 

are based on the principle that students learn by developing their own initiative 

and combining different parts of a solution when trying to solve a problem. By 

helping students when they are struggling, tutoring systems guide them 

through the solution process and thus develop their strategic knowledge. Some 

researchers claim efficiency for tutoring programs when students are tested 

using problems similar to the ones they have already practised (see also Corbett 

& Anderson, 2001). Two issues need to be addressed when using tutoring 

systems to develop problem-solving abilities. Firstly, many tutoring programs 

are based on one superior procedure to solve problems. However, not all 

students use the same procedure when solving applied problems. In other 

words, when using a tutoring program, students are forced to follow one 

procedure although they might be better off with another. The other drawback 

is that students might become dependent on the tutoring program, hampering 

them in learning to find their own way to an answer (Fox, 1993; Schoenfeld, 

1992). 
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The third option for timing support is giving help afterwards – also called 

delayed feedback – by providing students with worked-out solutions (model 

answers). This allows students to check their answers and compare their 

solutions with the one provided by the program. Special types of feedback 

afterwards have been shown to be effective under certain conditions (Anderson, 

Corbett, Koedinger & Pelletier, 1995; Bloom, 1984; Mathan & Koedinger, 2005). 

Feedback can be effective when provided directly after solving a problem. 

However, if the delay is greater, it is not effective because students may have 

forgotten part or all of their solution method (Mathan & Koedinger, 2005). The 

main disadvantage of delayed feedback relates to the amount of time that 

elapses between solving the problem and receiving feedback.  

 

Summary 

When helping students to solve problems, support can be given before, during 

or after problem-solving. Strategic knowledge is best supported with just-in-

time feedback. This means that help should be available the moment students 

need support to go on with solving a problem. By making help available during 

the problem-solving process the moment students need it, the mental block can 

be overcome, and the process can continue. However, just-in-time help also 

means evaluating the problem-solving process directly after finishing a 

problem. Support thus needs to be available during (help) and after 

(evaluation) the problem-solving process. The level of support should gradually 

fade away so that students do not become dependent on the help, but can 

develop their own problem-solving strategies. 

 

1.6 Summary and conclusions 

 

Learning to solve problems is an important skill in life which needs to be 

learned in school. Problem solving plays an important role in physics, and is 

used as a way to learn the subject. In school practice, it is used to test the level 

of students in a certain domain. Being a good problem solver thus means that 

students will succeed in science lessons at school.  

Research into problem-solving can be described very well from the 

cognitive perspective. From this view, successful problem solvers need three 

kinds of knowledge: declarative (facts, formulas, principles, etc.), procedural 

(when and how to use declarative knowledge) and strategic knowledge 

(monitoring and reflecting on the problem-solving process). The body of 

research on problem-solving and learning to solve problems is extensive, but 
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the characteristics of physics make it interesting to do research into problem-

solving in this subject. Compared with mathematics, for example, problem-

solving in physics incorporates more contexts from daily life. But contexts are 

also what makes it difficult for students to solve physics problems; 

preconceptions can block the learning of scientifically correct concepts needed 

to solve these problems. 

In addition to subject knowledge (declarative and procedural 

knowledge), the learning of strategic knowledge plays an important role in 

physics problem-solving. Strategic knowledge cannot be viewed separately 

from declarative and procedural knowledge; it involves working within a 

certain domain and thus relates to domain-specific declarative and procedural 

knowledge. School science emphasizes the learning of declarative and 

procedural knowledge, but neglects the learning of strategic knowledge despite 

its importance for the solving of physics problems. This thesis reports on 

investigations into the learning of strategic knowledge within physics. 

Strategic knowledge can be improved by solving a variety of problems 

that give students the opportunity to exercise and develop their solution 

strategies. The problems to be solved should not be too simple (closed problems 

in which students only learn declarative and procedural knowledge) nor too 

difficult (open problems which cannot be solved by students with insufficient 

content knowledge). Support needs to be available just-in-time, and with the 

students themselves guiding the help process as much as possible. Help should 

gradually fade away in order to give students the opportunity to develop their 

own problem-solving strategies. 

As an alternative to individual support from a teacher, problem-solving 

can be supported by a computer program which guides the student when 

solving problems. Help can be offered before, during or after problem-solving. 

The literature has shown that support for the development of strategic 

knowledge can best be offered just-in-time, which means during problem-

solving, and directly after problem-solving by providing model answers, 

offering students the opportunity to check and evaluate the problem-solving 

process. Help should be indirect, that is, students guide their own support in 

order to develop their own problem-solving strategies. 

A computer program with the above criteria can be implemented in 

present school practice. The program should not replace the teacher, but should 

be implemented at times when students work on problems independently. 

Teachers regularly guide a whole class, groups of students, or one individual 

student at a time. By working with a program that takes into account the many 
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individual wishes of different students, all students can be supported all of the 

time. 

Research into the use of such a program will tell us whether students 

really can benefit from using it to improve their strategic knowledge compared 

with students who work out problems using a textbook. Research into problem-

solving in the normal classroom is especially rare and could increase our 

knowledge of the practical implications of supporting problem-solving. The 

next chapter will describe the working out of the ideas mentioned in this 

chapter. I will also describe a preliminary study into the effectiveness of this 

kind of support using cards offering help to students in solving physics 

problems. The results were used to develop the computer program Physhint, 

which will be evaluated in the remainder of this thesis. 
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CHAPTER TWO 
 

Development and test of a prototype program to support problem-solving 

 

2.1 Setting for a new problem-solving program 

 

School practice as outlined in the first chapter suggests that students need 

instructional support in solving physics problems. The situation in school 

practice gives the impression that physics teachers are retreating from their role 

as the first instruction resource and that students have to learn to help 

themselves by using other sources such as books with model answers. It is 

therefore important to find means to improve the problem-solving abilities of 

students without involving the teacher too much. It is desirable to find a way to 

develop a computer-supported environment in which the students have 

considerable control and which provides just-in-time instruction. In this way 

students are encouraged to find solutions to problems independently of the 

teacher or model answers. The next section looks at what the characteristics of a 

student-controlled program for problem-solving should be. 

As Fullan (1991, 2001) underlines, innovations that fit smoothly into 

school practice have a high probability of being implemented if teachers agree 

about their value. The problem-solving program to be developed is designed to 

keep changes in school practice to a minimum, but to have maximum effect on 

the development of students’ problem-solving strategies. First, a series of 

lessons will be presented to let the students acquire basic declarative and 

procedural knowledge of the subject matter. The students are briefly instructed 

concerning the whole group, have to do independent work, practical work and 

a discussion of some of the completed problems. The role of the teacher will be 

to introduce and teach the subject matter and to guide and monitor 

independent work. This is more or less the standard practice as described in 

Chapter 1. Students will then learn how to apply their basic knowledge with the 

help of a computer program that offers support during problem-solving.  

The experiment will take place early in upper secondary level education 

(fourth year, ages 15–16), because students prepare for their final examinations 

in the last part (sixth year). In these higher years, students have chosen a stream 

with specific subjects. About one-third to half of the students in Dutch schools 

choose a stream which includes physics classes (Tweede Fase Adviespunt, 

2005). 
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2.2 Characteristics of an effective program for problem-solving 

 

For problem-solving, in addition to declarative and procedural knowledge, 

students need strategic knowledge that tells them how and when to use their 

basic declarative and procedural knowledge of a certain domain and to guide 

the solution process. Many researchers agree that improving strategic 

knowledge is not enhanced in a step-by-step teaching process but rather 

through indirect teaching. Indirect teaching is teaching that does not tell the 

students how to solve problems but invites them to find solutions and seek help 

actively if the solution process is blocked. In the previous chapter, I explained 

that problem-solving is too flexible a process to be learnt by step-by-step 

instruction of solution stages. Just-in-time instruction can help the student to 

continue the solution process if it is blocked. In combination with an evaluation 

directly after problem-solving, this should give the best results for improving 

strategic knowledge and thus problem-solving abilities.   

For the development of a problem-solving program, I took the program 

characteristics from the reviews of research by De Corte (2004) and Mayer 

(2008) as discussed in Chapter 1. In summary the characteristics are:  

• offer interesting problems to involve the students 

• vary the problems and focus on well-defined skills 

• choose a specific domain and relate knowledge to a general problem-

solving framework 

• give instructional support through indirect teaching 

• give ample opportunity for reflection and discussion  

• practise problem-solving 

• improve the self-efficacy of the student. 

Later in this chapter I will discuss how these characteristics will be used in the 

problem-solving program. 

 

Because I wanted to test the program in experiments, some specific conditions 

also have to be taken into account: 

• the program should be implemented in regular school practice and 

should account for constraints concerning time and the computer 

facilities available in schools  

• teachers should be able to implement the program without extensive in-

service training in order to ensure a sufficient number of teachers. 
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2.3 The topic of forces 

 

The characteristics of effective problem-solving programs for science education 

were discussed in the previous section. One characteristic is to restrict problem-

solving to a domain and a subject. The topic of forces is one of the most 

researched in science education (Malony, 1994; Pfundt & Duit, 1991). Although 

students might develop misconceptions while learning this topic (Malony, 

1994), results from research show that the misconceptions can be overcome 

through proper teaching and that regular school problems can be satisfactorily 

solved (Martin, Mullis, Gonzalez, & Chrostowski, 2004). The topic of forces is 

well-defined and can be taught in a series of lessons requiring conscious 

problem-solving by students. 

A second, more practical, argument for choosing the topic of forces is the 

moment at which it is taught in Dutch schools. In most schools, it is scheduled 

after kinematics, which makes it possible to pre-test problem-solving abilities. 

Moreover, because the topic of forces is a prerequisite for other topics in the 

overall physics programme, many schools do not want to schedule it late in the 

fourth year programme.  

 

2.3.1 Declarative and procedural knowledge on the topic of forces 

When the topic of forces is taught in upper secondary school, it is usually 

combined with the topic of torque. Figure 2.1 presents nationally determined 

learning outcomes from the national syllabus (Ministerie van Onderwijs en 

Wetenschappen, 1998). 

This is a limited list of concepts. These concepts and their inter-

relationships in the topics of forces and torque were analysed in order to gain a 

better understanding of the subject knowledge involved in the project. The 

analysis generated two concept maps (Novak, 1990) that were used as 

guidelines to determine the choice of material for the project. The analysis is 

depicted in Figures 2.3 and 2.4. These maps show the formulas as well as the 

relationships between the different formulas and ideas as incorporated in the 

subject.  

To develop the concept maps I began by writing down the explicit issues 

in the syllabus, such as ‘Newton’s laws’ or adding and resolving vectors. I also 

added standard situations often used in lessons and examinations (e.g. 

horizontal throw), basic mathematics (e.g. goniometry) and explicit concepts 

required for this subject but already learned in an earlier subject (e.g. velocity-

distance-time). 
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Figure 2.1: The topic of Forces and Torque in the examination programme (Ministerie van 

Onderwijs en Wetenschappen, 1998) 

 

The most common, important relationships between the different items 

completed the map. In this way two concept maps were worked out for the 

items of forces and torque. Relationships between both maps (forces and 

goniometry) can be found on some points. Figure 2.2 shows an example (a 

problem involving the friction on a sledge) for which it is important to 

understand the relationships between the different items. 

 

 

A sledge with mass 25.0 kg is pulled at a 

constant speed over a flat surface. This is done 

with a rope. The rope is at an angle of 37 

degrees above the horizontal. The force 

pulling at the rope is 64 N. 

Calculate the friction working on the sledge 

 

 

 

 

Figure 2.2: Problem as taken from Middelink et al. (1998) 

37
o
 

Subdomain: Forces and torque 

 

The student is able to 

22 depict/represent forces on a system as vectors: 

 • starting point of forces, working line: 

• adding forces with a parallelogram 

• resolving forces along two perpendicular axes 

• calculation of the size of the components 

23 explain Newton’s first law with the use of examples: 

• inertia when velocity changes 

• equilibrium of forces in case of constant velocity. 

24 calculate resulting force or acceleration with the use of Newton’s second law: 

• definition of unit of force 

• mass and gravity 

25 explain how torques work: 

• applying torques 

• comparison of the work of different forces in a system 

26 calculate forces with the use of law for sum of torque: 

• gravity point as starting point for gravity 

• lever and hoist tools, cog wheels, pulleys, V-cords 
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The sledge is pulled at a constant speed with a rope held at an angle of 

37o with the ground. The first thing students need to understand is the concept 

that the total force on the sledge is zero (because speed is constant), which 

means applying Newton’s first law. However, to solve this problem, students 

need to split up the pulling force at the sledge into a horizontal component 

working along the ground and a vertical component working straight upwards. 

The idea is that, because of the constant velocity the horizontal component is 

equal in size and opposite in direction to the frictional force of the snow. 

Splitting up the pulling force into the two components is done using 

goniometry. The concept map in Figure 2.3 shows that the concepts needed to 

solve this problem can be found in the upper-left corner of the concept map, 

and that Concepts 1, 10 and 4 are used.  

However, if we look at how students have to solve this problem, we see 

that they need to know not only the points in the map, but also the relationship 

between different points. The problem therefore requires both the use of one or 

more concepts and an understanding of the relationships between the different 

concepts as mentioned in the syllabus. 

All points on the concept maps can be considered declarative 

knowledge, and partly procedural knowledge. Students should learn to use the 

formulas in the concept maps and the procedures incorporated in these maps. 

But as the example shows, this is not enough. This task requires the student to 

make a sketch of the sledge in order to understand the forces exerted on it. The 

student may be able to solve the problem using this insight. That is why we 

have to find out which hints may help when students start to solve novel 

problems. Section 2.4 explains how hints can be developed.  

 

 

On the next two pages: 

Figure 2.3: Concept map of Vectors and Forces 

Figure 2.4: Concept map of Torque 
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Newton’s first law of forces 

If the resulting force = 0 (Newton) then  

the acceleration also =  0 (m/s
2
) 

Definitions + property variables: 

Fres = total of all forces 

Fmusc = muscular strength, Fg = gravity 

Ffric = friction, Fn = normal force 

Fspring = force of a spring  4. 

Adding two vectors (forces) 
Definitions + property variables: 

Direction is important 

Pythagoras’ theorem 

Tail-to-tip method of adding vectors 

Parallelogram method 

Trigonometry   2. 

Missing variable in right triangle  
Goniometry: sin, cos, tan 

Pythagoras’ theorem 

Definitions + property variables: 

Only when: in a right triangle! 

a2 + b2 = c2 

sin α = opposite side/sloping side 

cos α = adjacent side/sloping side 

tan α = opposite side/adjacent side 

α = sin-1 opposite/sloping side 

α = cos
-1

 adjacent/sloping side 

α = tan
-1

 opposite/adjacent    1. 

Newton’s second law of forces  

Fres = m . a 

Definitions + property variables: 

Fres = graphical addition of all forces [N] 

m = mass of accelerated object [kg] 

a = acceleration of object [m/s
2
]   5. 

Newton’s law of gravity  6. 

(simple version):  Fg = m . g 

Definitions + property variables: 

Fg = graphical sum of all forces [N] 

m = mass of object [kg] 

g = acceleration due to gravity [m/s
2
] 

Velocity is distance per time unit 

(v = ∆ s / ∆ t) Definitions + property 

variables: v = velocity [m/s],  

s = distance [m], t = time [s],   

∆ = difference between end and beginning  3. 

Horizontal throw 

Definitions + property 

variables: falling object 

with horizontal starting 

velocity is described by a 

parabolic function        7. 

Necessary for 

understanding a 

(acceleration). 

Fres = 0 

Calculating  

resulting  

force 

Combination of law of gravity 

and Newton’s first law of 

forces 

Confusing a with g, what are 

the differences, what are the 

similarities? Relationship 

between a and g?  
Combination of law of gravity 

and Newton’s first law of 

forces 

Calculating the 

resulting force 

Fres ≠ 0 

Force 

Definitions + 

property variables: 

Direction and size  

Same direction: 

sum  

Opposite direction: 

difference.        8. 

Resolving a vector (force) 

Definitions + property variables:  

Pythagoras’ theorem 

Parallelogram method 

Trigonometry   9. 

Necessary for 

Necessary for 

Neces-

sary for 

Necessary for 
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Definition of torque 

ϑ = F x d 

Definitions + property variables: 

ϑ = torque of a force [N.m] 

F = size of the force [N] 

d = lever arm 

(lever arm: the perpendicular distance from the 

axis of rotation to the line along which the force 

acts)     11. 

Net torque 

Sum of the torque: Σ M 

Definitions + property variables: 

Counterclockwise torque is taken 

positively  

Clockwise torque is taken negatively 

   13. 

Object in equilibrium 

if: Σ F = 0 and Σ M = 0 

Definitions + property variables:  

Σ F = sum of all forces as a vector 

Σ M = sum of the torque in relation to 

the axis of rotation  

  14. 

Lever arm (d) 
The lever arm is the perpendicular distance from 

the axis of rotation to the line along which the 

force acts. 

Definitions + properties variables: 

- Working line: line along which the force 

is working 

- Axis of rotation: defined point which 

lies in the middle of the rotation     12. 

Centre of gravity of an object 

Definitions + property variables: 

The centre of gravity of an object is the centre of 

mass of this object 

- For symmetric objects the centre of gravity 

can be found by taking the intersection of the 

symmetry lines 

- For non-symmetric objects the centre of 

gravity can be found by taking the 

intersection of two perpendicular lines   10. 

Trigonometry and ‘resolving a force in its 

components’ 

See first diagram; concepts 1 and 9 

- Trigonometry or Pythagoras’ theorem  

is often used to calculate the lever arm (= 

concept 1) 

- Force can also be resolved in components 

along and perpendicular to working line of 

the force (trigonometry and/or Pythagoras’ 

theorem is needed)  

(= concept 9, and so concept 1 needed)  

 

Necessary for 

Necessary for 

calculating the point 

where F is working  

Necessary for 

Necessary for 

Necessary for 

calculation of 

Σ M 

Force 

From first diagram,  

see concept 8. 

Force has a magnitude and 

a direction (= concept 8)  

 

Necessary for 

Alternative for   

‘object in 

equilibrium’ 

Choice of axis of rotation 

For an object in equilibrium, every 

point can be taken as a turning 

point. 

Definitions + property variables:  

See 11  

Alternative for a rule as written 

down in the book (M = 0 and sum F 

= 0, 14). This alternative is 

taught[?] in the lessons  

 15. 
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2.3.2 Use of a textbook to teach 

In the section above I discussed the knowledge necessary to understand concepts 

and relationships about forces and torque. In this section I will discuss the type of 

textbook and problems that can be used to teach declarative and procedural 

knowledge as well as problems for teaching strategic knowledge about this topic. 

The textbook plays an important role in science teaching. Instruction is done by the 

teacher and problems to be solved are mainly derived from the textbook the school 

uses to teach physics.   

Some conditions have to be taken into account when choosing a textbook as 

a basis for problem-solving related to forces: these include coverage of the topic 

(number of chapters), concepts and relationships presented (completeness), 

availability of self-instructive information needed to solve the problems (amount 

of instruction), availability of half-open and novel problems in the textbook, and 

use of the textbook in Dutch schools (dissemination among Dutch schools). The 

textbook by Middelink et al. (1998) best fits these conditions. An examination of 

the availability of information and the nature of the problems had shown that three 

textbooks could be used in the study. However, when the number of chapters 

needed to teach the subject were taken into account, Middelink et al. emerged with 

the best choice of method. If the topic spans more chapters, many schools split up 

the topic of forces within the curriculum, and are thus not suitable for our 

experiment. This method also has a very high degree of dissemination among the 

schools, which is another positive point for Middelink et al.1  

The textbook Systematische Natuurkunde (Systematic Physics) by Middelink 

et al. covers the topic of forces and torque in a single chapter. The authors of the 

textbook estimate that the topic requires about 15 lessons of 50 minutes. The 

chapter in the book contains more tasks than students need to work out in the time 

planned. When making a selection of the tasks, coverage of the concepts and 

relations as presented in Figures 2.3 and 2.4 were considered, as well as student 

workload. Most selected tasks came from the end of the chapter because these 

contain the more complicated problems. Because these tasks are semi-structured, 

they require more complicated solution strategies and more subject matter. For the 

first, preliminary experiment, 73 semi-structured tasks were selected from the 

                                                 
1 Although dissemination among schools is not public knowledge, I found through surveys at 
teacher conferences that the Middelink et al. textbook (1998) was in use in more than half of 
secondary schools in the Netherlands. 
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textbook. An example of a semi-structured problem is given in Figure 2.5 in the 

next section. Table 2.1 presents the complete list of tasks. 

 

Table 2.1 Selection of tasks chosen from the textbook 

Planned problems Introduction of topics, including concept numbers as found in Figures 

2.3 and 2.4. 

4 Problems: 1–4 Principle of superposition:  

- Vector versus scalar 

- Composing forces, goniometry and construction 1. 8. 

15 Problems: 5–19 - Resolving forces in rectangular components 

- Resolving forces in other components 2. 6. 9. 

4 Problems: 20–23 - Newton’s first law 3. 4. 

20 Problems: 24–42 - Newton’s second law 5. 

- Horizontal throw 7. 

15 Problems: 43–57 - Centre of gravity of an object and torque 10. 11. 12. 13. 

- Torque in context situations 14. 

8 Problems: 58–65 - Different axis of rotation 15. 

- Torque on pulleys 15. 

8 Problems: 66–73 - Fixed pulley versus loose pulley 

- Calculation of forces at a turning point 

 

2.4 Development of a prototype 

 

After choosing the subject matter, the next step was to implement the theory of 

problem-solving instruction in such a way that it enables students to solve 

problems individually with the help of supportive just-in-time instruction. 

The structure of the new program uses Schoenfeld’s (1992) problem-solving 

episodes: orientation (Survey), analysis (Tools), planning (Plan), check and 

reflection (Model answer). The instruction that goes with these episodes can help 

students to solve problems more systematically (see Section 2.2). The hints are not 

presented automatically but as a menu that students can select from. 

When choosing help, students have to select one of Schoenfeld’s episodes. 

In order to do this consciously (e.g. use their strategic knowledge), they have to 

decide which episode they have reached the moment they need help. Each episode 

covers different kinds of help. For example, the first episode, Survey, represents 

help at the beginning of the solution process and gives hints for surveying the 

problem. This could be advice to make a sketch of the problem situation, or to 
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calculate a simpler situation in order to gain an idea of what the problem entails. In 

the second episode, Tools, the student can find missing information needed for 

solving the problem. Plan gives hints if students are completely stuck and gives 

them part of the solution process. 

The program gives students as much room as possible to develop their own 

problem-solving strategies, which is why the problem-solving framework (menu 

of hints arranged in accordance with Schoenfeld’s episodes) is presented at the 

moment students need it. Students have three opportunities to answer. During the 

problem-solving process they are free to choose from the available help in the 

menu. After problem-solving, they have an opportunity to study model answers, 

which are worked examples of the solution to the problem. In most cases, more 

than one solution is offered to show that there are more ways to solve the problem, 

depending, for instance, on the representation of the problem situation. 

This structure supports students’ development of strategic knowledge. For 

example, if the students do not comprehend the problem description and choose 

help that goes with the Survey episode, they understand how to structure a 

solution process. The hints with the episode provide both subject knowledge 

(declarative as well as procedural knowledge) and more common strategic 

suggestions such as to make a drawing or calculate a simpler example (strategic 

knowledge), which can help students to represent the problem correctly. 

Several researchers have emphasized that in learning to solve problems 

there is a great need to link students’ strategic knowledge to declarative and 

procedural knowledge (see Section 2.2). In Chapter 1, I discussed seven 

characteristics of effective programs for problem-solving. This section will argue 

how these characteristics can be found in the computer program. 

  

a) Offer interesting problems to involve the students. From Middelink et al.’s textbook 

(1998), I chose problems with interesting contexts referring to concrete situations 

that the students could understand by looking at pictures representing the 

problem situation. Students are expected to be motivated to accept the task and try 

to seek a solution actively, as the tasks are in line with what will be expected of 

them in school tests.  
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b) Vary the problems and focus on well-defined problem-solving strategies. The problem 

situations in the textbook vary greatly. I picked those problems that refer to 

knowledge of forces and/or torque, as well as to strategic knowledge.  

 

c) Choose a specific domain and relate knowledge to a general problem-solving framework. 

The learning environment is embedded in the specific domain and subject of forces 

and torque. This limited domain enables students to acquire declarative and 

procedural knowledge in such a way that the development of strategic knowledge 

will not be hampered. 

 

d) Give instructional support indirectly. The question of giving support is twofold: 

how and when should support be provided? In Chapter 1 we saw that most 

researchers advised that direct support is not in line with the nature of problem-

solving. I therefore opted for indirect support, which allows students to choose 

support when they need it. Such support can be given before, during or after 

problem-solving. The literature on supporting problem-solving shows that support 

before problem-solving can be helpful for learning declarative and procedural 

knowledge, but that students need support during and after problem-solving 

when learning to develop strategic knowledge. For the program I therefore chose a 

combination of support during and after problem-solving.  

 

e) Give ample opportunity for reflection and discussion. Normally, reflection and 

discussion is expected in a teacher-student interaction or, for example, in 

collaborative learning. For our program, reflection on the solution process is 

organized by letting students choose hints after that part of the solution where 

they became stuck. By comparing the hints with their own solution, students see 

where they got lost and are able to continue. The program also offers different 

model answers to enhance reflection. 

 

f) Practise problem-solving. For successful training of strategic knowledge, practice is 

an important aspect of acquiring problem-solving skills. The program sequences 

problems from less complex to more complex so that students who have not fully 

mastered the basic domain knowledge can also start practising problem-solving. 

Students spend 10 lessons, practising on a total of 73 novel problems. Practice 
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starts early. In most of the 14 lessons, basic declarative and procedural knowledge 

is first taught and then students are asked to apply this knowledge in a program 

with novel problems they have not yet faced.  

 

g) Self-efficacy. Self-efficacy encourages students to resolve problems efficiently. 

The program offers hints to students who are unable to finish a problem, after 

which students may be able to finish it after all. We expect that – compared with 

regular education – the support provided will help students to finish more tasks, 

which can improve their self-efficacy.  

 

Figure 2.5 gives an example of a problem from the program. It shows how 

some of the seven design characteristics are incorporated. First, the problem is 

presented to the student, with episodic help provided in a menu below the 

problem.  

 

 

The figure shows a cord from which a weight of 50 N 

is hanging in the middle. Calculate how large angle α 

should be in order to let the weight hang and not 

break the rope if you know that the rope breaks at a 

tension of 120 N or more. 

         

 

 

What are you having difficulty with and what help do you need? 

 

Survey (two hints) 

Make a drawing 

 

Why does the rope break? 

 

 

 

Tools (three hints) 

   Using a parallelogram 

 

   Extra lines in the graph 

 

   Make a sketch of weight 

 

 

Plan (three hints) 

   Parallelogram becomes diamond 

 

   Argumentation 

 

   Sketching the forces  

 

Figure 2.5: Problem from the experiments with help for different episodes 

 

Schoenfeld’s episodes can be recognized in the list of hints. Each key word 

in the list refers to a hint which might help the student to solve the problem. The 

survey hints are given in Figure 2.6.  
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Keyword for Survey: Make a drawing 

 

 

Keyword for Survey: Why does the rope 

break?  

 

Survey: Make a drawing 

 

Hint: Make a sketch of the situation if the rope 

is slack and then if it is tenser (see the figure) 

 

Survey: Why does the rope break? 

 

If the rope is pulled tight, there is a big chance it 

will break if a weight is hung on it. You can see 

why this happens by looking at two situations: 

1. when the rope is hanging loosely 

2. when the rope is tense 

For both situations draw the force which causes 

the weight on the rope, and the forces in the 

rope which need to neutralize this force. 

Figure 2.6: Two hints from the survey menu 

 

The text of the hints is kept short. Where possible, visual representations are 

provided to make the hints as comprehensible as possible and to prevent cognitive 

overload (Clark & Mayer, 2008).  

After attempting to solve the problem, students can choose from a menu 

with short descriptions of three model answers. They can consult one or more of 

these. The different model answers may cover informal solution methods (such as 

tables or numerical calculations) or formal solution methods (such as formulas or 

algebraic equations). The function of the model answer is to support reflection on 

the solution process. Figure 2.7 gives three formal solutions for the problem in 

Figure 2.5. 
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Front: 

Model answer: Make diamonds 

Front: 

Model answer: Split up Fz 

Front: 

Model answer: Cosine rule 

Back: 

Model answer: Make diamonds 

First we explain why the rope 

can break: If the rope is hanging 

with less tension, it will hang 

deeper. Then the constructed 

parallelogram will be higher and 

the sides only need to be short in 

order to make a longer axis. If 

the cord is hanging with more 

tension, the forces in the rope 

will be bigger. 

| PS | = | PQ | = | RQ | = | RS 

| = | Fs | 

=> square PQRS is a diamond. 

In this diamond the diagonals 

are perpendicular and cut each 

other in the middle. 

=> PT = TR = |1/2 . Fz | 

In ∆ PTQ is 

cos α = PT / PQ = 25/120 = 

0.208  => α = 78o 

 

Back: 

Model answer: Split up Fz: 

First we explain why the rope 

can break: If the rope is hanging 

with less tension, it will hang 

deeper. Then the constructed 

parallelogram will be higher 

and the sides only need to be 

short in order to make a longer 

axis. If the cord is hanging with 

more tension, the forces in the 

rope will be bigger. 

| FSY | = | 1/2. Fz | = 25 N. 

FSY = FY . cos α 

=> 25 = 120 . cos α 

cos α = 25/120 = 0.208 => α = 

78o 

 

 

 

 

 

 

Back: 

Model answer: Cosine rule 

First we explain why the rope 

can break: If the rope is hanging 

with less tension, it will hang 

deeper. Then the constructed 

parallelogram will be higher 

and the sides only need to be 

short in order to make a longer 

axis. If the cord is hanging with 

more tension, the forces in the 

rope will be bigger. 

| AD | = | AC | = | BC | = | 

DB | =  

| Fs | 

Cosine rule in ∆ ABC 

BC2 = AC2 + AB2 - s.AC.AB.cosα 

Fs
2 = Fs

2 + Fs
2 - s.Fs.Fz.cosα 

1202 = 1202 + 502 - 2.120.50.cosα 

=> cosα = 502 / (2.120.50) => α 

= 78o  

 

 

Figure 2.7: The three cards with the model answers for the problem in Figure 2.5 on the back 
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2.5 Test of the prototype 

 

In order to test the usefulness of the instructional design of the learning 

environment, I decided to first create a paper version and see how well this 

worked with students (see Driscoll, 2002 on the value of creating and testing a 

paper version of a program before developing a new computer program). The 

major point of this test is to investigate whether instruction with hints helps 

students to solve the problems and whether use of the learning environment helps 

them understand the framework and when to use which hint. Through the test of 

the paper prototype, I wanted to evaluate the suitability of the problems, the 

suitability of the hints and the framework system used. More specifically, I 

addressed the following questions:  

• First, are the problems satisfactory so that students understand them as 

intended and are motivated to solve them? Are problems satisfactory so that 

students really need hints to solve them?  

• Second, do students understand the interface of the framework consisting of 

hints structured according to the episodes and do students understand the 

hints? While solving a series of problems, do students progress in their 

solution process when using the Survey, Tools or Plan hints? What 

modifications are needed to make the hints more usable during problem-

solving?  

As a result of this analysis the explanations of the problems and the hints will be 

adapted if necessary. 

 

2.5.1 Research design of the pilot study 

For this preliminary research a speak-aloud approach was used in which students 

were invited to read and solve a problem aloud and their spoken language was 

recorded on videotape. Eighteen students (fifth year of upper secondary school, 

pre-university level) from a school in the Netherlands were invited to individually 

work out a selection of the problems. Five students were male and thirteen female. 

The students had worked through the chapter about forces and torque in the book 

and had reached the necessary level of content knowledge when they took part in 

the pilot. All students had achieved sufficient results for their exams for this part of 

the textbook, ranging from 6 to 8.5 (on a scale from 1 to 10). In order to guarantee 
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that the problems used in the experiment were new to the students, problems 

which were not covered in the lessons were selected. 

The students were invited to talk as much as possible about the way they 

were working out the problem, including the difficulties they met and the choices 

they made. A total of 73 problems were tested. Each student solved eight to nine 

problems and each problem was done by two students. The problems, as well as 

the help for each problem, were offered on cards. The number of the task and a 

short description of the help, including the names of the episodes (Survey, Tools or 

Plan) could be found on the back of each card. At the beginning of the solution 

process, the student could only see the problem; only the back of the other cards 

was visible. The students worked out the problem using pencil and paper. While 

trying to solve the problem, they were allowed to turn over one of the help cards. 

The students were asked to explain their choice of card and say whether the hint 

helped them in the solution process. 

The students received a short training session in how to use the hints. After 

that, they had to solve some complex problems under the supervision of the 

researcher. If a student did not succeed during problem-solving, the researcher 

first asked standard questions in order to gain insight into missing information on 

the cards. Questions included: What do you think went wrong? Did you understand the 

question correctly? Did you use all the data in the problem description? Once the student 

answered these questions, the researcher asked which hint the student thought 

would best help him or her on the way. If no more help was available, the student 

was given additional help from the researcher in order to finish the problem. In all 

cases in which the student did not manage to solve the problem independently, I 

concluded that the help provided for that problem had to be adapted.   

The transcripts of the video recordings mostly involved student 

explanations for the different steps they took and the hints they used. For each 

problem, the researcher logged data about:  

• whether the problem was worked out correctly and in how many trials  

• the hints that were used  

• whether the hints helped students to progress in their problem-solving, and  

• whether students consulted the model answers after the problem was 

finished. 
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2.5.2 Results of the test 

During the test I found that some problems could be solved without the help of 

hints. However, in most cases the students did not succeed in working them out 

independently. The students often made a first attempt without consulting the 

hints but came up with an incorrect answer. They then tried again with the help of 

the framework offered by the hints. Table 2.2 gives an overview of how the 

problems were solved. Each problem was attempted separately by two students, 

bringing the total number of trials to 146. 

 

Table 2.2: Percentage of problems unsolved and solved with and without hints 

Total number of 

problems (each problem 

was tried out by two 

different students) 

Number of problems 

which could not be 

solved by one or both 

students  

Number of 

problems solved by 

both students; no 

hints were needed 

Number of problems 

solved by both 

students; one or both 

students used hints  

73  24 (33%) 19 (26%) 30 (41%) 

   

Of the 73 problems, 19 (26%) could be solved without help by both students. 

At first sight, these problems seem to be too simple. This came as no surprise 

because the problems were mainly ones from the beginning of the lessons on forces 

and the students participating in this study had all finished these lessons with 

good results. In total, 30 problems (41%) could be solved by at least one of the 

students but only after consulting one or more of the hints. These problems 

seemed to be difficult enough for learning to solve problems and the hints seemed 

to provide the student with appropriate support. The remainder of the problems 

(24, or 33%) could not be solved by one or both students, even after consulting the 

hints. This means that in at least one of the two trials the student did not manage to 

solve the problem without the researcher’s help. However, if we look at trials of 

the students solving these problems, the level of the problems does not seem to be 

the reason for this failure. Many problems could still be solved after some help 

from the researcher. This means the hints should be improved to help future users 

to solve the problems with the hints. 

An analysis of the students’ use of hints was also undertaken. Table 2.3 

shows the percentages of problems for which the different kinds of help were 

consulted by at least one of the two students. For clarity, unlike Table 2.2, which 

looked at problems needing adaptation and which therefore included every 
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problem with one or more mistrials and in need of adaptation, this overview gives 

overall averages for the use of support and the number of problems which 

succeeded. 

 

Table 2.3: Percentages of trials in which cards were used  

Total 

number of 

trials 

Percentage 

of trials  

with 

Survey 

consulted 

Percentage 

of trials 

with Tools 

consulted 

Percentage 

of trials 

with Plan 

consulted 

Percentage 

of trials with 

at least one 

hint 

consulted 

Percentage 

of trials 

with model 

answer 

consulted 

Percentage 

of trials 

with 

problem 

solved 

146 32% 40% 37% 70% 100% 79% 

 

Hints for Survey, Tools or Plan were used for 32%, 40% and 37% of the tasks 

respectively. These percentages show that each type of hint was used, although not 

in the majority of cases. With at least 70% of the tasks, one or more of the hints 

were used in one or both trials. If students used one hint, they often also consulted 

another type of hint (51% of the trials for which one or more hints were consulted). 

All students used the model answer after finishing a problem. In total 79% of the 

problems were finished correctly. 

The reported facts should be seen in the light of this study. The cards with 

hints were used in one-on-one situations, where students were asked to work out 

problems under the supervision of a researcher, and where the solution process 

was recorded on video. The situation might have influenced the behaviour of the 

students in that they consulted hints and used model answers more than they 

would without the researcher present. As reported in Table 2.2, 67% of the tasks 

were solved by both students, with or without the support of hints. This means 

that from the preliminary research I found no reasons to adapt this 67% of the 

problems. Some problems were solved by one of the students, but not by the other. 

Of the total number of trials, 79% were successfully completed without the help of 

the researcher. Another 3% of the tasks could be solved with the help of questions 

asked by the teacher. The remaining 18% of the tasks could only be solved with the 

researcher giving extra hints. The system did not work in 21% of the trial 

problems. In those cases, the help needed to be adapted in such a way as to help 

future users. I will discuss below the adaptations needed to improve the system. 

However, I will first give some examples of how students work with the hints, as 
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this will provide indications for how to adapt the set of hints. The first example is a 

student who fails to solve a problem despite using hints, and the second a student 

who succeeds in finishing a problem with the help of hints. 

 

Problem unsolved although hints are used: 

The first case is Emily (students’ names have been changed), who was trying to 

solve a problem about forces. This is a complicated task for which many hints are 

available. But not enough, as can be seen in the transcript (R= researcher and E = 

student). 

 

Transcript of Emily trying to work out problem 30:  

 

E. takes the problem and reads:  

Problem 30: For this problem, look at the figure. The 

mass of the ropes can be ignored when compared with 

the masses of blocks A and B. 

  

Calculate the normal force working on B. 

 

E. Copies the drawing onto her paper. 

R. You are allowed to say as much as possible; everything is meaningful to me. 

E. OK. Then I’ll make a drawing first.  

R. Yes, very good. 

E. The question is to calculate the forces on A and B. But I don’t know that formula 

anymore. So first let me take a look at a hint. 

R. OK. You already have an idea about which hint you need? 

E. Yes, a formula, a formula, I think. 

E. Turns over Tools hint: forces? 

In any case, gravity and a force of tension works on the blocks, and sometimes also 

a normal force. 

E. Force of tension…The forces on A and B…  

E. Turns over Plan hint 

Copy the figure, and draw in your figure the forces working on block A and also 

the forces working on block B. The block which first needs to be considered is the 

one with only working gravity and the force of tension on it. 

 

1.0 kg 

4.0 kg 

6.0 kg 

A 

B 

suspension 
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E. The block which first needs to be considered is the one with only gravity and 

force of tension. That’s that one (points at block A) 

E. Which first needs to be considered… So first block A. 

E. Writes: Block A:  

E. But then I still do not know the formula. 

E. reads the front of a hint card: Which mass to be calculated first? 

E. turns over Survey hint: Tension in a cord 

Everywhere in the cord, the tension is equal. 

E. Is equal, everywhere in the cord. I assumed that already, I think. 

R. OK. 

E. Yeah, then I have to turn over another one. 

E. Turns over Survey hint: which mass should be calculated first? 

The Fres at A and B is 0 N, because the system is not moving. You can first calculate 

the situation for block A. 

E. Oh yes. Fres. Oh yes, isn’t that the formula with force and mass is force and 

mass? Wasn’t it F = m.a or something like that? 

E. writes: F z = m.g Fz = 4.9,81 = 39 N. 

E. 39 N. But then I still have to calculate the tensional force. Yes, but then first I will 

calculate B. Because in that one we also have a normal force. Let us first calculate 

gravity. 

E. writes: block B = Fz = 6.9,81 = 59 N. 

E. But I don’t have any idea how I now calculate the normal force… Oh wait, um. 

The forces on each side have to be equal of course. I think, yes. 

E. takes Survey hint: Graphical 

Copy the figure, and draw in your sketch the forces as working on A and B. 

E. I’ve already done that. Then how to calculate the normal force? Or the tensional 

force? Because I don’t know if um … I have to incorporate the pulley … And I have 

been running through my hints. 

 

The student gives up because the hints do not seem to be sufficient for her 

to finish the task. She has started running out of hints and cannot find a way out. 

What seems to disturb the solution process is that the student does not see the 

meaning of the hints. Although the hints point to a graphical way of solving, or 

partly solving, the problem, she still looks for a formula (which does not exist in 

the way she needs it). This student might be helped by more general hints that 
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encourage her to reflect on her solution process and to look for different ways of 

solving a problem. In this case, this would involve trying to fill in formulas and 

making sketches to clarify and therefore solve the problem. This problem thus 

requires adaptation in the form of more Survey hints to encourage the student to 

elaborate the problem further. 

 

Problem solved with hints: 

Next, the case of Wendy is discussed. This is a good example of a student who 

manages to finish a task by using hints. She first reads the problem and 

immediately looks at a hint with the episode Tool. She then tries an answer, which 

proves to be incorrect. Then she tries again. The transcript starts at this point. (R = 

researcher and W = student). 

 

Transcript of Wendy, trying to solve problem 21 for a second time. 

Problem 21: 

For 60 seconds different forces work on an object. 

During these 60 seconds, the object keeps moving 

in a straight line. The velocity of the object during 

these 60 seconds is plotted on the figure on the 

right. During the first period, a force of 0.30 N 

works on the object. 

 

Question: What is the mass of the object? 

 

R. OK. If I tell you that this answer isn’t correct. 

W. OK. 

R. What could you do? 

W. Find the formula for acceleration … According to me this is the first period.  

Points at the first part of the graph. 

W. Let’s take a look at that. 

Takes Survey hint: Acceleration? 

From the first part of the graph you can determine the acceleration by using a = ∆ 

v / ∆ t 

W. Yes, that is what I did wrong: the difference between um … 

R. You can do it again. 
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W. Yes, …um. Then it will become the same, except that I have to divide it through 

… 

R. Yes, exactly. 

Writes a = ∆ v / ∆ t 

a = 3/15 = 0.2 

m = 0.3 / 0.2 = 1.5 

W. Then we get a mass = 1.5 

R. Very good.  

 

Since Wendy’s first answer was not correct, she became confused and 

decided to take a second hint. The hint shows she used an incorrect version of the 

formula, and in the second trial she succeeds. This student thus needed help, but at 

the level of declarative knowledge. In this case, the student was helped, but the 

question remains as to whether her strategic knowledge benefited from this help.  

 

In 32 of the 146 trials the problems were not solved by the students. These 

unsuccessful trials covered 24 of the 73 problems in total. The two examples given 

above represent two different ways in which students failed. In order to show how 

support needs to be adapted, all failures and possible solutions were classified, as 

can be found in Table 2.4. 

 

Table 2.4: Reasons why students failed to solve problems and proposed solutions 

 

Description of reason 

Total 

times 

counted 

Number 

of 

problems 

 

Possible adaptation of the program 

Lack of content knowledge 16 14 Extra hint for Tools 

Problem too difficult to solve 6 4 Extra hint for Plan (alternative 

way of solving the problem)  

Not understanding problem – no 

overview 

4 3 Extra hint for Survey (alternative 

way of analysing the problem) 

Not understanding problem – 

problem description is ambiguous 

3 3 Adaptation of description of 

problem 

Miscalculation 2 2 Stimulation of monitoring, 

improving hints for Plan 

Confusion of terms by the student 1 1 Stimulation of monitoring, 

improving hints for Plan 
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From the 32 unsuccessful trials (21%), half could be solved with an extra 

hint providing extra declarative and/or procedural knowledge. There are many 

reasons for student failure in the other half. Sometimes a student did not 

understand the problem because the question was not well formulated. After an 

explanation of the question by the researcher, the student was able to solve the 

problem. However, in some cases, even after hints from the researcher, students 

were not able to solve the problem. A more elaborate discussion with the students 

showed these problems to be suitable for the project, but the students could not 

solve them because they had finished the chapter some time ago. If they had 

worked though the chapter more recently, they would have been able to finish 

these problems. In order to meet the difficulties of future students, an extensive 

plan could be given, which needs to be one of the options under Plan. 

 

2.5.3 Conclusions about the prototype of the program 

The first question is whether the problems are satisfactory so that students are 

motivated to solve them and whether they can only be solved with the help of 

hints. The second is whether the hints improve students’ problem-solving (do hints 

help?). My impression was that the students were motivated to solve the problems. 

They seemed interested in the context and understood the issue involved in most 

problems. Strikingly, 26% of the 73 chosen problems were too easy for the students 

and students did not need the hints to arrive at a correct answer. Thirty of the 

problems (41%) were solved with the help of hints and 24 (33%) were too difficult 

to solve for one or both of the students in the experiment. The hints did not 

provide enough help for them to reach a final solution. It seems that some hints 

had to be improved in order to make the problem representation or solution 

processing feasible for students. In some cases, a change was made in the number 

of hints. Five tasks which appeared too simple were removed. In order to 

guarantee coverage of all concepts, twelve new problems were included in the 

definitive set. The transcripts showed that some problem situations were poorly 

represented and the explanations accompanying these problems were revised. 

The students understood the interface of the framework. The students 

understood most of the hints and were guided by them to the correct solutions for 

most problems. With regard to the total number of problems solved without hints, 

it should be borne in mind that the students in this study had already finished the 
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textbook half a year earlier and had therefore mastered the declarative and 

procedural knowledge. This may explain why they needed help for only 74% of 

the problems. It indicates that they still remembered much of the knowledge about 

the topics of forces and torque. We emphasize that the time period between 

teaching declarative and procedural knowledge in the pilot experiment differs 

from that used in the later experiments, in which the teaching of this knowledge 

and problem-solving with the program will occur simultaneously. I was aware of 

this but made the choice for practical reasons. Nevertheless, I believe that the 

information from the pilot did meet the aim of evaluating the problems and hints. 

 

2.6 Recommendations for the instructional design of the computer program 

 

On the basis of the prototype test it was decided that the program set-up with 

cards would be developed into a digital web-based version, but based on the same 

framework. The program would provide the problems, a help menu with hints, an 

option to check answers, and a menu with model answers. 

The computer version will start with an introductory screen on which 

students can choose the problems. The introduction page will also provide an 

overview of the problems already completed (ordered into solved and unsolved). 

During problem-solving, students will also be able to choose additional instruction 

by clicking on a toolbar with short descriptions of different kinds of hints available. 

The hints are again: Survey (Schoenfeld’s ‘read’ and ‘analyse’ episodes), Tools 

(‘explore’) and Plan (‘plan’). As in the cards experiment, by being offered hints for 

each episode and using different solution methods, students can continue the 

solution process and find a solution.  

After reading a hint, students will be able to return to the hints menu by 

clicking on BACK. After answering, they will be given an opportunity to check and 

reflect on their solution (‘verify’). They have three opportunities to check their 

answer and may continuously consult the hints. After giving a correct answer or 

after the third attempt, students will receive a menu with descriptions of worked 

examples. They can consult one or more of these model answers. The different 

worked examples may contain informal (table, numerical calculation, etc.) or 

formal solution methods (formula, algebraic equation, etc.). The function of the 

worked examples is to support reflection on the solution process.  
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The program’s user interface will be kept simple and will contain only the 

necessary information. The problem is displayed on the left-hand side of the screen 

and the menu with episodes and their hints on the right-hand side. The functions 

in the program are shown in Figure 2.8. If a student clicks a hint, the information 

will appear to the right of the problem description and cover the menu. In this way 

the problem and hints are on the same screen and the student can move back and 

forward from problem to hint. After solving the problem, the help menu on the 

right changes to a menu with short descriptions of the different model answers, so 

that the different model answers can be chosen. 
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CHAPTER THREE 
 

Design of the main study of Physhint 

 

3.1 Research questions 

 

The goal of this thesis is to evaluate a digital support system which encourages 

students who possess declarative and procedural knowledge in the domain of 

vectors and forces to learn how to solve new problems and which aims to improve 

their strategic knowledge. Answers are sought to the following questions: 

1. Will the use of a computer program that supports students during and after the 

solving of physics problems in school practice improve students’ strategic knowledge? 

2. In what way does such a computer program influence the development of 

strategic knowledge during students’ problem-solving practice? 

In Chapter 1 and the preliminary research described in Chapter 2, the 

characteristics of a computer program were described that can support the 

development of strategic knowledge during and after problem-solving. The 

following chapters will describe two experiments involving the analysis of student 

use of such a program and the measurement of the program effects by means of a 

pre-post-test design with one (the first experiment) or two experimental groups 

(the second experiment) and a control group. These experiments will provide 

answers to both questions. This chapter discusses the design of the two main 

experiments on the effect of computer-supported problem-solving in physics 

education. 

 

3.2 The Physhint program  

 

The Physhint program was based on a computer-supported problem-solving 

program for mathematics called Wiskhint, developed by Harskamp and Suhre 

(2006). The program was successful in supporting student self-regulated learning 

of mathematics tasks. Like Wiskhint, the program Physhint guides students in 

learning a strategic way to approach tasks. The tasks, the hints provided to solve 

the tasks and the model answers in Physhint are based on the results of the 

preliminary study as described in Chapter 2. The results of this pilot study were 
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used to make a final selection of problems for the program and to modify and 

supply the hints that can be found in the Physhint program. 

The program is a practical application of the theoretical outline given in 

Section 2.6. Extensive descriptions of the program, as well as samples of the 

program screen and menu are given in Sections 4.2, 5.2, 6.2 and 7.2. 

 

3.3 Implementation of the computer program in lessons about forces 

 

In order to follow common school practice, the problems in the Physhint program 

are taken from the chapter about forces and torque from a frequently used 

textbook in the Netherlands (Middelink et al., 1998).  

In order to study the effectiveness of the new program, students 

participated in 14 lessons of 45 minutes in which they received classroom 

instruction, did practical work and worked independently. Teaching periods, 

practical work and demonstrations were the same for both experimental groups 

(using the computer program) and the control group (using the textbook), and 

were given to the group as a whole. The tasks were done independently, with 

students from the control group staying in the classroom while students from the 

experimental groups went to the computer room. The implementation of Physhint 

thus incorporated blended learning: students received instruction from a teacher, 

which was the same for the different experimental and control groups, but there 

was also an individual instruction component, in which the experimental groups 

worked with Physhint and the control group with the textbook with model 

answers. 

The instruction was about three topics within the domain of forces: vectors, 

Newton’s laws and torque. The following items were included: 

• Vectors: this is a block of three lessons that starts with an introductory 

lesson. The principle of superposition is explained, and the difference 

between a scalar and a vector is discussed. Examples of calculations and 

constructions are worked through in class. Instruction is given on how to 

compose forces with the help of goniometry and construction. The 

resolution of forces into rectangular and other components is discussed and 

example problems are worked through. After these group activities, 

students have 60 minutes to work on problems independently. 
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• Newton’s laws: this is a block of four lessons giving an introduction to the 

concepts of Newton’s first and second laws; some example exercises are 

worked out in class and discussed. Demonstrations are given of a cart on an 

air track and of a computer measurement of an accelerating car. Practical 

group work is done by the students on how to measure and calculate 

accelerations. After these group activities, students have 160 minutes to 

work on problems independently. 

• Torque: the last block of seven lessons starts with an introduction to the 

concepts of centre of gravity and torque. Conservation of torque is 

introduced and discussed by presenting four problems about torques in 

class. Students work out the problems in the lesson. Checking and reflection 

is done in the class under the guidance of the teacher. Practical work for this 

subject consists of practically working out problems on the subject of torque 

in groups of three to four students. This part ends with the discussion of the 

differences between a fixed pulley and a loose pulley and the calculation of 

forces at a turning point in a system. After these group activities, students 

have 140 minutes to work on problems independently. 

A description of the pre-test of the suitability of the set of problems used in the 

lesson scheme was given in Chapter 2. The final version of the lesson plans used in 

the experiments can be found in the following chapters.  

The lessons described here indicate that instruction by the teacher and 

guided practice always precedes individual practice on problem-solving in the 

series of lessons. Only individual practice is different for the experimental and 

control groups. In summary, the students from the control group and the 

experimental group worked on the same problem-solving tasks. The students in 

the control group took the tasks from the textbook and the students in the 

experimental group from Physhint. To check the answers and verify the solutions, 

students in the control group could consult a solution manual. For the students in 

the experimental group the program would fulfill this function. 

 

3.4 Methodological choices 

 

Two experiments were undertaken in which student use of the program was 

analysed, and the effects of the program were measured with a pre-post-test 
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randomized design, with one (the first experiment) or two experimental groups 

(the second experiment) and a control group. 

 

3.4.1 Type and number of students 

In both experiments, the program was implemented in secondary schools in 

the Netherlands: in the first experiment a school was selected in the north of the 

Netherlands with average results in the national examinations. The second 

experiment included four secondary schools with average national examination 

results. These were a ‘gymnasium’ and three regular secondary schools. In both 

experiments, students were attending pre-university education and were 15 to 16 

years of age. Only mixed-gender groups were considered. Socioeconomic status 

(SES) was not explicitly measured, as no significant differences were expected 

between the schools and no relevant differences within classes. 

Power analysis shows that in comparing groups with intermediate effect 

sizes (Cohen’s d = 0.50) and significance level p < .05, the number of students per 

group should be 25 or more (Faul, Erdfelder, Lang & Buchner, 2007). If the 

expected effect size is larger (e.g. differences between the means of the groups are 

larger) then fewer students per group are needed to find a significant effect. But 

group sizes are limited for practical reasons. The first experiment in 2003 was done 

in one school in order to pilot test the program and gain experience in its 

implementation in a school setting. The aim of the first experiment was to find 

indications of the effect of Physhint on student problem-solving and to gain ideas 

for improving the experimental setting so as to implement the program in the best 

possible manner in the final study. In the second experiment, students came from a 

number of schools. Convenience sampling was used for the selection of schools, 

teachers and students. Table 3.1 gives an overview of the spread of students over 

schools, teachers and gender. 

In the first experiment, students (n = 37) came from two different groups at 

the same school and received physics lessons from two different teachers. Both 

teachers had received academic teacher training in physics. One teacher had seven 

years’ experience and the other fifteen. Students were 16 years of age and were 

from the pre-university stream. In the second experiment, students (n = 59) came 

from six different groups, with five different teachers and from four different 

schools. 
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Table 3.1: Background of students participating in the experiments 

 Experi-

ment 

Type of school Situated 

in NL 

Girls 

(N) 

Boys 

(N) 

Group 

DA 

Group 

A 

Group 

C 

Overall Experiment 1 1 Pre-university  18 19 11  26 

School 1 (Teacher 1) 1 Pre-university North 9 7 5 - 12 

School 1 (Teacher 2) 1 Pre-university North 9 12 6 - 14 

         

Overall experiment 2 2 Pre-university  27 32 18 18 23 

School 1 (Teacher 1) 2 Pre-university North 9 5 3 4 7 

School 1 (Teacher 2) 2 Pre-university North 5 7 3 5 4 

School 2 2 Pre-university East 2 4 2 2 2 

School 3 2 Pre-university West 3 6 3 2 4 

School 4 2 Pre-university 

(gymnasium) 

North 8 10 7 5 6 

 

Three schools incorporated both general and pre-university education, but one 

school was a gymnasium, which only included pre-university education (School 4 

in Table 3.1). Students were 16 years old and all came from the pre-university level. 

The schools are situated in the north, east and west of the Netherlands. All teachers 

except one were experienced teachers who had received academic teacher training 

in physics. One teacher was still taking her university teacher degree during the 

experiment, but was supervised by an experienced teacher.  

In order to reduce the effect between groups, students within groups were 

assigned to different experimental conditions. In this way, the influence of group 

composition or the style of a teacher in a group was spread among the research 

conditions. 

 

3.4.2 Research conditions 

All students in the classes involved received the same instructional materials and 

explanations from their teacher. Students within a class were only placed in 

research conditions during the part of the lesson where they worked on the 

problems independently. Differences among the different classes were reduced in 

four ways: 

• A concise booklet gave the teacher instructions on how to present the 

subject knowledge, how to train the students in applying this knowledge in 

introductory exercises, when to plan laboratory work, and when to let 

students solve novel problems in order to learn to apply their domain 
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knowledge. Before the experiment started, the researcher met the teachers 

and computer network experts at the schools in order to eliminate in 

advance possible problems with testing, instruction and/or implementation 

of the Physhint program. 

• Teachers handed in their personal lesson plans and the researcher checked 

whether the desired schedule of the experiment would be followed. 

• The researchers regularly visited the lessons. Consultation by phone was 

also carried out. 

• The computer logged the clicking behaviour of the students, giving the 

researcher insight into the use of the program by the students from the 

different schools. 

Because the program was implemented as an experiment in school, some specific 

issues needed to be addressed and conditions fulfilled: 

• In the experiment, there would be a comparison of students who were 

offered different instruction. Although precautions were taken to 

standardize the instruction of the different teachers as much as possible, one 

teacher’s instruction method could still be different from another’s. In order 

to minimize this effect, the different groups of students were taught in the 

same groups and by the same teachers. Each teacher thus taught students 

from the different experimental and control groups. 

• All students, not just volunteers, were included in the experiment. Thus the 

instruction matches regular education. 

• Experimental conditions would be compared with regular education. The 

only difference between the experimental condition and regular school 

practice is that the former has the experimental instruction as mentioned 

above.  

• Different textbooks are used in the Netherlands. In order to compare 

students from different schools, the textbooks used by the different students 

are the same. 

 

3.4.3 Design of the experiments 

The aim of the first experiment is to find out if the computer program with hints 

during problem-solving and model answers afterwards is more effective in 

teaching students to solve problems than the traditional way of practising 
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problem-solving using problems from the textbook and model answers (worked 

out solutions to a problem) from a solution manual. We also wish to find out 

whether the program proves effective in increasing strategic knowledge and 

whether this correlates with how students use the hints and model answers in the 

computer program.  

There are two research conditions in this first experiment: 

• An experimental group (n = 11) with hints ‘during and after’ (DA group). In 

this condition, students solve problems with help from the computer 

program. Help consists of hints during problem-solving and model answers 

after problem-solving. 

• A control group (n = 26) in which students receive the problems on paper 

and can check the answers and solutions with the help of the solutions 

manual (C group). This group represents usual practice in physics classes in 

the Netherlands. 

 

The second experiment tests the surplus value of hints during problem-

solving. If an extra effect can be found, it would be interesting to discover whether 

the way the students use hints in the program might be related to successfully 

finishing problems, and how the use of model answers can improve the solution 

process while using the program. There were three research conditions in this 

second experiment: 

• The ‘during and after’ group (DA group) (n = 18) received support from the 

complete computer program. Help consists of hints during and model 

answers after problem-solving. Students are able to use hints, to check 

whether their answers are correct and, after answering, to compare their 

solution with the worked examples given by the computer program. 

• The ‘after’ group (A group) (n = 18) used the same computer program, but 

students only have the option of checking their answers and consulting 

model answers (this option is only available in the second experiment). 

Students thus do not have hints available during problem-solving. 

• The control group (C group) (n = 23) received the problems on paper and 

students were able to check the answers and solutions with the help of the 

textbook and the solutions manual. 
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3.4.4 Data collection 

In both experiments, we collected information about student subject knowledge 

and problem-solving skills by giving two pre-tests to the students followed by the 

treatment, and finally two post-tests measuring the same categories. A schedule of 

the procedures in the experiments is found in Figure 3.1. 

 

Figure 3.1: Schedule for the procedures in the experiments 

 

During the program, the use of episodes and hints by the students in both 

experimental groups was registered by means of log files. In addition, the 

completed answers were logged by the program. The program also recorded all 

steps made by the students over time. For the students in the control group, the 

teacher checked the number of problems worked out and kept a record of the 

problems solved correctly. The students kept a record of the time they spent on the 

problems and handed this to the teacher. 

 

3.5 Performance tests 

 

Declarative and procedural knowledge as well as strategic knowledge was pre- 

and post-tested. Chapter 1 showed that routine problems can be solved by using 

declarative and procedural knowledge, with ‘routine’ meaning that the same kind 

of problem has already been solved and students are thus able to solve them. This 

is often the case with problems presented in textbooks (see Chapter 2). Strategic 

knowledge is necessary for solving more complicated and unknown problems. To 
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solve complicated problems, students not only need strategic knowledge, but also 

declarative and procedural knowledge in order to analyse a problem and create a 

plan to solve it. Having students work out complicated problems, tests the 

combination of applying declarative and procedural knowledge, as well as 

strategic knowledge. In this thesis, measuring strategic knowledge means the 

application of strategic knowledge during problem-solving. This was measured by 

evaluating students’ written reports on the use of episodes in the problem-solving, 

pre and post-test (Veenman, 2005). 

In order to test the students’ specific strategic knowledge, their declarative 

and procedural knowledge of the topic under consideration were also tested. Four 

tests were used in the experiments. The first two – the knowledge pre and post-test 

– mainly tested declarative and procedural knowledge of the topic, while the last 

two – the problem-solving pre and post-test – tested strategic knowledge. For full 

versions of the tests see Appendices A to D. 

Figure 3.2 presents examples of problems which test the declarative and 

procedural knowledge of the students. 

Figure 3.2: Items 6 and 16 in the knowledge pre-test 

 

The description of the declarative and procedural knowledge needed to 

solve these problems can be found in Figure 2.3, which presents a concept map of 

vectors and forces. To solve Problem 6, students need to use their knowledge about 

adding two vectors, and the mathematics knowledge involved (Items 1, 2 and/or 3 

in the concept map). To solve Problem 16, students need to use Newton’s first law 

of forces (Item 4 in the concept map). The subject-specific knowledge of vectors 

and forces was tested in the knowledge test. 

The strategic knowledge pre and post-test presented students with a 

problem requiring the above declarative and procedural knowledge, but also 

 Problem 6 

In the picture, you see a plane with two forces working on 

it. The small force has a magnitude of 3 Newton, the 

large one 5 Newton. How big is the total of both forces? 

 
Problem 16 

A spaceship is flying through space, without propulsion. The spaceship does not feel any 

influence from planets or stars. What is happening to the velocity of the spaceship?  

Explain why. 
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strategic knowledge. Students were expected to be familiar with the declarative 

and procedural knowledge needed to solve the problem, but the problem was 

dissimilar to the problems practised before and needed more solution steps to 

solve. Students had to apply strategic knowledge about tackling problems (what 

steps to take and how to check progress) in order to solve the problem. An 

example of a problem in the strategic knowledge test requiring this declarative and 

procedural knowledge is given in Figure 3.3.  

 

Figure 3.3: Problem 1 in the problem-solving post-test (Pol, Harskamp & Suhre, 2005) 

 

While solving this problem, students need strategic knowledge in order to 

have an overview of the different steps needed to solve the problem and meta-

cognitive knowledge when setting up and working out a solution plan. The 

students also need subject-specific declarative and procedural knowledge of 

vectors and forces, as described earlier in this section. This test thus incorporated 

all knowledge needed to solve problems. From now on, this test will be called the 

problem-solving pre and post-test. 

In drawing conclusions about the strategic knowledge of students, we need 

to look at the scores on the problem-solving tests. However, because these scores 

are influenced by the students’ declarative and procedural knowledge, the scores 

on these aspects of knowledge are taken into account when analysing the scores on 

the problem-solving tests. 

 

3.5.1 Knowledge tests 

Both the knowledge pre-test and post-test consist of 20 items, the subjects of which 

are resultant and composite forces (vectors), Newton’s first and second laws, and 

torque. The pre and post-test were at the expected level of the students and 

therefore differ in the cognitive level of the tasks. The task level for the pre-test was 

Problem 1 Weights on a cord 

 

A weight G hangs from a cord 1.00 m in length. 

Because the rope is pulled to one side with a 

weight of 0.50 N, the cord is at a 35
o
 angle. 

 

Question: Calculate the weight G. 

 

35o 

1.00 m 

G

K 

0.50 N 
G 
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taken from chapters used in earlier classes. Examples of items used in the 

knowledge pre-test can be found in Figure 6.9. Scoring the knowledge pre-test was 

done by giving a point to every correct aspect needed to solve the problem. The 

knowledge post-test has a comparable level to the tasks in the program. Examples 

of items in the knowledge post-test can be found in Figures 4.4 and 6.10. As with 

the pre-test, students received a point for certain steps in the solution process in 

the post-test. For both tests, students could earn up to three points for every 

question, making a possible total of 60 points for the knowledge pre-test and post-

test. In the first experiment, the internal consistency of the knowledge post-test as 

shown by Cronbach’s alpha is 0.56. The low level of internal consistency was taken 

into account, as can be seen in Chapter 4. In the second experiment, both the 

knowledge pre-test and post-test show a sufficient level of reliability (α = 0.70 or 

higher). In the second experiment, the correlation between the knowledge pre-test 

and post-test was 0.31 (p < 0.05). A full version of the knowledge pre-test is given 

in Appendix A while a full version of the knowledge post-test is given in 

Appendix B. 

 

3.5.2 Problem-solving tests 

Strategic knowledge was tested by the problem-solving pre and post-test. The 

problem-solving pre-test consisted of six applied problems on topics which had 

been taught during the previous two years. The problems were set in situations not 

previously encountered by the students. The subjects of the problem-solving pre-

test were distance, velocity and acceleration. Examples of these tests can be found 

in Figures 4.2, 5.4 and 6.6. When solving the problems in the problem-solving pre-

test, the students were explicitly asked to write down how they analysed the 

problem, came up with a solution plan and checked their solution. An example of 

a scoring model for problems in the problem-solving test is given in Figure 6.8. As 

we see in this model, the different episodes are graded, with a maximum of 2 

points for analysis, 6 points for the plan (or working out the plan) and 2 points for 

the analysis, resulting in a maximum of 60 points for the problem-solving pre-test.  

The problem-solving post-test consisted of five applied tasks on the subjects 

of forces and torque. The tasks were set in situations not previously encountered 

by the students. Examples of problems in the problem-solving post-test can be 

found in Figures 4.3, 5.5 and 6.7. The scoring model is given in Figure 6.8. As in the 
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problem-solving pre-test, the students were able to demonstrate their ability to 

fulfil the episodes ‘analyse’, ‘plan’ and ‘verify the solution’. Again, grading was 

done with a maximum of 2, 6 and 2 points for the respective parts of the test, 

making a possible total of 50 points for this post-test. Comparison of the results of 

the different tasks gave correlations of between 0.60 and 0.95 for the different 

items, with an average of 0.82. The overall reliability was sufficient to use the 

scoring model to score both tests (α = 0.70 or higher). In both experiments, the 

correlation between the problem-solving pre-test and post-test was significant 

(p < 0.01). A full version of the problem-solving pre-test is given in Appendix C 

while a full version of the problem-solving post-test is given in Appendix D. 

 

3.6 Analyses 

 

This study was based on the results of two experiments that analysed the effect of 

computer-supported training. It was expected that students who used the program 

to do better on a problem-solving test afterwards. However, it was also expected 

that students would use hints in a more systematic way while working with the 

program, which would account for at least part of the effect. The results of the two 

experiments on problem-solving will be discussed in Chapters 4 and 6. The 

relationship between different aspects of the problem-solving process, use of hints 

in the program and the scores on the problem-solving post-test will then be 

discussed in Chapters 5 and 7.  

Although the students had lessons in groups, these groups were divided up 

and individuals assigned to a research condition. The treatment in the research 

conditions was at the level of individual (students working individually on 

Physhint or their textbook). Therefore, analysis of the effect of the research 

conditions was done on an individual basis. Descriptive techniques were used to 

describe the data on the use of hints and the results of the tests for the different 

groups in the experiments. To test the differences in problem-solving post-test 

scores between the experimental and control groups, analysis of covariance was 

applied with pre-test scores as the covariate (Cohen, 1988; Van Peet, Van den 

Wittenboer & Hox, 2000).  

In order to find possible developments in the systematic use of program 

hints, student use of the program in the first part of the project was compared with 
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their use in the last part of the project. This comparison made it possible to show if 

there was a change in the way hints were used in the experimental groups. 

Furthermore, possible relationships within the experimental groups, between the 

use of hints, the number of correctly solved problems in Physhint, and scores on the 

post-test, were studied using correlational analysis (partial correlations), taking 

into account students’ pre-test scores. More explicit descriptions of the analyses 

used are given in the following chapters.  



 70 



 71 

CHAPTER FOUR 
 

Solving physics problems with Physhint2 

 

4.0 Abstract 

 

The main goal of most physics textbooks is to develop declarative and procedural 

knowledge. Exercises provide pupils with opportunities to apply this knowledge. 

However, when confronted with more complicated exercises many pupils 

experience difficulties in solving them. A computer program about the subject of 

forces was developed containing hints for the various different episodes of 

problem-solving. A study was undertaken with a group taking part in the 

experiment (n = 11) who used both their textbook and the computer program, and 

a control group (n = 25) who used their textbook only. 

There was evidence to show that the pupils from the group taking part in 

the experiment did achieve higher results in solving problems. Exploration and 

planning were improved but evaluation was not. It appeared that pupils involved 

in the experiment made better use of their declarative knowledge in solving 

problems than pupils from the control group. 

 

4.1 Introduction 

 

Learning how to solve physics problems is an important aim in secondary 

education in the Netherlands. Pupils, however, find significant difficulties with 

this approach, either possessing too little specialized knowledge (declarative 

knowledge) or not being able to carry out the standard solution procedures 

(procedural knowledge) necessary to apply their knowledge in standard situations, 

such as using the formula velocity = distance / time in a question in which both 

distance and time are given (for example, De Jong, 1986). 

From the results of the experiments with novice chess players and experts 

carried out by De Groot (1965), followed by experiments with physics experts and 

                                                 
2
 This chapter is based on Pol, H., Harskamp, E., Suhre, C. (2005). The solving of physics problems: 

computer assisted instruction. International Journal of Science Education, 27, 451-469. 
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novices (for example, Chi et al. 1981), it has become clear that the quality and 

organization of declarative and procedural knowledge in the mind is an important 

explanation of the difference between the performance of expert problem-solvers 

and novices. The expert processes larger and richer chunks of information than the 

novice, and analyses the coherence of the concepts and procedures that may be 

relevant to the solution of the problem in a much better way. 

It is probable that other aspects besides the quality and the organization of 

the declarative and procedural knowledge also play an important role in a correct 

problem- solving strategy for physics problems. Van Streun (2000) and Boekaerts 

(1997) define problem-solving strategy as the different solving methods or 

cognitive strategies available to, and mastered by, the problem-solver. These 

solving methods make knowledge available. The solution procedures must be 

brought into action by a pupil in order to activate knowledge and apply it. Meta-

cognition is the term used for the conscious control, self-regulation and monitoring 

of the solution process within this framework. 

Research into solving physics problems by pupils was carried out by De 

Jong (1986). He distinguished, as do many cognitive psychologists, the following 

aspects of knowledge necessary for solving problems: declarative knowledge, 

procedural knowledge and strategic knowledge. Strategic knowledge refers to the 

ability to use solution methods in relatively new situations. Consider, for example, 

the problem where two runners start at different times and the pupil must 

calculate at what distance from the finish the last runner catches up with the first. 

This is a nonstandard problem for which the pupil must analyse the situation and 

apply his/her declarative and procedural knowledge of velocity. Researchers 

agree about the importance of these aspects for solving problems (see Catrambone 

1998, Heller & Reif 1984, Sherin 2001). Each of these aspects of knowledge can be 

lacking in a pupil, causing blockages and failure of the solution process. Research 

into how science problems are solved shows that experts see the relationship 

between the problem, on the one hand, and the knowledge to be used, on the 

other, much more quickly because of their better organization of knowledge. 

Moreover, experts spend relatively more time on analysing a problem. In 

describing a solution procedure they emphasize the necessary steps for achieving a 

correct solution (‘analyse and understand the problem from the point of view of 

your knowledge’). Novices often spend less time on analysing the problem and 
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will very often choose a solution method straightaway, which may turn out to be 

only partly applicable or not applicable at all. 

Not all pupils experience these bottlenecks to the same extent. Nevertheless, 

pupils often have problems with physics or mathematics tasks that ask for an 

analysis of the problem situation and the application of the knowledge of 

mathematics taught (Harskamp, Suhre & Van Streun, 2000). Therefore, a system 

that supports problem-solving by novices but at the same time gives enough room 

for the development of an individual solving strategy is required. Problem 

situations are so varied that a fixed procedure for the solution of tasks is neither 

sufficiently concrete nor applicable. Pupils need to develop a solution strategy that 

will allow them to combine their analysis of a situation with the knowledge they 

possess in every different problem situation. The basis for a great deal of research 

into solving problems can be found in the work of Polya (1945) and Newell and 

Simon (1972). Schoenfeld (1992) followed up their research studying how 

secondary school pupils solved mathematics problems. He distinguished five 

cyclical episodes: 

• survey the problem (read, analyse)  

• activate knowledge (explore) 

• make a plan (plan) 

• carry out the plan (implement), and 

• check the answer (verify). 

The question to be answered is in which episode pupils experience a 

problem in the solution process: in the first episodes, involving analysing the 

problem and considering which goal to achieve (see Catrambone 1998, Heller & 

Reif 1984), or in the self-regulation and the use of a systematic strategy involving 

all episodes (see Schoenfeld 1992). Various researchers (including Maccini, 

McNaughton & Ruhl, 1999; Van Streun 1989) have pointed out that strategic 

knowledge about how to solve a problem (knowledge of the use of episodes) needs 

to be linked to the content of a subject. 

 Schoenfeld (1992), as well as Maccini et al. (1999), showed that pupils need 

to learn how to analyse what they see as complex applied problems using informal 

solution methods and to follow this by solving these problems with informal or 

formal solution methods. Some informal methods mentioned by researchers are 

making plans, making tables, working with graphs or using a simple calculated 
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example. These methods are often used successfully in the analysis of a problem. 

Formal methods, such as the application of a formula, an equation or a theoretical 

argument can also very often lead to the correct solution of a problem. It is 

important that both types of solution methods are available to the pupil. The use 

and consolidation of declarative knowledge already available is one of the main 

methods for a successful solution of applied tasks. The other is to learn to apply 

the episodes systematically. 

 

4.2 The development of the computer program 

 

Reif (1995) and others have concluded that instruction in the use of different 

episodes in finding a solution for applied physics tasks can improve the problem-

solving strategies. Instruction can be carried out in different ways, such as showing 

the pupil the episodes step by step and giving the pupil appropriate instructions 

for each episode (direct instruction), or giving help during each episode only when 

asked for by the pupil (indirect instruction). Recent studies of direct instruction 

involved the use of self-explanations by pupils when studying examples. Conati 

and VanLehn (2000), for instance, reported on a study of Newtonian physics 

education with the help of ANDES - a computer tutor that coaches self-explanation 

when pupils follow the solution of example problems. 

 The method of indirect instruction has been chosen for this research project. 

The conclusions and ideas of Schoenfeld (1992) about the episodes in the problem-

solving process and the indirect hints pupils need have been followed. A program 

has been developed in the Netherlands for the solution of applied mathematics 

problems according to the episodes identified by Schoenfeld. The computer 

program Wiskhint displays a task that pupils may answer either directly or by 

using the help provided first. Help is offered systematically according to the 

episodes: survey (read, analyse), tools (explore), procedure (plan). After giving an 

answer, pupils are given the opportunity to check their procedure and reflect on it 

(verify). The program has been researched and validated. The results showed that 

after the use of hints for the different kinds of stages (see Harskamp & Suhre, 2002) 

pupils perform better on a problem-solving test than pupils from a control group. 

The program is intended for pupils in secondary school. 
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The program Physhint was developed using a similar pattern to that for the 

mathematics program (Harskamp & Suhre, 2002) to support the teaching of self-

regulated learning of physics tasks. This program guides pupils in learning the 

strategic way to answer tasks. A pilot study was carried out among a group of 

eight 17-year-old pupils to acquire information on the solution strategies that they 

used, and what help they needed, in carrying out 80 tasks on the subject of forces. 

Cards were made for each task: one card with the task itself, different cards with 

different hints for each episode and cards with model answers for use after the task 

had been completed. A short description of the episode of the solution process for 

which the hint can be used was given on the back of the hint cards. The system was 

in fact a paper version of the program Physhint. Pupils worked out tasks by turning 

over cards when needed. The teacher only gave help when the hints on the cards 

were not sufficient for the pupil to finish the task. The process of working out the 

task (use of the various episodes, use of hints per episode, time take) was recorded 

by video. It was decided on the basis of this preliminary investigation that hints 

from the different episodes could be useful in answering the tasks, and which hints 

needed to be added.  

Tasks, hints and model answers based on the first results of the preliminary 

research have been included in the Physhint program. The program runs on a web-

server computer. Once pupils have an account via the Internet they can work with 

the Physhint program running on the server. The pupil guides his own learning 

process when using Physhint. Figure 4.1 shows a screenshot of a task presented in 

Physhint. The text of the task is on the left-hand side of the screen and the hints for 

the solution of the task grouped in Survey (Schoenfeld’s episodes: ‘read’ and 

‘analyse’), Tools (‘explore’) and Plan (‘plan’) are on the right. Pupils are given the 

opportunity to check their solution plan and reflect (‘verify’) on it after giving their 

answer. They are given a total of three chances to find the right answer and are 

allowed to use the hints as long as they are trying to find a solution. Before the 

program is used, a lesson is devoted to explaining the best way of using the hints 

for each episode and the solution methods, both formal as well as informal. Help 

given in the ‘Survey’ episode is concerned with the problem situation, usually with 

the use of informal methods such as a draft plan, table or a simple calculated 

example. ‘Tools’ provides a pupil with a choice of knowledge that he/she will 

need to finish the task and when a correct choice is made, further elaboration of the 
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concepts underlying this knowledge. ‘Plan’ provides hints for different ways of 

finishing the task and assisting the pupil towards the solution. Pupils can choose 

from different solution methods for almost all tasks. 

 

 
Figure 4.1: Task in the Physhint program 

 

After giving the final answer, the pupils are given the opportunity to choose 

from some completely worked-out solutions (‘Model answers’). Here they may 

pick a worked-out solution that corresponds to their preferred solution method; 

for example, an informal solution method (table, calculated example, etc.) or a 

formal solution method (use of a formula, algebraic equation, etc.). This stimulates 

reflection on the solution process. Earlier research into applied mathematics tasks 

for pupils showed that the help of Plan and Model in particular improved the 

strategic way of working (see Harskamp & Suhre, 2002). The greatest effect was 

found in the improvement in the analysis of problems, but an improvement was 

also found in the use of mathematical knowledge and the control of the answers. 

With Physhint it is possible to check the use of hints and the ability of pupils to find 

a solution for a problem. The program records all steps of the pupils and saves this 

information in a log file. 

The research questions to be answered in this paper are as follows: 

1. Does the use of the program Physhint lead to an improvement in solving 

applied tasks about forces? Does using the program lead to an improvement 
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in problem-solving ability? Working through the tasks may in itself have a 

positive effect on the way pupils solve problems. This question can, 

therefore, be answered by comparing the results in a problem-solving test 

achieved by pupils who use the program with those who only make use of 

their textbook. 

2. Can the use of hints for the different episodes in the problem-solving 

process explain the possible effect of the program Physhint? The question 

here is whether there is a relationship between the systematic use of hints 

and solving the tasks correctly. The log file in the program allows the 

relationship between the frequency and the sequence of the used hints on 

the one hand, and the correct answering of the tasks within the program on 

the other to be found. Moreover, the relationship between the use of hints 

and the results of the problem-solving post-test can be found.  

 

4.3 Methodology 

 

4.3.1 Sample survey 

A group of 16-year-old pupils was selected from two physics classes at a school 

with average physics examination results. Most of the pupils in this school have a 

home Internet connection, but a fast Internet connection (cable or ADSL) is needed 

for the use of Physhint. Selection was made on the basis of the availability of a fast 

Internet connection at home. A quasi-experiment procedure was used with pupils 

being assigned to the research conditions dependent on the possession of a fast 

Internet connection rather than at random. Initially the group taking part in the 

experiment numbered 13 pupils and the control group numbered 38. The 

experiment was carried out shortly before the summer holidays. At the end of the 

school year, 14 pupils dropped out because they knew they would not pass. 

Because of this the group taking part in the experiment dropped to 11 pupils and 

the control group to 26. The dropout of pupils was random, with the percentage of 

dropouts in both groups not differing significantly (chi-square = 1.3, degrees of 

freedom = 1, p = 0.26). 

 

4.3.2 Procedure 

Pupils in both groups were taught the subject of ‘Forces’ using the same chapter in 

the same textbook. All pupils were offered the same 80 tasks to assist them in 
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processing the information from the chapter. These tasks were all taken from the 

textbook Systematic Physics (Middelink et al. 1998). Pupils involved in the 

experiment were given the tasks using Physhint. These pupils could therefore make 

use of the help that is available with every task. Help consists of hints for episodes 

- analysis of the problem, the use of physics knowledge (tools, such as a relevant 

formula) and plan (e.g. a hint about a formula or a heuristic with which it is 

possible to finish the task). After answering (correctly or incorrectly) it was 

possible for the pupil to check the solution. The pupils in the control group only 

had the textbook and the solutions as resources. All pupils worked out the tasks 

independently and put their solutions in writing. 

All pupils completed the pre-test and the post-test. The pre-test measured 

the ability to find solutions systematically to applied physics problems. The levels 

of problem analysis, solution and control of the task were assessed. The post-test 

measured the knowledge of the subject of Forces and the ability to find solutions 

systematically to applied problems about forces. 

The following data were collected during the experiment: 

 

1. From the pupils of the group taking part in the experiment: data were 

collected in a log file stored on the server on which the program Physhint 

was running about the use of episodes and hints during the solution 

process. All tasks, hints and solutions were incorporated as different files, 

which could be accessed by the pupil. Every time a pupil clicked and 

accessed a task, a hint or a model, this action was logged on the server 

computer together with the identity of the pupil and the time of the action. 

Input from a correct or incorrect answer was also logged in this way. 

2. From all pupils: the starting level and the end level of the ability to find a 

systematic solution for applied tasks using a pre-test and a post-test. These 

data were checked to see whether there was an increase in the ability to find 

solutions. Finally, a knowledge test was taken at the end of the experiment. 

Six tasks about problem-solving were used as a pre-test. All tasks had time 

and distance as their subject. Pupils had been taught the necessary 

knowledge during the past two years. The subjects were: 

• calculation of the range of an aeroplane using velocities and flying time 

• calculation of reduction in speed 
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• calculation of the bouncing height of a ball 

• calculation of a meeting point using velocities, and 

• calculation of a meeting time using velocities. 

The 16-year-old pupils should have been able to find solutions to these tasks 

that described more or less realistic problem situations. The tasks were not 

standard and cannot be found in physics textbooks. See Figure 4.2 for examples of 

the tasks. To find a solution for the tasks it is necessary to carefully read the task 

and to perform the other episodes of the solution process. 

 

 
Figure 4.2: Two items from the problem - solving pre - test 

 

The problem-solving post-test consisted of five tasks in which knowledge about 

forces had to be applied. The subjects of the tasks were as follows. 

• Resultant and composite forces. 

• Newton’s first and second laws. 

• Torque. 

Figure 4.3 shows examples of the tasks. To evaluate the quality of the 

problem-solving process, pupils were asked to write down their way of surveying 

the task, the plan they executed and, finally, how they verified and evaluated their 

answer. At the beginning of each test an example of an easy task was given. Pupils 

could be given a maximum of 2 points for the survey, 6 points for making and 

executing a plan, and 2 points for checking the solution for each task. This gave a 

maximum of 60 points for the problem-solving pre-test and 50 points for the 

problem-solving post-test. 

 

Task 2 Crossing dog 

A moped rider sees a dog crossing 10 m in front of him. The moped rider has a reaction time of 

0.60 s. The velocity of the moped is 25 km/h. 

 

Question: Calculate the deceleration, in m/s
2

, of the moped necessary to avoid hitting the dog.  

 

Task 5 Sailing race 

Jim and Anna are competing in a sailing race. After the starting signal Jim is the first to pass the 

starting point. Anna has a poor start and passes the starting point 3 minutes after Jim. However, 

Anna's boat is quicker. Her boat travels at 23 km/hour, Jim's boat only at 19 km/hour. 

 

Question: How many minutes later will Anna pass Jim? 
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Task 1 Weights on a cord 

 

A weight G hangs from a cord of length 1.00 m. The rope 

is pulled to one side with a weight of 0.50 N. Because of 

this the cord moves out through a 35
0 
angle. 

 

Question:  Calculate the weight G. 

 

Task 3 Blocks and a pulley 

 

A pulley turns without friction. A rope is connected 

between A and B. The mass of A is 3.0 kg and the mass of 

B is 2.0 kg. A maximum friction force of 2.0 N acts 

horizontally at A. 

 

Question:  Calculate the tension in the rope when A 

is released. 

 

Figure 4.3: Two items from the problem - solving post - test 

 

The knowledge post-test consisted of 10 items, of which the subjects were as 

follows: 

• Resultant and composite forces (vectors). 

• Newton’s first and second laws. 

• Torque. 

 

See Figure 4.4 for examples of the tasks. Pupils could be given 3 points for every 

question, making a total of 30 points for the test. 

 

 
Figure 4.4: Two items from the knowledge post - test about forces 

 

Table 4.1 presents the results of a survey of the reliability of the tests 

expressed in terms of internal consistency, Cronbach’s alpha. 

Task 1.   

The figure shows a block with two forces acting on  

it. Draw a diagram showing the resulting force  

acting on the block.   

 

Task 5.  

An Ariane 5 rocket is launched with an acceleration of 12 m/s
2
. The mass of this rocket is 

7.1x10
5
 kg. Calculate the force required. 

 

 

35o 

1.00 m 

G

K 

0.50 N 
G 

 A 

 B 
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The reliability (internal consistency) of the problem-solving pre-test as 

shown by Cronbach’s alpha is 0.76, and that for the post-test alpha is 0.69. The 

correlation between both tests is r = 0.48. The overall reliability is sufficient to be 

able to say something about the differences in the test scores between the groups of 

pupils. The knowledge post-test is not sufficiently reliable. The internal 

consistency as shown by Cronbach’s alpha is 0.56. Correlation between the 

knowledge post-test and the problem-solving post-test is r = 0.49, while correlation 

between the knowledge post-test and the problem-solving pre-test is r = 0.52. 

Although the knowledge post-test is not reliable, there is significant correlation 

with both problem-solving tests. This indicates that the knowledge post-test 

possesses some validity. The restrictions of the knowledge post-test will be 

considered in the analysis.  

 

Table 4.1: Reliability of the tests 

Part Coefficient alpha 

Problem - solving pre – test 0.76 

Problem - solving post – test 0.69 

Knowledge post - test forces 0.56 

 

4.3.3 Analysis 

Descriptive techniques are used to describe the data on the use of hints and the 

results of the tests (content analysis on usage patterns of hints, frequency 

distribution of the use of hints, averages and standard deviations of the test results 

of both research groups, etc.). 

 The effect of Physhint on the post-test problem-solving is tested using 

covariance analysis. The independent variables are the two conditions and the 

dependent variables are the pupils’ results on the problem-solving post-test on 

solving applied problems about forces. The covariable is the problem-solving pre-

test on solving applied problems. A possible effect of the differences in conditions 

on the knowledge post-test is also studied using analysis of the variance. 

Furthermore, the possible connection between using hints and solving the 

problems in Physhint is studied using correlation analysis. 
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4.4 Research results 

 

4.4.1 Implementation of the lessons 

Both groups received 14 lessons of 45 minutes in which class teaching, practical 

work and demonstrations were alternated with independent work. Class teaching 

and practical work were the same for both the group taking part in the experiment 

and the control group. These activities were carried out together. Figure 4.5 

summarizes the teaching scheme followed. 

During independent work, the control group worked in the classroom using 

the tasks in the textbook. The control group could check answers and theory with 

the help of the answer book available to every pupil. The group taking part in the 

experiment carried out the tasks using Physhint and could make use of the different 

types of hints in the program. 

All pupils were given a total of 80 tasks (Figure 4.5). Both the control group 

and the group taking part in the experiment were supervised while carrying out 

the tasks. The teacher provided no extra help, other than telling pupils on which 

page to look in the textbook for further explanation or asking them to finish their 

tasks. Tasks covered all the subjects given in the lesson summary (Figure 4.5). The 

tasks included both open questions and multiple-choice questions and varied from 

easy fill-in-the-answer exercises (e.g. Task 3 and Task 34 in Figure 4.6) to 

complicated problem-solving questions (e.g., task 21). 

 

4.4.2 Use of Physhint by the group taking part in the experiment 

After logging in, the pupils were given an overview of the tasks to be carried out. 

Clicking on a task called up the task to the screen, including a choice menu 

containing hints. Pupils could either choose to look at a hint or answer the question 

directly. Submitted answers were checked by the program. A pupil could submit 

an answer no more than three times but could click on hints as many times as 

necessary. When a pupil had answered correctly or when a wrong answer was 

given three times in succession, a choice menu appeared with one of several 

solutions that could also be accessed by the pupil. One task will be used to 

illustrate the actions of the group taking part in the experiment. The task is shown 

in Figure 4.7. 
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Lesson Content of the lesson Subject content 

1 Instruction 

(whole lesson) 

Tasks: 1 - 4 

Explanation of the principle of superposition 

� Vector versus scalar 

� Composing forces, goniometry and construction 

2 Instruction (15 min.) 

Independent working 

Tasks: 5 - 17 

Explanation of: 

� Resolving forces in rectangular components 

� Resolving forces in other components 

3 Independent working 

Tasks: 18 - 21 

 

4 Instruction and demo 

(15 min.) 

Independent working 

Tasks: 22 - 25 

Explanation of: 

� Newton's first law 

Demonstration: Cart on an air track 

5 Instruction (5 min.) 

Independent working 

Tasks: 26 - 32 

Explanation of: 

� Newton's second law 

6 Demonstration and 

Practical work 

(whole lesson) 

Tasks: - 

Demonstration: Computer measurement table: Acceleration of a 

car by a small weight. 

Practical work: Carrying out measurements at the table in 

groups. 

7 Independent working 

Tasks: 33 - 41 

 

8 Instruction (10 min.) 

Independent working 

Tasks: 42 - 51 

Explanation of: 

� Centre of gravity of an object and torque 

9 Independent working 

Tasks: 52 - 64 

 

10 Working out tasks as a 

class (whole lesson) 

Tasks: - 

4 Tasks about torques were presented. Pupils given time to 

work out the tasks. Check and reflection within the group 

afterwards.  

11 Instruction (10 min.) 

Independent working 

Tasks: 65 - 72 

Explanation: 

� Check and reflection on problem 4 from lesson 10 

12 Practical work 

(whole lesson) 

Tasks: - 

Practical work: working in groups of 3 - 4 pupils on torque. 

Different situations to be calculated and measured. 

13 Independent working 

Tasks: 73 - 80 

 

14 Instruction 

(whole lesson) 

Tasks: - 

Explanation of: 

� Fixed pulley versus loose pulley 

� Calculation of forces at a turning point 

Figure 4.5: Summary of the lessons 
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Two forces acting on an object (task 3) 

Two forces of 30 N and 40 N respectively are acting on an object. They apply at the same point 

on the object. 

Question: Calculate the size of the resultant force if you know that the angle between the forces 

is 90
o
 

Forces on the moon (task 34) 

Gravity on the surface of the moon is about one - sixth of the value of gravity on the surface of 

the earth. An object is placed on a spring balance. 

Question: Where will the spring balance stretch the most? 

1. On earth 

2. On the moon 

3. There will be no difference between the moon and the earth 

Weight on a rope (task 21) 

The figure shows a rope with a weight of 50 N 

attached in the middle. 

Question: Calculate the maximum value of the angle α 

if you know that the rope will break when the tension is 

greater than 120 N. 

 

Figure 4.6: Some examples of the tasks carried out by the pupils 

 

 

Task 39:  Hints 

Forces in a cord 

 Survey 

Refer to the diagram for    Calculate which mass first? (1-1) 

this question.   Graphical (1-2) 

The mass of the cords  

can be ignored when  Tools   

compared with the mass  Forces? (2-1) 

of blocks A and B  Tension in a cord (2-2) 

 

Calculate the normal  Plan 

force acting on B.   Plan (3-1) 

  

Figure 4.7: Task 39 in Physhint 

 

 

1.0 kg 

4.0 kg 

6.0 kg 

A 

B 

suspension 

50 N 

α α 
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The question is given on the left and the menu with the underlined hints on 

the right. In this instance, pupils can choose from two hints concerning Survey 

(hint 1-1 and hint 1-2), two hints concerning Tools (hint 2-1 and hint 2-2) and one 

hint concerning Plan (hint 3-1). The different hints for task 39 are shown in 

Figure 4.8. 

Figure 4.8: Hints for task 39 in Physhint 

 

Table 4.2 presents the results of the pupils’ actions. The number of the hint 

is given. ‘Correct’ means that the pupil answered correctly, ‘Wrong’ means that the 

pupil gave an incorrect answer, and ‘/’ means that the pupil exited the program 

and continued later. The numbers 4-1 and 4-2 stand for the two Model solutions 

the pupils could choose after answering the task correctly or three times 

incorrectly. 

Most pupils used all the hints given in this task. More than one-half started 

by looking at Survey, followed by Tools and then Plan, but some pupils opted for a 

different sequence of hints. A good example of the use of hints is shown by pupil 3. 

In the first instance this pupil did not succeed. He slept on it for a night, studied 

the hints for a second time again giving an incorrect answer, but eventually arrived 

at the correct answer. Seven of the 11 pupils eventually gave a correct answer to 

this task, all of them after studying the hints. Possible tendencies with respect to 

solving a problem correctly and the use of hints will be discussed later. 

Survey 

Calculate which mass first? (1-1) 

Hint: Because the system is fixed and will not move, the Fres on A and B is 0 N. The 

force acting on A can be calculated first.  

Graphical  (1-2) 

Hint: Copy the figure and draw the forces acting on A and B. 

 

Tools 

Forces?  (2-1) 

Hint: Gravity and the force in the cord (tension) must be acting on the weights, and 

there may also be a normal force.    

Tension in a cord (2-2) 

Hint: The tension throughout the cord is constant.  

 

Plan 

Solution plan  (3-1) 

Hint: Copy the figure and draw the forces acting on A and B.  

The block upon which only gravity and the tension of the cord are acting can be 

considered first.   
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Table 4.2: Solving procedure used by the pupils for task 39 

Pupil Procedure 

1 1 - 1, 1 - 2, 2 - 1, 2 - 2, 3 - 1, Correct 

2 1 - 1, 1 - 2, 2 - 1, 2 - 2, 3 - 1, Wrong, 2 - 1, 1 - 2, Correct 

3 1 - 1, 1 - 2, 2 - 1, 2 - 2, Wrong, 3 - 1, / 1 - 1, 1 - 2, 2 - 1, 2 - 2, 3 - 1, 1 - 1, 1 - 2, Wrong, Correct 

4 1 - 1, 1 - 2, 2 - 1, 2 - 2, 3 - 1, Wrong, Wrong, Wrong, 4 - 2 

5 Wrong, / 3 - 1, 3 - 1, 1 - 1, 2 - 2, 2 - 1, 1 - 2, Wrong, Correct 

6 2 - 1, 3 - 1, 1 - 1, 2 - 2, 1 - 2, Correct 

7 1 - 1, 1 - 2, 2 - 1, 2 - 2, 3 - 1, Wrong, Wrong, Wrong, 4 - 1, 4 - 2 

8 2 - 1, 2 - 2, 1 - 2, 1 - 2, 1 - 1, 3 - 1, / 1 - 1, Correct 

9 Pupil did not carry out the task 

10 Wrong, 1 - 1, 1 - 2, 2 - 1, 2 - 2, 3 - 1, Wrong, Wrong, 4 - 1 

11 1 - 1, 1 - 2, 2 - 1, 2 - 2, 3 - 1, Correct 

Note: ‘Correct’, pupil answered correctly; ‘Wrong’, pupil gave an incorrect answer; ‘/’, pupil exited 

the program and continued later. 4-1 and 4-2 stand for the two Model solutions the pupils could 

choose after answering the task correctly or three times incorrectly. 

 

As already shown, a log file containing all the pupils’ actions within 

Physhint was kept for every pupil in the group taking part in the experiment. A 

general impression of the use of help in solving the problems is given first. The 11 

pupils in the experiment attempted on average 66 of the 80 questions (83% of the 

tasks). Of these, an average of 54 tasks were solved correctly, 21 of which required 

the use of help and 33 were solved without help. An average of 12 of the tasks 

attempted were not solved correctly, eight of these with the use of help and four 

without help. 

Each pupil attempted 66 of the 80 tasks on average, but only asked for help 

for 29 tasks. This means that the pupils did not always use the hints, even if they 

were not able to find a solution for a problem. This may mean that Physhint still 

does not contain sufficient effective hints to help every pupil to find a correct 

solution, but it can also be because Physhint contains some problems that are very 

similar to each other with only small differences between them. The second time a 

pupil attempts such a problem, he/she recognizes the hints and does not check 

them anymore. A more detailed survey of the various kinds of help from Physhint 

used by the pupils is presented in Table 4.3.  
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Table 4.3: Use of hints as percentages of the number of tasks carried out 

Pupil Number of 

tasks carried 

out 

Correct 

(%) 

Survey used 

(%) 

Tools used 

(%) 

Plan used  

(%) 

Model 

Used  

(%) 

1 61 92 25 41 43 11 

2 63 86 33 40 43 37 

3 74 82 39 43 53 32 

4 79 78 22 35 29 44 

5 75 80 5 8 8 19 

6 62 73 19 26 24 23 

7 80 75 15 11 13 30 

8 80 88 19 26 20 28 

9 24 92 33 46 33 4 

10 63 70 17 25 22 52 

11 65 85 46 57 49 71 

Mean 66 82 25 33 31 32 

 

Table 4.3 shows many differences among pupils with respect to their use of 

help. Pupils 6 and 10 used little help and scored lower than the average 

percentage. Pupils 1, 2, 9 and 11 used a lot of hints and scored above average. Does 

this indicate that more use of hints leads to a greater number of correct solutions? 

The Pearson correlation is used to explore the relationship between the use of hints 

and the correct answering of tasks. 

 

Table 4.4: Relations between percentage of tasks answered correctly and the use of the different 

kinds of help 

Pearson Correlation between 

 (n = 11) 

% use of survey % use of  

tools 

% use of  

plan 

% use of  

model 

% correctly answered 0.46 0.56 0.48 -0.39 

 

Table 4.4 shows the tendency that pupils answered more tasks correctly 

when they used the different forms of help. There is very little difference in the 

relationship between the different types of hints to the percentage of correct 

answers. Only the use of Model correlates negatively to the correct answers. This 

might be explained by the fact that pupils, once they have given a correct answer, 

no longer bothered to look at the model answer. See for instance task 39 in 

Table 4.2. 
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4.4.3 Use of tasks by the control group 

The pupils in the control group were given the same tasks as those in the group 

taking part in the experiment. During independent work, this group worked on 

the solution of the tasks in class under the supervision of the teacher. On average 

pupils attempted 80% of the questions. Pupils could use the textbooks with the 

tasks and the answer books with the various answer methods. 

 Compared with the group taking part in the experiment, the control group 

received the following material and instruction: 

• Instructions, demonstrations and practical work (the same as the group 

taking part in the experiment) 

• textbook with tasks (the same tasks as given to the group taking part in the 

experiment) 

• answer book with answers and solutions to the tasks, and 

• the teacher’s help in doing the tasks (if asked for by the pupils). 

At their request, pupils were given individual attention by the teacher. He sat at 

his desk and walked around the classroom regularly in order to give pupils an 

opportunity to ask questions. When it became clear that a particular question 

posed a problem for many of the pupils, this question was explained on the 

blackboard to the whole class. Simple questions were answered immediately by 

the teacher. Further explanation of a complete task was carried out through the 

interaction method. The task was first specified on the blackboard. Then the pupil, 

in the case of individual help, or everybody when the problem was being dealt 

with on the blackboard, was invited to answer sub questions on the problem. The 

discussion between pupils and teacher about these sub questions served to 

increase insight into the complete task. Explanation was always concluded with 

the correct answer to the problem and an explanation of the different solution 

methods. 

 Help by the teacher had the aim of helping the pupil to find a solution to a 

task. This means that the teacher asked the pupil to say at which point he had 

stopped, and the teacher explained the next step of the solution. 

 

4.4.4. Pupils’ test scores and differences between both groups 

Does the computer program Physhint improve pupils’ knowledge of physics and 

problem-solving behaviour significantly? Before this question can be answered the 
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pupils’ pre-test scores must first be studied, since the pre-test scores provide 

information on the comparability of the research groups. Table 4.5 presents the 

descriptive data on the averages of the two research groups.  

 

Table 4.5: Pupils' test scores: means and standard deviations  

 Group in the experiment Control group Total 

 Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 

Pre – test       

Problem-solving (0 - 60) 30.0 11.2 28.6 10.4 29.0 10.5 

Post – test       

Knowledge (0 - 30) 14.1 3.4  13.0 3.6  13.3 3.5  

Problem-solving (0 - 50) 22.7 4.6 16.1 7.4 18.1 7.3 

 

The pupils scored about one-half of the 60 points available on the pre-test. 

As can be seen, there are minimal differences between the means of both groups. 

These differences are statistically insignificant (F = 0.13, p = 0.71). Therefore, it may 

be concluded that the two groups did not differ in their ability to solve applied 

physics problems prior to the experiment.  

To what extent did the groups differ from each other after the experiment? 

The differences in knowledge between both groups with respect to the subject of 

Forces will be discussed first. The knowledge test covered three major aspects of 

the subject matter (see earlier): resultant and composite forces, Newton’s first and 

second law of forces, and torque. An improvement in knowledge was not explicitly 

expected because the program focuses mainly on improving problem-solving 

skills. Nevertheless, the hints given in the various episodes are aimed at providing 

extra support in practising subject knowledge and the tasks in the program 

Physhint are from the textbook. The tasks were the same as those given to the 

pupils in the control group, but Physhint gives extra subject-related hints and 

shows different ways of solving the 

tasks. 

 As can be seen in Table 4.5, the group differences are small but they are in 

favour of the group taking part in the experiment. A covariance analysis was 

carried out to resolve the question of whether the observed difference is 

significant. In this analysis the effect of the experimental treatment on pupils’ post-

test scores was evaluated using the pupils’ pre-test scores as a covariate. Before 
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carrying out the analysis it was ascertained that there was no evidence for an 

interaction effect of condition x problem-solving pre-test on the knowledge test. 

The small difference between the two groups proved to be not significant (F = 0.63, 

p = 0.43). This result means that the pupils’ use of hints in the program did not 

make very much improvement to the knowledge they had already gained from the 

textbook. The impact of the program apparently did not lead to a further increase 

in knowledge in comparison with the control group supervised by the teacher. 

 Next, a check was made to see whether there were any differences between 

both groups in problem-solving with respect to the post-test. As can be seen in 

Table 4.5, pupils in general did not score well on the problem-solving post-test, 

with less than one-half of the maximum of 50 points being achieved on average. 

There seems, however, to be a considerable difference between the average of the 

group taking part in the experiment and the control group. Two analyses were 

carried out to resolve the question of whether the computer program had had an 

effect on pupils’ test scores. In the first analysis, an analysis was carried out to see 

whether there was any evidence for differential improvement in pupils of different 

ability. This was explored by means of an analysis of variance aimed at evaluating 

the significance of an interaction effect of condition x problem-solving pre-test on 

the problem-solving post-test. No such interaction was found. Then, an analysis of 

covariance was carried out with only the main effects as independent variables. In 

this analysis the pre-test scores were used as a covariate. This analysis showed that 

the difference between both groups was significant (F = 8.19, p = 0.007). The effect 

size is (22.7–16.1) / 7.4 = 0.89. This means that pupils in the group taking part in 

the experiment scored on average 0.89 standard deviation points higher on the 

problem-solving post-test than did pupils in the control group. 

This is a considerable effect. This observation raised another question. 

Which pupil skills were actually improved? Have pupils improved in surveying 

problems, in making better plans or in verifying their answers? These three 

components within the post-test were differentiated in a further analysis. The 

differences between the groups are marked, as can be seen in Table 4.6. 
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Table 4.6: Differences between the groups on the different parts of the post - test 

 Part of the test  Group Mean Std. deviation 

 

 Analyse  In experiment 7.5 1.6 

  Control 5.5 2.5 

 Plan  In experiment 12.9 3.4 

  Control 8.7 4.0 

 Verify  In experiment 2.4 1.1 

  Control 2.0 1.9 

 

t-tests were used to check whether there were differences between the 

groups with respect to analysing, plan-making or verification. As shown in Table 

4.6, the difference in the component Verify is very small and statistically 

insignificant. The difference in the component Analyse is marked (approximately 

one standard deviation point greater than the control group) and significant (t = 

2.3, p = 0.023). The same applies to the component Plan (making a plan and 

executing it) where the difference is again significant (t = 2.6, p = 0.015). The effect 

of Physhint can, therefore, be attributed mainly to improving analysing and 

planning solutions and not to verifying solutions. 

 

4.5 Conclusion and discussion 

 

The first research question was: ‘Does the use of the program Physhint lead to an 

improvement in solving applied tasks about forces?’. A quasi-experimental 

research design using both a group taking part in the experiment and a control 

group was used to evaluate the effect of the Physhint program. The subject content 

was Forces. Groups were established from existing pre-academic classes of 16-

year-old pupils. Both groups were given the same instruction by their teacher, but 

the way in which the pupils dealt further with the subject matter differed. The 

group taking part in the experiment worked out the tasks using the program 

Physhint, whereas the control group dealt with the same tasks using the textbook. 

Possible initial differences between the groups were taken into consideration in the 

analysis of the effects of the program. The variance analysis used to check the 

differences in the problem-solving post-test took possible differences in the 

problem-solving pre-test into consideration. The knowledge post-test consisted of 

applied tasks dealing with the subject of forces in contexts unfamiliar to the pupils. 
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The differences in the problem-solving pre-test were used as covariance in the 

analysis of the results of the knowledge post-test. The analysis shows that pupils 

using Physhint scored significantly higher in the problem-solving post-test. The 

research question can, therefore, be answered affirmatively. However, it is notable 

that no significant difference in the knowledge post-test was found. Apparently, 

pupils show improvement with respect to solving problems about Forces after 

using Physhint without having gained more knowledge about forces, although they 

do make improvements in Plan (making a plan) in which they must apply this 

knowledge. 

The effect of the program may be both motivational and cognitive (see 

Boekaerts, 1997). Pupils working with the program gained more self-confidence 

and therefore probably showed more courage in tackling a problem. The program 

showed them that help can often be found in the same direction that they were 

considering themselves, but the help provided was more detailed and precise than 

their own knowledge. Pupils also learned to work systematically by using the help 

in a certain sequence. This strengthened their problem-solving strategy. This is a 

meta-cognitive skill. However, pupils who worked with Physhint only scored 

higher in the post-test with respect to analysing and making a plan. They did not 

do better than those in the control group with respect to Verify. It could be that 

pupils are not fully aware of the importance of checking their solutions under the 

heading Verify in the test. 

The second research question was: ‘Can the use of hints for the different 

episodes in the problem-solving process explain the possible effect of the Physhint 

program?’. The data available do not allow this question to be answered directly. 

There were only 11 pupils in the group taking part in the experiment. An analysis 

was made using the available data of the way in which help was used during the 

tasks and of the relation between using help and the correct solution of the 

Physhint tasks.  

The pupils did not carry out all the tasks - on average, 66 of the 80 questions 

were completed - and the hints were only used in slightly under one-half of the 

questions attempted. It can therefore be concluded that there was not an intensive 

use made of the help provided. This may be because pupils did not regard all the 

tasks as complex problems so that they were able to attempt one-half of the tasks 
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without help. Pupils did not use help with routine problems that were also in the 

textbook, but they did when the problems were new to them. 

The pupils showed a fairly systematic use of the help offered. Task 39 has 

been given here as an example. Correlation analysis further shows a strong relation 

between the use of help in Survey, Tools and Plan. The frequency of using a certain 

kind of help is related to the frequency of using the other kinds of help. It also 

became clear that the greater the frequency of using help in these three episodes, 

the more likely it was that the correct answer would be given. There are positive 

correlations of approximately 0.50 between the percentage of help used in Survey, 

Tools and Plan, on the one hand, and the percentage of correctly answered 

questions, on the other. These are all positive indicators for the effect of systematic 

use of help from the program. The negative correlation between the Model 

answers and the percentage of questions answered correctly is worthy of note. A 

possible explanation here is that, in general, those pupils who were unable to 

arrive at the correct answer were those who made the most use of the model 

answers. The program, however, is not intended for this. Model answer is 

intended to introduce a moment of reflection on the solution, which may be only 

partly correct, as found by the pupil himself / herself and the solutions given by 

the program. 

It can be concluded that Physhint does not succeed in improving declarative 

and procedural knowledge in pupils (see De Jong, 1986), but strategic knowledge 

does show improvement. This concerns the meta-cognition of a problem-solving 

approach. With hindsight, it is not so surprising that the declarative and 

procedural knowledge of the pupils were not improved because the pupils did not 

use help in nearly one-half of the questions the program provided. These questions 

were similar to those explained in previous instruction lessons, and therefore 

pupils only needed to apply their knowledge routinely. Heller and Reif (1984), 

Catrambone (1998) and Sherin (2001) point out the importance of declarative and 

procedural knowledge as well as strategic knowledge. Pupils who have an 

insufficient level of declarative or procedural knowledge of physics do not possess 

the necessary tools for solving standard problems in physics. Pupils who lack 

strategic knowledge are unable to find an adequate solution plan for problems in 

non-standard situations. 
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This research seems to show that motivation, and the practising of a 

strategic approach in particular, leads to the improvement in problem-solving. 

This is true even when there is only a modest level of declarative and procedural 

knowledge. Pupils, on average, did not score more than one-half of the available 

points on the knowledge post-test. Nevertheless, it is expected that the effect of the 

program will increase significantly if the levels of declarative and procedural 

knowledge are also improved. 

Our research will be continued on a larger scale with a number of changes 

being made in the Physhint program. At present there are several questions for 

which pupils do not require help, so they use the tasks in Physhint in the same way 

as they would when given them in a textbook. It is important to change the 

program and include more applied tasks that will force pupils to use the available 

hints. The program will contain similar tasks to those in the textbook as far as the 

level of declarative and procedural knowledge is concerned, but will differ in that 

the applied questions will be set in a relatively unfamiliar context. Pupils should be 

forced to think about the task (Schoenfeld 1992). In such a situation, pupils must 

learn to solve complex applied science tasks through informal or formal methods. 

Both types of solving methods should be present in the hints, and pupils should 

learn to see the connection between the methods. This will increase their 

knowledge of the subject matter. Furthermore, accessing the Model answers will 

be made obligatory for the pupils. The intention is to make pupils who have given 

a correct answer think about a way of verifying their answer and to give pupils 

who have given an incorrect answer an opportunity to study the correct one with 

the help of the Model answer. 



 95 

CHAPTER FIVE 

 

First indications on how Physhint works3 

 

5.0 Abstract 

 

Many students experience difficulties in solving applied physics problems. Most 

programs that want students to improve problem-solving skills are concerned with 

the development of content knowledge.  

Physhint is an example of a student-controlled computer program that 

supports students in developing their strategic knowledge in combination with 

support at the level of content knowledge. The program allows students to ask for 

hints related to the episodes involved in solving a problem. The main question to 

be answered in this paper is whether the program succeeds in improving strategic 

knowledge by allowing for more effective practice time for the student (practice 

effect) and/or by focusing on the systematic use of the available help (systematic 

hint-use effect). Analysis of qualitative data from an experimental study conducted 

previously show that both the expected effectiveness of practice and the systematic 

use of episode-related hints account for the enhanced problem-solving skills of 

students. 

 

5.1 Introduction 

 

Many students experience difficulties in solving applied physics problems. These 

difficulties can be the result of deficiencies in the different kinds of knowledge 

needed to solve science problems: declarative knowledge (facts and concepts), 

procedural knowledge (how to use these facts and concepts in methods or 

procedures) and strategic knowledge (knowledge needed to organize the process 

of solving new problems) (De Jong & Ferguson-Hessler 1996). The question is what 

kind of knowledge can best be developed to support problem-solving skills, and 

how can these skills be supported effectively? There is discussion about which type 
                                                 
3
 This chapter is based on Pol, H.J., Harskamp, E.G., Suhre C.J.M. & Goedhart, M.J. (2008). The 

Effect of Hints and Model Answers in a Student-Controlled Problem-Solving Program for 
Secondary Physics Education. Journal of Science Education and Technology, 17, 410–425. 

 



 96 

of knowledge to improve first. Moreno (2006) indicates that in the introductory 

stage of a new domain, worked examples with decreasing instruction will be 

effective (fading). However, once students have gained basic content knowledge 

and are asked to apply their knowledge to new problems, worked examples is no 

longer an effective instructional method. Other researchers claim that it is often not 

content knowledge that students lack when they try to solve new problems but 

strategic knowledge (Mathan & Koedinger 2005; Taconis 1995). Strategic 

knowledge allows students to analyse the problem, find relevant content 

knowledge, make a plan and solve the problem (De Jong & Ferguson-Hessler 

1996).  

In the last decade many new computer programs for mathematics or science 

problems have been developed and tested (Aleven et al., 2003). These programs 

aim at different types of knowledge: some focus more on declarative and 

procedural knowledge and others more on strategic knowledge. In this study, we 

describe several types of programs and we discuss why the program we have 

chosen has so much promise. The program we propose makes declarative and 

procedural knowledge available in such a way that it emphasizes the development 

of strategic knowledge. It gives the student a scaffold when solving problems by 

offering declarative and procedural hints within structured episodes. Students are 

free to use the hints and the program does not dictate one way of solving 

problems, thus giving students the possibility to develop their own problem-

solving strategies. We will investigate the way students solve new problems and 

observe their use of hints during the process of problem-solving and, afterwards, 

how they deal with worked examples. We will also attempt to find out how these 

forms of embedded scaffolding instruction improve students’ strategic knowledge.  

 

5.1.1 Types of computer-supported problem-solving programs 

The study by Aleven et al. (2003) reviews how programs that support the learning 

of problem-solving can be designed. Intelligent Tutoring Systems and Computer-

Assisted Instruction are aimed at developing strategic knowledge by providing 

standard solution procedures that can be used to solve certain types of problems. 

In computer-assisted instruction, worked examples are often used for instruction, 

with fading of support during practice on analogous problems. Students receive 

feedback on their answers based on the solution procedures in the worked 
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example. In both intelligent tutoring and computer-assisted instruction students 

are supported before and during problem-solving. Intelligent tutor programs often 

allow for more than one standard solution and estimate from the student’s actions 

which solution path the student seems to be following. However, Aleven et al. 

(2004) indicate that intelligent tutoring programs often fail to induce the intended 

use of extra help by the students.  

 On the other hand, educational hypermedia systems and computer 

simulations aim at developing strategic knowledge that will enable students to 

apply general problem-solving skills to analyse complex problem situations and 

apply their content knowledge of a domain. For novice problem solvers these 

types of programs are often too open and ill-structured. There is little instruction to 

show how problems can be analysed, or solutions planned and executed (Aleven 

et al., 2003).  

In the first group of programs, the system gives instruction. The programs 

decide when to support the student. The last group of programs, as indicated by 

Aleven et al. (2003), give control of the support to the student – they assume the 

skilled student knows when he or she needs help. At first sight, strategic 

knowledge seems best supported by a student- controlled system which allows 

students to work on their own individual solving strategies. However, in 

implementing student-controlled learning environments one needs to consider the 

disadvantages of this form of instruction – students need a certain level of 

declarative knowledge and procedural knowledge to take control of the solving 

process. If the necessary knowledge is not present then the student needs to be 

supported in gaining this knowledge. This may take some form of system control 

because a novice finds it hard to tell what knowledge is needed when working on 

new problems (Clark & Mayer, 2002).   

We assume that a combination of system and student-controlled instruction 

will be the most effective. On the one hand, the student should be able to follow a 

well-structured line of problems using the instruction available, thus preventing 

failure. On the other hand, in order to develop strategic knowledge a program 

needs to be open enough to create space for students to choose their own problem-

solving strategies. An example of using a blend of open tasks on the one hand, and 

supporting students in cases where they cannot work out a problem on the other, 

can be found in the work of the Modeling across the Curriculum project. In this 
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project students work in a modelling environment, but are guided in cases where 

they cannot work out a problem themselves (Buckley, Gobert, Kindfield, et al., 

2004). A blend of student and system-controlled instruction is also proposed by 

some of the proponents of instruction by worked examples. Instruction with 

worked examples is too limited and needs further improvement in order to 

support diverse problem-solving. One way of doing this is by not providing 

worked examples at the beginning of the problem-solving process but offering 

hints during the process (Reif, 1995) and worked examples (model answers) as 

feedback afterwards so that the student can reflect on the solution he has chosen 

(Moreno, 2006). 

The issue for the design of a physics problem-solving program is how this 

blend of student and system control can be shaped into an effective learning 

environment. Although many students to fail to solve physics problems because 

they have too small a basis of declarative knowledge and procedural knowledge, 

the main reason for difficulties in problem-solving seems to be the lack of strategic 

knowledge (inter alia, Taconis 1995). Inexperienced students often spend little time 

on analysing a physics problem, instead choosing a solution method immediately, 

which may turn out to be only partly applicable or not applicable at all (Chi et al., 

1981; Sherin, 2001). This is why the design of problem-solving programs is best 

directed at strengthening the base of strategic knowledge. 

 Schoenfeld (1992) is an important proponent of the approach to problem-

solving where students take the initiative in building up their strategic knowledge. 

He investigated expert and novice problem-solving behaviour and on the basis of 

this research distinguished five ‘episodes’ in the process of problem-solving: 

 

1. survey the problem (read, analyse) 

2. activate student’s prior knowledge (explore) 

3. make a plan (plan) 

4. carry out the plan (implement) 

5. check the answer (verify) 

 

Harskamp and Suhre (2007), for example, have specified how the Schoenfeld 

episodes could be implemented with regard to mathematics. 
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Experts and novices differ in their approach to solving problems. Novices 

almost immediately start work with a poorly defined plan, whereas experts take 

the time to analyse the problem and gather information before making and 

implementing a plan. Schoenfeld (1992) argued that novices need to learn to work 

through the different episodes more effectively and he demonstrated how it was 

possible to teach students to use the episodes through questions and hints. 

An important question is whether all students can be instructed the way 

Schoenfeld suggests regardless of their prior knowledge, or whether students with 

different prior knowledge have to be offered different ‘just-in-time’ instruction. 

Anzai and Yokoyama (1984) and Maccini et al. (1999) indicated that students can 

use and comprehend one hint, and at the same time not understand and thus 

ignore another. For novices in particular, in giving a heuristic hint or instruction 

one needs to clarify how to use this hint in solving the problem. For example, if 

you tell a student to make a drawing of the problem concerned, you need to 

provide first-hand help in drawing techniques. The study of the effect of a 

program on electric circuits by Van Gog, Paas and Merriënboer (2006) with 

procedural and content-related just-in-time instruction should be seen in this light. 

Comparable effects have been found by, for example, Lehrer and Schauble (2000) 

who wanted students to model a situation, and in questioning one situation they 

obtained correct answers, while in a similar situation found that the students went 

completely wrong.   

 

5.1.2 Choice of a program type and question for research 

From the review of literature above one may assume that a student-controlled 

problem-solving program is effective when it contains embedded scaffolding 

instruction that enables students to develop a more systematic approach to 

problem-solving. Moreno (2006) suggests that for most students just-in-time 

instruction during problem-solving may be more effective than instruction by 

worked examples prior to problem-solving. In practice this means that programs 

should contain just-in-time instruction during problem-solving and worked 

examples after the solving process. The embedded instruction and worked 

examples should present the student with a choice of different solution methods. 

The student should be free to choose the help but should be given advice on how 

to use it when providing a wrong answer. In this way the student is offered 
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structured help and feedback without being forced to follow a standardized 

solution procedure. Such an adaptive problem-solving program may improve 

students’ strategic knowledge in solving diverse problems.   

Inspired by Schoenfeld’s episodes (1992), Pol et al. (2005) constructed a web-

based computer program which supports novices when solving physics problems 

on forces. The aim of the program is to enhance the further development of 

problem-solving skills by offering tasks that can be completed with the help of the 

program. The help is structured according to Schoenfeld’s five episodes of 

systematic problem-solving listed above, with our program providing hints for all 

five episodes. The hints show students how applied problems can be analysed and 

allows them to choose between informal and formal solution strategies (Maccini et 

al., 1999).  

Instead of dictating specific solution methods, each episode gives students 

the space to select a hint on the recommended method. The program is based on 

embedded scaffolding instruction with students controlling the learning pace, the 

problems worked on and the hints selected. The rationale is that the best way to 

develop the problem-solving skills of novices is to support them with a system that 

gives sufficient room to develop strategic knowledge that fits their way of learning. 

Students need to acquire a flexible problem-solving strategy to enable them to 

tackle different types of problems (Reif, 1995). 

With regard to the level of the tasks, Joshua and Dupin (1991) have shown 

that the teacher will often find the problems easy to solve, whereas the students are 

quite unable to do so. In fitting the level of the tasks to the prior knowledge of the 

students, one should be conscious of not making the tasks, including the use of 

help, too difficult. At the same time, one should try not to make the level of the 

tasks too easy. Problem-solving can only be learned in a situation where students 

indirectly have all the required information at their disposal, but still need to be 

challenged (see, for example, Van Heuvelen, 1991 a, b). The necessary level of 

complexity of the problems and the hints, that is, neither too complicated nor too 

simple, was tested in an exploratory study by Pol et al. (2005). They showed that 

the program was effective: the students in the experimental group provided with 

hints during problem-solving and model answers afterwards were more 

competent problem solvers on a transfer test than those of the control group. 

Declarative and procedural knowledge about the subject was also measured before 
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and after the experiment. No significant differences were found between the three 

groups. In the study it was hypothesized that the experimental group was able to 

score significantly higher on the transfer test because it developed a more 

systematic approach to problem-solving than the control group. This would mean 

that scaffolded instruction – offering hints during the solving of problems as well 

as offering worked examples afterwards – can have a positive effect on the 

development of strategic knowledge.  

 Our present general research question therefore is: 

 

How does a student-controlled problem-solving program that provides embedded 

scaffolding instruction during problem-solving and afterwards improve students’ 

strategic knowledge?  

 

The next section presents a problem-solving program that offers an ordered 

group of physics problems for students in secondary education. The aim of this 

paper is to analyse how students use the hints in the program and develop their 

strategic knowledge and how this improves their problem-solving skills as 

measured by a problem-solving post-test. 

There may be two ways of achieving more strategic knowledge: 1) by 

practising a large number of problems in a certain domain (Chi et al. 1981) and 2) 

by increasing the systematic use of problem-solving episodes (Schoenfeld, 1992), 

thereby enhancing students’ strategic knowledge. Clark and Mayer (2002) state 

that skill development and expertise are strongly related to time and efficiency of 

deliberate practice. The more a person practices, the better he or she becomes 

regardless of initial talent or skills. One important factor for strategic knowledge 

with respect to practice is that the tasks should not be too complex so that students 

are able to provide many correct answers. This is known as learning for mastery 

(Bloom, 1980). In the present study we wish to discover whether an increase in 

strategic knowledge is brought about by finishing more of the tasks correctly in the 

program (practice effect) and/or by learning to make strategic use of hints and 

problem-solving episodes in the program (systematic hint-use effect).  
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5.2 The Physhint program 

 

Figure 5.1 shows the computer screen as seen by the students. The problem is on 

the left of the screen. The hints menu is on the right. 

 

Figure 5.1: Task 74 from the Physhint computer program (original from Middelink et al. 1998) 

 

The hints are provided under the headings of Survey (Schoenfeld’s 

episodes: ‘read’ and ‘analyse’), Tools (‘explore’) and Plan (‘plan’). After answering, 

students are allowed to check and reflect on their solution (‘verify’). Students are 

given three opportunities to check their solution against the model answer, during 

which time they can continue to consult hints. The hints given for Task 74 are 

shown in Figure 5.2.  

Hints given in the first episode discuss the problem situation, mostly using 

informal methods such as a scheme, table or simple numerical calculation. The 

intention of these hints is not only to give help, but also to demonstrate the 

usefulness of these informal methods and to stimulate their use. However, hints in 

the computer program not only offer common descriptions of a certain action, but 

are almost always linked to a specific domain of declarative and procedural 

knowledge needed for the task. Several researchers have emphasized the need to 

Survey 

   Forces or torque? 

   Drawing: Forces? 

   Drawing: Torque? 

Tools 

   Forces? 

   Torque? 

Plan 

   Forces? 

   Torque? 

Answer(s): 

A plane, having a mass of 48.10
3
 kg, is waiting on the runway (see 

first figure). 

To get an idea about the forces working on the front wheel, we have 

simplified the plane to a balk (see figure below). Assume the middle of 

the balk Z as the center of gravity. 

From task 73 we know the force working on nose wheel B. Calculate 

the force at A working on the balk. 

Answer 

Back 

Forces working on a plane 
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link strategic knowledge to declarative and procedural knowledge, which are 

always domain specific (Maccini et al. 1999; Wood & Wood, 1999).  

 
 

 

Figure 5.2: Hints for Task 74 using the episodes Survey, Tools and Plan 

 

In Tools the student needs to choose which domain-specific declarative and 

procedural knowledge is needed to solve the problem. The use of certain 

definitions is discussed under this menu. Declarative hints are especially important 

because in this phase of the problem-solving process students may need to be led 

away from possibly wrong physical representations of the problem to the correct 

one. Heuristic hints are needed for this guidance, but there can also be a simple 

lack of domain-specific declarative and procedural knowledge.  

If the help offered under the Survey and Tools episodes is insufficient, a hint 

in the Plan episode is called for. Plan hints are focused on the different ways of 

solving the problem and on helping the student when they are about halfway 

Survey 

 Forces or torque? 

Hint: This problem can be solved by looking at the forces working on the plane or at the 

torque working on the plane. In both cases it can be posited that the plane is not 

moving or will not move so that the sum of the torque is zero as well as the sum of the 

forces working on the plane. 

 Drawing: Forces? 

 Make a drawing of all the forces working on the  

plane.  

 Drawing: Torque? 

 Make a drawing of the torque working on the  

plane and the turning point S. 

Tools 

 Forces? 

 The sum of the forces working on the plane is 0 N (in all directions). 

 Torque? 

Independent of the turning point chosen, the sum of the torques working on the plane 

will always be 0 Nm. 

Plan 

 Forces? 

Because the plane is standing still and does not have an acceleration, the sum of the 

forces working on the plane should be 0 N. Gravity and the force working on the nose 

wheel B are already known (from task 73: FB = 5,9.10
4
 N). Make a drawing of the plane, 

including these forces. Look for the missing force. 

 Torque?  

In this case you want to calculate the force working on the balk at A. In the last question 

we had defined point A as the turning point, which makes it impossible to calculate the 

force working on point A. Take another turning point around which the different torques 

are working, (take point B, for example). In this case again the sum of the torques 

should be 0 Nm. 
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through the solution process. Very often students can choose from various solution 

methods. In this case there are two. 

In the program, students can give an answer up to three times, with the 

computer comparing their answer to the correct one. After the last try, students are 

given access to a menu with short descriptions of the model answers. They can 

consult one or more of these. The different model answers may cover informal 

solution methods (table, numerical calculation, etc.) or formal solution methods 

(formula, algebraic equation, etc.). The function of the model answer is to support 

reflection on the solution process. Figure 5.3 gives possible formal solutions for 

Task 74. 

 

Figure 5.3: Model answers for Task 74 

 

5.3 Methodology 

 

Our study of the Physhint program asked the following research questions: firstly, 

in general, how does the Physhint program improve students’ strategic 

knowledge?; and secondly, more specifically, if the program is effective, is this due 

to a practice effect and/or to an effect caused by the students’ systematic use of the 

help (hints)? To find answers, the following methodology was used. 

 

5.3.1 Embedding the computer program in the lesson plan 

One of our starting points is that our computer program should be a natural part 

of typical lessons in physics as taught in Dutch secondary schools. Since the most 

recent curriculum reform in 1998 of upper secondary school (Stuurgroep Tweede 

Fase Voortgezet Onderwijs, 1994), lessons in physics characteristically: 

Model 

 Calculation with forces: 

 The plane is in equilibrium => Σ F = 0 

FZ↓ + FB↑ + FA = 0 

Choose the upwards direction + 

-48.10
3
x9,8 + 5,9.10

4
 + FA = 0 

FA = + 4.10
5
 N 

 

 Calculation with torque: 

 The plane is in equilibrium => Take B as fulcrum => Torque with fulcrum B 

� Σ M = 0 according to B � FZ . BZ - FA . AB = 0  

Fill in the known values: 48.10
3
x9,8x14 - FAx16 = 0  

� FA = + 4.10
5
 N 
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• concentrate on the active and independent role of students 

• accommodate differences among students 

• stimulate students’ thinking skills 

 

In typical school practice there is a combination of brief instruction for the 

whole group, independent work, practical work and discussion of some of the 

completed problems. The lesson plan on the subject of forces can be found in Table 

5.1, which shows the different activities as experienced by students. In Lessons 1–3 

(Tasks 1–21) the topic of vectors is taught, Lessons 4–8 (Tasks 22–51) deal with 

Newton’s laws, and in Lessons 9–14 (Tasks 52–80) the concept of torque is 

introduced and combined with the other two topics. The tasks in the lessons on 

torque are more complicated than the tasks in the lessons on vectors or Newton’s 

laws.  

During independent work, the teacher acts as a mentor and is available to 

answer students’ questions. However, if students do not manage to solve a 

problem themselves, they often prefer to consult the freely available answers in 

their textbook and model answers in the answer book instead of asking the teacher 

for feedback on their solution process – they think they have understood the 

problem and its solution and move on to the next task. 

Physhint can play an important role in the independent work sessions of the 

students. When students are stumped, the program does not directly offer a model 

answer. Students can instead choose from hints with just-in-time instruction, after 

which they can continue the problem-solving process. As the program takes on the 

role of teacher, the student no longer needs to ask a person but can click on a hint 

for the episode that could not be solved without help. 

 

5.3.2 Design of the study 

For this study, a group of 16-year-olds with average exam results was selected 

from two classes at a typical pre-university school in the north of the Netherlands. 

To prevent negative influences on the experiment due to a lack of sufficient 

computer skills, the students were selected on the basis of the availability of a 

broadband internet connection at home. Representation was checked by pre-

testing. 
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Table 5.1: Lesson plan 

Lesson Content of the lesson 

and tasks to be done 

Subject content 

1 Instruction 

(whole lesson) 

Tasks: 1–4 

Explanation of the principle of superposition: 

- Vector versus scalar 

- Composing forces, goniometry and construction 

2 Instruction (15 min.) 

Independent work 

Tasks: 5–17 

Explanation of: 

- Resolving forces in rectangular components 

- Resolving forces in other components 

3 Independent work 

Tasks: 18–21 

 

4 Instruction and demo 

(15 min.) 

Independent work 

Tasks: 22–25 

Explanation of: 

- Newton’s first law 

Demonstration: Cart on an air track 

5 Instruction (5 min.) 

Independent work 

Tasks: 26–32 

Explanation of: 

- Newton’s second law 

 

6 Demo and Practical 

work 

(whole lesson) 

Tasks: - 

Demonstration:  

-       Computer measurement table 

-       Acceleration of a car by a small weight 

Practical work: Carrying out measurements at the table in 

groups. 

7 Independent work 

Tasks: 33–41 

 

8 Instruction (10 min.) 

Independent work 

Tasks: 42–51 

Explanation of: 

- Centre of gravity of an object and torque 

9 Independent work 

Tasks: 52–64 

 

10 Working out tasks as a 

class (whole lesson) 

Tasks: - 

4 Tasks about torques are presented. Students are given 

time to work through the tasks. Check and reflection within 

the group afterwards.  

11 Instruction (10 min.) 

Independent work 

Tasks: 65–72 

Explanation: 

- Check and reflection on problem 4 from lesson 10 

 

12 Practical work 

(whole lesson) 

Practical work: Working in groups of 3–4 students on torque. 

Different situations to be calculated and measured. 

13 Independent work 

Tasks: 73–80 

 

14 Instruction 

(whole lesson) 

 

Explanation of: 

- Fixed pulley versus loose pulley 

- Calculation of forces at a turning point 
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A quasi-experimental procedure was used, with the students assigned to the 

research conditions according to whether they had a fast internet connection rather 

than at random. We checked whether there were systematic differences in pre-test 

scores between the experimental group and the control group. As this was not the 

case (see subsection 5.4.1) we assumed there was no systematic difference between 

the experimental and the control group.  

There were 11 students in the experimental group and 26 in the control 

group. The treatment consisted of lessons wherein the students of both groups 

were taught the subject of ‘Forces’ using the same project and the same textbook. 

Both groups received all the classroom tuition together but were separated for 

their independent work, with the experimental group moving to the computer 

room and the control group staying in the classroom. The teacher and a researcher 

supervised the students at work. All students were given the same 80 tasks. The 

students from the experimental group received short instructions on how to access 

and use the program and then worked on the tasks on the computer. Students in 

the control group were not given any special instructions on problem-solving and 

worked on the same tasks from their textbook. They had an answer book with 

model answers. Data on the number of tasks as worked out correctly during the 

project by the students of the control group were logged by the students 

themselves and were checked by the teacher.  

 

5.3.3 Log files  

During the solution process the use of episodes and hints by the 11 students in the 

experimental group was analysed by means of the log file created by the Physhint 

program. All tasks, hints and solutions were incorporated as separate files which 

could be accessed individually by the student. Each time a student clicked on and 

accessed a task, a hint or a model answer, this act was logged on the server 

computer together with the identity of the student and the time of the act. In 

addition, any check of a completed answer was also logged by the program. In 

order to find possible relationships between program-use behaviour and post-test 

gains, a qualitative analysis of individual program use was undertaken, then 

grouped and compared with post-test scores (corrected for pre-test scores) (see, for 

example, Buckley, Gobert & Horwitz, 2006). For the students in the control group, 
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the teacher checked the number of tasks worked out by the students and kept a 

record of the tasks solved correctly during the project. The students kept a record 

of the time they spent working on the tasks. 

 

5.3.4 Pre and post-tests 

All 37 students of both groups took a pre-test and a post-test consisting of applied 

problems. Their scores were used to analyse the differences between the three 

conditions with respect to their problem-solving skills. At the end of the 

experiment a content-knowledge test to find out the level of domain-specific 

declarative and procedural knowledge was also administered. The pre-test 

consisted of six applied problems about topics which had been taught during the 

previous two years. The problems were set in situations not previously 

encountered by the students. The subjects of the pre-test were distance, velocity 

and acceleration. Examples of tasks assigned in the pre-test can be found in  

Figure 5.4. 

 

Figure 5.4: A task from the problem-solving pre-test 

 

When solving the problems in the pre-test and the post-test the students of 

both groups were asked to state explicitly how they analysed the problem, came 

up with a solution plan, and how they checked their solution. A pre-flight task was 

discussed before testing which showed the students which information they 

should write down and how this should be related to the problem-solving process. 

The various episodes were graded with maximums of two, six and two points 

respectively, making a possible total of 60 points for the pre-test.  

 The post-test consisted of five applied tasks on the subjects of forces and 

torque in situations not previously encountered by the students. An example of the 

post-test tasks can be found in Figure 5.5. As in the pre-test, the students had the 

Test item 1 Patrol aircraft 

 

A police aircraft is going on patrol above Caribbean waters to catch smugglers. With no wind 

the plane reaches a speed of 300 km/hour. With a full tank of fuel the plane can fly for 4 hours. 

On a windy day the plane is going on patrol to a group of islands. Going to the islands the plane 

encounters a headwind of 50 km/hour. The wind continues for the rest of the day, so the aircraft 

therefore has a tailwind on returning home. 

 

Question: How many km can the plane fly before arriving safely at the home airport the 

same day? 
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opportunity to demonstrate their skill in filling in the episodes ‘analyse,’ ‘plan’ and 

‘verify the solution.’ Both the experimental and control group students had the 

same experience in writing about their solution process. Again, marks were given 

with maximums of two, six and two points, respectively, with a possible total of 50 

points. 

Figure 5.5: A problem from the problem-solving post-test 

 

The reliability (internal consistency) of the problem-solving pre-test as 

shown by Cronbach’s alpha is 0.76 and that for the problem-solving post-test is 

0.69. The correlation between both problem-solving tests is r = 0.48 (p < 0.05).  

The pre-test and post-test were rated by one observer using a very specific 

rating protocol. A random check of the tests of 20 students by a second observer 

using a more general rating protocol resulted in correlations of between 0.60 and 

0.95 for the different items, with an average of 0.82. This means the scoring 

procedure for the test has sufficient inter-rater reliability. The overall reliability of 

the two tests was sufficient to use the tests to compare group means.  

 

5.4 Results 

 

The question of the present study is: How does a student-controlled problem-

solving program that provides hints during problem-solving and model answers 

afterwards improve students’ strategic knowledge? If the program was effective 

we would expect to find explanations from two sources: a practice effect and a 

systematic hint-use effect (see section 5.1). 

In order to analyse the different possible effects, we will first present data 

on the program implementation. This data might provide insight into the presence 

of differences encountered in practice, as it compares the number of tasks finished 

by the experimental and the control groups and the possibility of a practice effect. 

Test item 4 Water-carrier 

 

A water-carrier is carrying a homogenous plank with a bucket of water on both sides of this 

plank AB. The mass of the first bucket is 40 kg, the second 60 kg. The plank has a mass of 20 

kg, its length is measured as 6.0 m. The water-carrier is carrying the plank including the buckets 

at point S so that there is equilibrium.   

 

Question: Calculate point S on the plank AB. 



 110 

We will then analyse data on the systematic use of hints by the experimental 

group. In the last part of this section we will analyse the pre-tests and post-tests of 

the two groups looking for evidence of the two effects mentioned above. 

 

5.4.1 Use of the tasks and the students’ results  

First we analysed the general use of the program to find possible signs of a practice 

effect. All students received 14 lessons of 45 minutes in which classroom teaching, 

practical work and demonstrations were alternated with independent work. 

Classroom teaching and practical work were the same for both the experimental 

and the control group. These activities were undertaken together and according to 

the lesson scheme given in Table 5.1. During independent work, the control group 

worked in the classroom or at home on the 80 tasks in the textbook. The control 

group could check their solutions in the answer book available to every student. 

The experimental group carried out the same 80 tasks, using Physhint in the 

computer room and making use of the hints in the program. The time spent 

working on problems independently was also comparable for the control and 

experimental groups. The number of tasks undertaken by the students of the 

different groups during the project is given in Table 5.2. 

 

Table 5.2: Number of the 80 tasks undertaken during the project and percentage of correct answers 

for both groups 

 Number of 

students 

Average number of 

tasks undertaken (std.) 

Average of tasks answered 

correctly, in percentage of tasks 

undertaken (std.) 

Experimental group 11 66.0 (15.9) 82 (7)% 

Control group 26 64.4 (16.2) 70 (12)% 

 

The table shows that the average number of tasks undertaken by the 

students of both groups did not differ greatly. Analysis of variance showed no 

difference (F = 0.058; p = 0.81, ns) but there is a significant difference in the 

percentage of tasks answered correctly during the project. In the experimental 

group more tasks were solved correctly during the project than in the control 

group (F = 8.8; p < 0.01). This result does not come as a surprise as the students in 

the experimental group could use hints during problem-solving and check model 
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answers afterwards, while the students working with the textbook could only 

check their answers after they had finished a problem. 

In order to relate the results on the tasks to the post-test results, in Table 5.3 

we present the results of the students’ pre-tests and post-tests.  

 

Table 5.3: Students’ test scores: means and standard deviations (Data: Pol et al. 2005).  

Experimental Group Control group  

Mean (std.) Mean (std.) 

 Pre-test  Problem-solving (0–60) 30.0 (11.2) 28.6 (10.4) 

 Post-test  Problem-solving (0–50) 22.7 (4.6) 16.1 (7.4) 

 

An analysis of variance showed that the average pre-test results of both 

groups did not differ significantly. An analysis of covariance with the post-test 

scores as the dependent variables and the pre-test scores as the covariate was 

conducted. First, we checked that there was no significant interaction effect 

between the pre-test and research condition on the post-test results. The covariance 

analyses showed that the average score on the problem-solving post-test of the 

experimental group was significantly higher than the average score of the control 

group (F = 8.54, p = 0.006).   

The information in Tables 5.2 and 5.3 shows that students in the 

experimental group clearly scored higher on the problem-solving post-test than the 

control group and that they also answered more tasks correctly during the project, 

although both groups worked out about the same number of tasks during the 

project. The higher post-test score of the experimental group could partly be due to 

the fact that these students solved more tasks correctly during the project than 

those in the control group. We therefore investigated with an ANOVA whether 

there was evidence of a positive covariate of the percentage of correct answers 

during the project on the post-test scores (corrected for pre-test scores) in both 

groups. In the experimental group we expected the covariate percentage of tasks 

finished correctly during the project to have more effect on the post-test than the 

effect of this covariate in the control group, since in the experimental group 

students were allowed up to three attempts at giving a correct answer. They also 

received corrective feedback (and help if they wanted). In the control group, 

students had a textbook but received no feedback until they believed they had 

completed a task and were then free to check the answer. These students could 
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only use the instructions and worked examples in their textbook to help them 

solve the tasks. The covariate for the experimental group was F = 3.71 (p < 0.05, 

one-tailed test) and for the control group F = 0.002 (ns). This indicates that 

completing tasks correctly during the project helped students in the experimental 

group to score higher on their post-test, whereas in the control group the 

percentage of correctly answered problems during the project did not have an 

effect on their post-test scores.  

We shall now further explore the ways students in the experimental group 

used the program and whether the way in which they used the hints contributed to 

their problem-solving skills.   

 

5.4.2 Use of hints by the experimental group during problem-solving  

To provide statistical data on the students’ use of hints, we counted the number of 

tasks undertaken within two distinct periods of the project and during which help 

was consulted. The two periods were divided according to the topics: the first 

period (Tasks 1–51) dealt with vectors and Newton’s laws and the second period 

(Tasks 52–80) dealt with torque. 

Table 5.4 starts with the average percentage of tasks completed and solved 

correctly in both periods and then shows the average percentages of tasks for 

which the students used hints pertaining to the Survey, Tools and Plan episodes. 

Finally, the table shows the percentage of model answers consulted.  

 

Table 5.4: Use of the program. Average percentages for two periods of the project 

 First period 

(tasks 1-51) 

Second period 

(tasks 52-80) 

Number tasks carried out (% of total number tasks) (std.) 92.3 (15.4) 65.2 (31.5) 

Tasks, answered correctly (% of tasks undertaken) (std.) 82.8 (7.2) 69.6 (25.7) 

Tasks, survey was consulted (% of tasks undertaken) (std.) 26.4 (13.0) 18.8 (13.6) 

Tasks, tools was consulted (% of tasks undertaken) (std.) 33.1 (14.1) 27.9 (19.5) 

Tasks, plan was consulted (% of tasks undertaken) (std.) 33.4 (17.5) 20.3 (13.1) 

Tasks, survey, tools or plan were consulted (% of tasks 

undertaken) (std.) 

48.5 (20.4) 33.5 (20.3) 

Tasks, model was consulted (% of tasks undertaken) (std.) 29.1 (17.9) 38.1 (25.3) 

 

The percentage of tasks undertaken is lower in the second period than in the 

first. This may be due to differences between both periods in the actual time 
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available to students and the time they needed to solve the problems. In the second 

period, the students had to solve more complex problems in the same amount of 

time as in the first period: on average, six tasks per lesson (see previous section). 

Table 5.4 suggests that in the second period fewer problems were solved correctly 

than in the first period. However, the difference between the two periods is not 

significant (t = 1.691; ns).  

Overall, the use of hints during the solving of tasks decreased over the two 

periods for almost all students. Statistical analysis showed a significant difference 

for percentages of tasks in which Survey, Tools or Plan were consulted (t = 2.604; p 

< 0.05). Although the tasks were more complex in the second period, the students 

in the experimental group used fewer hints in trying to solve the tasks. This can be 

seen in the light of developing strategic knowledge. Students learn by doing: they 

still have to cope with the tasks, but better know and understand the function of 

the hints. Perhaps that is why they used hints on fewer of the later tasks. The use of 

model answers, on the other hand, increased. Statistical analysis showed a nearly 

significant difference for the percentage of problems for which the model was 

consulted (t = -1.851; p < 0.10). It is thus apparent that over the course of the 

project, students from the experimental group checked more model answers. This 

may be an indication of the development of strategic knowledge, as checking and 

evaluating a solution after finishing a problem is an indication of strategic 

knowledge. We will explore these hypotheses further in the next section when 

analysing the use of the program by the individual students.  

To gain more insight into the effect of the use of hints in general, we 

checked whether there was a relationship between the experimental group’s use of 

the different kinds of help and the percentage of the tasks in the program 

answered correctly during the project. We assumed that the help provided during 

problem-solving had a positive effect on solving a task. However, it is probable 

that students checked the model answer more often when they did not succeed in 

solving a task than when they did solve the task correctly. The results can be found 

in Table 5.5. 
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Table 5.5: Relationship (Pearson correlation) between percentage of tasks answered during the 

project and the use of the different kinds of help (n = 11) 

* significant: p < 0.05 (one-tailed test) 

 

The table shows positive correlations for the use of all three kinds of hints 

during the solving of tasks in the project. This means that the hints help students to 

solve tasks. Only model use shows a negative but not significant correlation: 

students who solve fewer tasks correctly during the project tend to check model 

answers more often. These results indicate that the use of hints during problem-

solving has a positive effect on solving a task. However, the results do not provide 

evidence that the use of help actually enhances the systematic use of problem-

solving episodes and thus improves strategic knowledge. For this reason we will 

study individual profiles in the development of hint use in the next section.  

 

5.4.3 Individual profiles 

In the program, students were allowed to use the hints at will when they 

experienced difficulties. We expected that students would profit from using these 

hints especially if they used them systematically to support effective problem-

solving. The individual scores of students were scrutinized to obtain more detail 

on the way the hints were used. The graph shown in Figure 5.6 indicates the 

systematic use of hints during the project for each student in the experimental 

group.   

How did we analyse the systematic use of hints? In our definition of 

systematic hint use, a student should use the episode-related hints according to the 

sequence of episodes an expert would follow (see Introduction): clicking from 

Survey to Tools and finally Plan, but also on Model answer after finishing a task. If 

the expert problem solver already knew how to work through the first two 

episodes, then we would expect him to start with a hint for the Plan episode. If 

hints were used in the expected order then we classified this as ‘systematic use’ of 

 % use of 

Survey in tasks 

undertaken 

% use of Tools 

in tasks 

undertaken 

% use of Plan 

in tasks 

undertaken 

% use of Model 

in tasks 

undertaken 

% correctly answered of 

tasks undertaken 

 

0.46* 

 

0.56* 

 

0.48* 

 

-0.39 
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hints. If one or more hints were used out of sequence then we classified this as 

‘unsystematic use’.  

All of the tasks undertaken by the students were analysed according to the 

sequence of hint use. If no hints or model answers were used, or hints were used in 

an unexpected order, then the task was classified as ‘no systematic use of help’. 

Consultation of the model answer was thus also taken as an indication of 

systematic use. However, high scores on our scale of systematic use could be 

attained not only by students with little prior knowledge and much need of hints 

but also by students with much prior knowledge and little need of hints. In any 

event, students were advised to check their answers against the model answer in 

order to reflect on their solution method in comparison with other ways of solving 

a problem. 

Figure 5.6 shows the percentage of tasks for which help was used 

systematically by the 11 students in the experimental group, thus demonstrating 

the development from the first to the second period.  

As the graph indicates, five individuals increased their systematic use of 

help during the project: (from the top) students 11, 4, 8, 3 and 1. The remaining 

students did not increase their systematic use of help: students 2, 10, 7, 6, 5 and 9. 

We will now discuss their individual profiles. We will describe the number of tasks 

a student completed, the number of correct answers and the use of hints and 

model answers when solving tasks. 

 

Student 1: 

This student completed 61 of 80 tasks, a little less than average, but with 56 

problems answered correctly (92% of the completed tasks) he solved more tasks 

correctly than the average. In the first period he was a regular but unsystematic 

user of hints, especially Tools and Plan, and the model answer was rarely used. In 

the second period he became a more frequent and systematic user of hints and 

model answers, especially when he had answered a task correctly. We can 

conclude a ‘more systematic use’ of the program during the course of the project. 
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Figure 5.6: Percentages of tasks for which the students systematically used help   

 

Student 2:  

This student correctly solved 54 of his 63 completed tasks. He was a frequent user 

of hints for all episodes, including the model answer, starting with an unsystematic 

use of hints. He used an above-average number of attempts to answer the tasks 

correctly. Between attempts he viewed many hints. We did not find any 

development in the systematic use of hints. This student can be described as a ‘less 

systematic’ problem solver showing no improvement during the project. 

 

Period 2 Period 1 

80 

70 

60 

50 

40 

30 

20 

10 

0 

  Student 1 

  Student 2 

  Student 3

  Student 4

  Student 5

  Student 6

  Student 7

  Student 8 

  Student 9 

  Student 10 

  Student 11 

Development in systematic use of help during and after problem-solving  

%  

Tasks 



 117 

Student 3:  

The student solved 61 of 74 tasks attempted, using lots of hints for all three 

episodes in problem-solving, as well as the model answers. During the first period, 

this student showed an irregular use of hints, which gives the impression of a non-

systematic hint user, mostly rushing through the tasks. During the second period, 

the student showed a systematic use of model answers on more tasks. The student 

also used hints more systematically than in the first period. This individual can be 

described as a ‘not very systematic’ problem solver, but shows clear development 

from little to some systematic use of the help in the program. 

 

Student 4:  

This student correctly solved 62 of the 79 tasks he completed. He used a more than 

average number of hints. The positive development shown by this student from 

the first to second period is reflected in the sequence of hints used. It became more 

systematic. Model answers were also consulted more frequently in the second 

period, especially after answering correctly. We will elaborate on some of his work. 

Table 5.6 gives the sequence of actions as registered in the log file for this student, 

where for every ten tasks, the one showing the most action is taken (student is 

using hints, trial answers or model answers).  

 

Table 5.6: Sequences of the use of help and answers given for a selected number of tasks 

undertaken by student 4  

 Sequence of acts by student 4, as registered in the log file*. 

Task 9 3-1, Wrong, 2-1, 3-1, Correct 

Task 18 1-1, 2-1, 3-1, 1-1, 2-1, 3-1, 2-1, 1-1, Correct 

Task 28 2-1, 2-2, 2-3, 3-1, 2-3, Wrong, Wrong, Correct 

Task 31 1-1, 1-2, 2-1, 3-1, 1-1, 1-2, 2-1, 3-1, 1-2, Wrong, Wrong, Wrong, 4-1 

Task 44 1-1, 2-1, 3-1, Wrong, Wrong, Wrong, 4-1 

Task 59 Wrong, Wrong, 3-1, Correct, 4-1, 4-2 

Task 68 Wrong, 1-1, 1-2, 2-1, Wrong, 3-1, Correct, 4-1 

Task 78 Wrong, 1-1, 1-2, 2-1, 2-2, 3-1, 3-2, Wrong, Correct, 4-1 

* Note: 1-1 to 1-3 = hints 1-3 for Survey; 2-1 to 2-3 = hints 1-3 for Tools; 3-1 to 3-3 = hints 1-3 for 

Plan; 4-1 to 4-3 = examples 1-3 of Model answer. Wrong or correct pertains to the student’s trial 

answers. 
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The sequences show that in the beginning (Task 9 to Task 31) the student 

consulted many hints, and sometimes then immediately filled in the correct answer 

(Task 18). Over the course of the project the student chose hints more selectively. In 

the last four tasks shown in this overview, he first took hints from Survey, then 

from Tools, after which he consulted Plan. He did not return to Survey or Tools 

again, as he did with the first tasks; furthermore, he answered the last three tasks 

correctly and consulted one or more model answers. This is in contrast to the start 

of the project where he only checked a model answer after not solving the task 

(Task 31). In short, this student showed development in the systematic use of the 

program. 

 

Student 5:  

Of an above-average number of 75 tasks completed, this student answered an 

average number of tasks correctly (60). From the beginning he was not an intensive 

user of hints and as the project progressed he used the hints even less. He rarely 

used model answers and then only when he gave an incorrect final answer. We 

characterize this student as a ‘weak systematic’ problem solver, who showed no 

development in the systematic use of the program. 

 

Student 6: 

With 45 of 62 tasks completed correctly this student scored relatively low for 

correct answers. The student also completed fewer tasks than average. The student 

was a sparing user of hints and model answers. If hints were used, they were used 

erratically. It seems that the choice of which hint to use first (out of the three 

episodes) was made randomly. This student used model answers only after he had 

given a wrong final answer. We characterize this student as a ‘weak systematic’ 

problem solver showing no development in the systematic solving of problems. 

 

Student 7:  

The student did not give many correct answers, only 60 out of 80 and thus was 

below the average of the group. However, he did work through all the tasks of the 

project. He used relatively few hints but used model answers more than average. 

For some tasks the student used more hints and then succeeded in submitting the 
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correct answer. Although he occasionally used hints systematically there was no 

development in systematic use from one period to the other. 

 

Student 8:  

The student completed all 80 tasks of the project, and was above average in the 

number of correct answers (70 = 88% of the tasks carried out). The student was a 

regular user of hints and an average user of model answers. From the beginning, 

the student showed a systematic use of hints. During the project, the frequency of 

the use of model answers increased. 

 

Student 9: 

This student began well but later on seemed less motivated to finish tasks. He 

started many tasks but did not finish them. Ultimately he completed 24 tasks with 

22 answered correctly. In the first three lessons the student had an above-average 

use of hints. He first tried to solve a task without help and viewed hints only when 

he did not succeed. Sometimes he could solve a task without help. Other times he 

kept trying and after three trials finished the task and looked at the model answer. 

This student did not show a systematic use of hints, nor positive development in 

the systematic use of the program. 

 

Student 10:  

With only 44 correct out of 63 tasks attempted this student also completed less than 

the average amount of tasks. Sometimes he started tasks but did not finish them. 

For these tasks, he occasionally viewed hints or submitted a trial answer, but 

ultimately gave no correct solution (the student gave three incorrect answers). The 

use of hints is low compared with the rest of the group. The frequency of use of the 

model answers by this student was above average. This student can be 

characterized as a less systematic user and is clearly not showing positive 

development in the systematic use of help from the program. 

 

Student 11:  

With 55 correct out of 65 completed tasks (85%) this student was above average in 

the number of tasks solved correctly, many of them in only one attempt. The 

student used many hints, including model answers. For more than half of the tasks 
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we found a systematic sequence in the hints used. This was far above average. He 

used model answers usually after solving a task correctly, especially in the second 

period of the project. We describe this student as an ‘above average systematic’ 

user showing development in the systematic use of help. 

 

5.4.4 Effects of systematic use of hints on the problem-solving skills of students 

The question that now remains to be answered is whether the group of students 

showing an increase in the systematic use of the program also showed an 

improvement in strategic knowledge as tested by the problem-solving post-test. 

The group not showing an increase in the systematic use of help consists of 

students 2, 5, 6, 7, 9 and 10. Of the other students 4, 8 and 11 show an increase in 

the systematic use of help despite an already high starting level. Students 1 and 3 

did not start systematically, but they clearly developed from a low level of 

systematic use to more frequent systematic use of the help in the second period of 

the project. Table 5.7 shows a difference between the groups in the average score in 

the post-test. 

 

Table 5.7: Scores on the problem-solving post-test of students with no development in the 

systematic use of help versus students with a development in the systematic use of help 

ID students: no increase 

in systematic use of help 

Score: problem-

solving post-test 

 ID Students: increase in 

systematic use of help  

Score: problem-

solving post-test 

2 22  1 28 

5 22  3 29 

6 17  4 18 

7 26  8 26 

9 16  11 26 

10 20    

Mean (Std dev) 20.5 (3.7)  Mean (Std dev) 25.4 (4.3) 

 

We investigated whether there were significant differences in the scores on 

the post-test between the group of students with an increase in the systematic use 

of hints and the group with no increase in the systematic use of hints. On the 

problem-solving pre-test the groups do not score significantly differently (t = 0.17; 

p = 0.69, two-tailed test). However, at first sight we see a difference between the 

groups’ averages on the problem-solving post-test. The means and standard 

deviations of the groups are 25.4 (std. 4.3) for the group of systematic users versus 
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20.5 (std. 3.7) for the group of unsystematic users. In order to find out if the 

increase in the systematic use of the program is a predictor in post-test scores, a 

regression analysis was conducted with post-test scores as the independent 

variable and the pre-test scores and the increase in systematic use as the covariates. 

An increase in systematic use was shown to be a significant factor (Beta = 0.48; p < 

0.05, two-tailed). This reveals that students profit most from the program when 

there is an increase in the systematic use of the available hints. 

However, is development of systematic use of the program independent of 

the effectiveness of practice? We explored the answer to this question with non-

parametric correlational analysis. First we studied the relationship between the 

development in systematic use (yes or no) and the number of exercises the 

students solved correctly. The Spearman’s rank coefficient showed a significant 

relationship (Spearman’s rho = 0.63, p < 0.05). Although the number of students is 

very small (n = 11) we tested if there was a relationship between the number of 

tasks solved correctly during the project and their post-test scores, controlling for 

their pre-test scores and development in the systematic use of hints. The partial 

correlation coefficient was 0.35 (p < 0.10). Thus, the present study did not find a 

strong relationship between the practice effect and post-test gain scores when 

controlling for differences between students in the growth of a systematic use of 

hints. The same holds true for the relationship between systematic use of hints and 

post-test gain scores if we control for the number of tasks solved correctly during 

the project. 

The effect of development in systematic use cannot be disentangled from 

the practice effect. Both effects will play a role in acquiring problem-solving skills, 

but they are not independent. 

 

5.5 Conclusions, discussion and implications 

 

5.5.1 Conclusions 

This is a small-scale study into students’ problem-solving behaviour while 

working with tasks and hints in a computer program. The main purpose of this 

study was to find indications of how the use of hints and model answers by 

students can help them improve their strategic knowledge. We undertook this 

research because there are few studies on the effectiveness of problem-solving 
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programs on student behaviour. The teacher first taught the students the basic 

knowledge needed to solve problems, and then the students were assigned to one 

of two groups: an experimental group which learned to solve problems with the 

help of a student-controlled computer program with embedded instruction, and a 

control group which learned to solve the same problems using a textbook and 

model answers. By incorporating the program into the school curriculum we not 

only tried to improve strategic knowledge, but also wished to take into account 

conceptual knowledge and understanding, as well as the experience and interests 

of students (see, for example, National Research Council, 1995). 

This study asked: How does a student-controlled problem-solving program 

that provides embedded scaffolding instruction during problem-solving and 

afterwards improve students’ strategic knowledge?  

We assumed that there are two possible ways in which students can use a 

program to improve their problem-solving skills: through much practice, or by 

systematic use of the hints in the program. The hints in the program were linked to 

different episodes in problem-solving. By using hints according to an expert’s 

chain of solution episodes, students may acquire more strategic knowledge. Within 

the experimental group, we distinguished a subgroup that worked more 

systematically with the program over the course of the project and a subgroup that 

showed no development. Our evidence is based on a small sample. Nonetheless, it 

is important that our working hypothesis finds support in our analyses. The 

conclusions we have drawn in this study should be regarded as hypotheses to be 

tested by further research.  

At the end of the project, the experimental group showed a significantly 

higher score on the problem-solving post-test. Teaching students with the 

assistance of the program proved to be more effective than with the textbook. The 

tasks undertaken in the project required students to apply the content knowledge 

(declarative as well as procedural knowledge) taught in the lessons. The tasks 

consisted of applied physics problems that invited students to analyse the problem 

context, think of schemes or knowledge that could help solve the problem, make a 

plan and verify the outcome. Students could train themselves in all these problem-

solving episodes by using the hints in the computer program, whereas the students 

using the textbook could not.  
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We expected a practice effect due to the availability of hints relevant to each 

problem-solving episode, thus creating more efficient use of problem-solving time. 

Clark and Mayer (2002) point out that the time allotted to practice always plays an 

important role in learning. They state that often it is not the specific type of 

training but the amount of practice that explains the effect. Others claim that, 

especially for higher-level tasks, the amount of practice can play a role, but also 

other effects can interact with the amount of practice, or even overrule the effect of 

practice. Grote (1995) and Ross and Maynes (1985), for example, showed that the 

spread of instruction is as important for the effect of practice as is the amount of 

practice. With our program we wanted to research the influence of just-in-time 

instruction during practice. In the program in our study, students could use the 

help of hints. In this way they could find a solution path for a problem more 

readily and with little waste of time. Students working with the textbook had to 

solve the tasks without help. After finishing a task they were allowed to check their 

solution in the answer book. We expected that students working with the program 

would process more tasks correctly during the project. 

There are indications that the program has a practice effect. Students using 

the program indeed solved more tasks correctly during the project in comparison 

with the control group who used the textbook. In the experimental group there 

was a positive (partial) correlation between the tasks solved correctly during the 

project and the results in the problem-solving post-test. This was not the case in the 

control group. The results thus indicate a practice effect: the more tasks that are 

finished correctly with the computer program the more problem-solving skills 

students develop. 

The second effect we expected was a systematic hints-use effect. According to 

Schoenfeld (1992) students confronted with systematic support guided by 

problem-solving episodes may improve their strategic knowledge of how to solve 

diverse problems in a domain. In working with Physhint we expected the students, 

as novice problem solvers, not to begin using hints according to the sequence most 

experts would follow. Instead we expected them to choose hints at random in 

several tasks, or to start directly with a hint containing a plan. However, we 

considered that these students might learn to first consult hints which help in 

surveying and analysing the problem, after which they would consult the 
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necessary resources, find help with a plan and finally check for alternative 

solutions using model answers.  

During the experiment we found that some students showed an increase in 

the systematic use of hints in accordance with Schoenfeld’s theory. We found 5 out 

of 11 students improved in their use of hints, showing an increase in the 

percentage of tasks for which the hints were consulted systematically from period 

one to period two of the project. The group not only used hints systematically 

during the process of solving problems, but also used model answers after 

correctly solving a problem. This means that some students grasped the correct 

way of working with the program while others did not.  

A correlational analysis showed that there is an overlap between students 

who make more systematic use of the hints in the program and students who solve 

more problems correctly in the program. As we have no data about the systematic 

use of episodes in the control group we cannot disentangle the effect of systematic 

use and the percentage of tasks answered correctly on the post-test scores. What 

can be said is that we found a significant difference in problem-solving post-test 

scores between the group of students who increased their systematic use of hints 

and the group that showed no increase in systematic hint use. This result indicates 

that a more systematic use of the episodes in the program may lead to an 

improvement in strategic knowledge. However, to a certain degree this effect 

overlaps with the practice effect, the latter being the consequence of solving more 

tasks correctly during the project. 

 

5.5.2 Discussion and implications 

If the practice effect and the systematic hint-use effect cannot be disentangled, the 

question that must be considered is how these different aspects can be analysed. 

Due to the small size of the experiment and the fact that there is no data about a 

development in the systematic use of the problem-solving episodes in the control 

group it is not possible to say more at this stage. Further research needs to be done 

on a larger scale. We consider that the effects should be studied in both the 

experimental group and the control group. Therefore, the control group’s problem-

solving process during the project needs to be studied. This could be done by 

asking the students in the control group to explain how they went about some of 

the tasks in the program (e.g. Schoenfeld, 1992, describes such a procedure). The 
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students’ answers could be scored according to the episodes outlined in this paper. 

If such information from the control group is available with respect to the different 

stages of the project, a comparison of the ‘practice effect’ and the ‘systematic use of 

episodes effect’ on the post-test scores in the experimental versus the control group 

could be made. 

A second question to consider is why in the experimental group one 

student’s strategic knowledge improved more than another, and having analysed 

the influence of the development of systematic use, the question as to why some 

students seem to learn more from the support of the program than other students 

also arises.  

Thirdly, the question of how to support this other group of students who 

apparently seem to learn less from the program needs to be addressed. It may be 

that these students learn less about the way this program is designed and they 

need direct instruction in the use of the program when they do not develop a 

systematic approach to the problems (e.g. Maccini et al., 1999). Many researchers 

agree that the degree of help should be dependent on the need of the student. 

However, the needs of the students should determine whether the scaffolding 

should be provided before, during or after the solution process. Moreno (2006) 

points out that we know very little about what makes students into more 

systematic problem solvers and how the instructional design of computer 

programs can help students with this task. She discusses the various studies in 

which scaffolding is provided before, during or after problem-solving with 

experienced and novice students and also discusses the possible conclusions from 

these studies. One conclusion is that the strategic knowledge of novice students 

could best be enhanced by scaffolding during and after the process in order to 

allow the transfer of knowledge. A hypothesis for further research might be that 

the effect of hints during problem-solving, together with model answers 

afterwards, is stronger in combination than the effect of either hints during 

problem-solving or model answers afterwards. 

The issue of what kind of scaffolding to offer weak problem solvers also 

concerns the control of feedback. Researchers such as Wood and Wood (1999) and 

Mathan and Koedinger (2005) believe that an intelligent tutoring program can 

deliver the just-in-time instruction needed for a student. Others such as Reif (1995) 

and Harskamp and Suhre (2006) believe that the student should be in control of 
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instruction and feedback. The latter point of view is supported by this study. In 

allowing students to choose the help they require, we expect them to become 

aware of what help they need and where they encounter difficulties in the 

problem-solving process. Further research might create an extra condition in which 

students in the experimental group are first given feedback on whether their 

answer is right or wrong, and if their answer is incorrect they can choose from a 

series of systematic hints that correspond to two different solution paths that can 

help them find a solution. For weak problem solvers in particular this may be more 

effective in evoking strategic knowledge than feedback offered by an intelligent 

computer program. The experimental condition we suggest would be in line with 

Corbett and Anderson (2001), who state that the locus of feedback control is an 

important factor in learning to solve problems.  
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CHAPTER SIX 
 

Research into components of Physhint4 

 

6.0 Abstract 

 

Many students experience difficulties in solving applied physics problems. 

Researchers claim that the development of strategic knowledge (analyse, explore, 

plan, implement, verify) is just as necessary for solving problems as the 

development of content knowledge. In order to improve these problem-solving 

skills, it might be profitable to know at what time during problem-solving is the 

use of instructional support most effective: before, during or after problem-solving. 

In an experiment with fifth-year secondary school students, one 

experimental group (n = 18) received hints during and worked examples after 

problem-solving, and another experimental group (n = 18) received worked 

examples only after problem-solving. Both groups used versions of a computer 

program to solve a variety of problems. The control group (n = 23) used a textbook. 

There was a pre-test to estimate the measure of prior expertise of the students in 

solving physics problems. The results of a problem-solving post-test indicated that 

the version of the program providing hints during and examples after problem-

solving was the most effective, followed by the version which only supplied 

examples afterwards. There was no difference in effect for students with more than 

average prior knowledge or less prior knowledge. 

 

6.1 Introduction and research questions 

 

In developing computerized instruction for problem-solving, several design issues 

have to be addressed. The most important design issues relate to the type of 

knowledge to be developed in problem-solving, the delivery of problem-solving 

instruction content, its timing, and student characteristics that may influence 

                                                 
4 This chapter is based on Pol, H.J., Harskamp, E.G. & Suhre, C.J.M. (2008). The effect of the timing 

of instructional support in a computer-supported problem-solving program for students in 
secondary physics education. Computers in Human Behavior, 24, 1156-1178. 
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learning to solve problems (De Jong, 1986; Mestre, 2002). This paper addresses the 

issue of timing of instruction. 

 

6.1.1 Type of problems and knowledge involved 

Learning to solve physics problems is an important goal of secondary education. 

Students, however, have great difficulty in solving problems in which physics 

knowledge about facts and rules of physics (declarative and procedural 

knowledge) has to be applied. Although they often possess this knowledge 

because it has recently been taught, they still cannot apply it to fresh problems 

dissimilar to the ones they have studied. For instance, when the formula ‘velocity = 

distance / time’ is taught, many students find it hard to apply this knowledge to a 

situation in which the runners start from opposite directions with different average 

speeds and the question is where they will meet. Students can use several 

strategies to solve such a problem (Bransford et al., 2000). Problems that ask for the 

application of knowledge are difficult for students because they may not recognize 

the knowledge to be used or they may not be able to combine different pieces of 

their knowledge into a solution plan. De Jong (1986) calls the ability to match a 

new problem situation with existing knowledge ‘strategic knowledge’. He defines 

strategic knowledge as the ability to use solution methods in relatively new 

situations for the students. Strategic knowledge tells students how to analyse a 

problem situation, find relevant content knowledge, make a plan and solve a 

problem. Other researchers (e.g. Mestre, 2002) also stress the importance of 

strategic knowledge in learning to apply physics knowledge to new problems. 

 

6.1.2 The timing of instruction 

An important question in designing instruction to develop problem-solving 

abilities is: ‘At what time is support most effective for the development of strategic 

knowledge in solving problems?’ Supporting students in solving applied problems 

can be accomplished by giving instructions or examples before the problem-

solving process begins, during the problem-solving process or after the student’s 

final answer. 

Supporting students in advance can be done with worked-out examples in 

which students are clearly instructed about the way to solve types of problems 

before starting to work out these problems for themselves (Owen & Sweller, 1985; 

Renkl, 2002). In using worked-out examples, a student learns to solve one type of 
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problem at a time, step-by-step with less reliance on help, thus learning to solve 

problems independently (the decrease of scaffolded support is called ‘fading’, see 

Renkl et al., 2002). Van Gog (2006) showed a significant effect of the use of worked-

out examples in changing from process-oriented to product-oriented worked-out 

examples during the learning process. In this way, students first have the chance to 

develop knowledge about the solution procedures for solving a set of problems, 

followed by the opportunity to investigate possible solutions, and are no longer 

hampered by a lack of knowledge of the correct procedure. The success of worked-

out examples can be explained by the fact that knowing how to solve a certain type 

of problem in a general sense gives the student more mental capacity to solve a 

particular problem. Worked-out examples did show good results in cases where 

the problems used for the instruction were similar to the worked-out examples. 

However, in cases where problems were very different from the instructed 

problems, the effect of worked-out examples disappeared, or even became 

negative (Kalyuga et al., 2001; Renkl et al., 2002). When students need to learn how 

to solve different types of problems, worked-out examples in advance seem to be 

ineffective. 

The second option for timing support is during the problem-solving process 

(just-in-time). Examples can be found in different tutoring systems, which give 

students help according to their actions. If a student does not succeed in finishing a 

problem, or gives a wrong answer, the program provides a hint which should help 

the student to continue with the problem-solving process (Albecate & VanLehn, 

2000; Koedinger et al., 1997). Tutoring systems are based on the principle that 

students learn by developing their own initiative and combining the different 

kinds of knowledge they already have when searching for a solution to a new 

problem. In helping students when they are struggling, they guide them through 

the solution process and thus develop their strategic knowledge. Some researchers 

claim efficiency for tutoring programs when tested using problems which are 

similar (that is, the method of solving them is equivalent) to problems the students 

have already practised (see also Corbett & Anderson, 2001). In using these kinds of 

tutoring systems for the development of problem-solving abilities, one has to 

address two issues. Firstly, many tutoring programs are based on one superior 

procedure to solve problems. However, in solving applied problems, not all 

students use the same procedure. In other words, when using a tutoring program, 
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a student is forced to follow one procedure when they might be better suited to 

another. The other drawback of tutoring during the problem-solving process is 

that students might become dependent on the tutoring program. In solving 

applied problems, students need to learn to find their own way to an answer (Fox, 

1993; Schoenfeld, 1992). 

The third option of timing support is giving help afterwards, also called 

delayed feedback. Feedback afterwards has proven to be effective (Anderson et al., 

1995; Bloom, 1984; Mathan & Koedinger, 2005). The main disadvantage of delayed 

feedback is related to the amount of time that elapses between solving the problem 

and receiving feedback. Feedback can be effective when provided directly after 

solving a problem. However, when the delay becomes greater, it is not effective 

because students may have forgotten part or all of their solution method (Mathan 

& Koedinger, 2005). 

 

6.1.3 Program or student control of instruction 

In computer environments with program control the program decides when 

instruction is presented and also decides the content of the instruction. The 

procedure for solving problems is clear from the start. Examples can be found in 

tutoring programs for problem-solving such as devised by Albecate & VanLehn 

(2000) or Koedinger et al. (1997). The supply of instruction is predictable and 

unambiguous. Fine-tuning of the instructions to overcome imperfections in non-

standard but otherwise adequate solution methods is often not provided. An 

important drawback is that program control leads to programs that are effective 

only in cases where the solving of similar problems is being taught (see Owen & 

Sweller, 1985; Renkl, 2002). 

The drawback of being unable to provide instruction that fits in with 

adequate alternative problem-solving approaches does not apply to student-

controlled computer environments. In these environments students can be given 

control over whether and when to consult the information offered by the program 

and which instruction method to follow. Instruction can be designed in a way that 

leaves room for the students to choose from different solution methods (Mathan & 

Koedinger, 2005; Mestre, 2002; Reif, 1995; Teong, 2003). One reason for preferring 

student control in a computer program is that it gives students sufficient room to 

develop strategic knowledge that fits their way of learning (Reif, 1995). Students 
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need to acquire a flexible problem-solving strategy with which they are able to 

tackle different types of problems. 

Examples of the effectiveness of student control on problem-solving abilities 

can be found in the research of Mathan and Koedinger (2005) and Mestre (2002). 

Mestre found positive effects on problem-solving when asking students to pose 

problems based on concepts and contexts of a certain domain. In working out these 

tasks, students were given clues during the process by combining different parts of 

the tasks posed. Mathan and Koedinger (2005) created a model of the ‘intelligent 

novice’. When using this model, students first worked out problems without help. 

If they wanted to move on before having solved a problem correctly, they would 

be advised to accept help in finishing the first problem correctly. Users of this 

model learned faster and performed better on a conceptual understanding test and 

on a transfer test than a control group. 

Schoenfeld (1992) is an important proponent of the approach to problem-

solving where students take the initiative. He investigated expert and novice 

problem-solving behaviour. On the basis of his research he distinguished between 

five ‘episodes’ in the process of problem-solving: 

• survey the problem (read, analyse) 

• activate student’s prior knowledge (explore) 

• make a plan (plan) 

• carry out the plan (implement) 

• check the answer (verify) 

Experts and novices differ in their approach to solving problems; novices 

almost immediately start to work out a poorly defined plan whereas experts take 

time to analyse the problem and gather information before making and 

implementing a plan. Schoenfeld (1992) argued that novices need to learn to work 

through the different episodes more effectively. He showed how to teach students 

the use of the episodes through questions and hints. 

An important question is whether all students, regardless of their prior 

knowledge, can best be instructed in the way Schoenfeld suggested.  

 

6.1.4 Student characteristics: gender and prior knowledge 

Hyde, Fennema and Lamon (1990) and Orenstein (1995) showed that the 

disadvantage in science for female students has its onset at the approximate age of 
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sixteen. This finding has been replicated and the disadvantage is still present in 

our secondary schools (Robinson & Gillibrand, 2004). The disadvantage may be 

ascribed to a decrease in confidence and academic risk-taking by girls as they get 

older. Female students often have a lower self concept of their skills in science than 

males, and females prefer support and interaction with others while males like to 

work independently (Sanders & Cotton-Nelson, 2004). That may be the reason why 

females may find it difficult to voice their ideas and opinions when they have to 

co-operate with males on a common task. Male students perceive themselves more 

as successful problem solvers while many female students perceive science as a 

masculine affair. In addition, teachers often think females have more difficulty in 

solving problems independently as females students prefer support and 

interaction with others compared to male students (Gallagher & Kaufman, 2005). It 

is assumed that mixed gender class interactions play an important role in the 

development of a gender gap. However, it is not clear if the negative effects of the 

classroom will also occur when females study physics problem-solving 

individually. In this situation, the interactions with male students do not come into 

play, though the general classroom atmosphere may still be in favour of males. 

  

There is substantial evidence that learner expertise influences the effect of 

instruction in problem-solving. In a program-controlled environment, learning to 

solve problems with worked examples may be profitable to some extent for 

learners with little experience (novices), at least when new problems are similar to 

the problems students were trained to solve. This is in line with the findings we 

have discussed above. However, for students with more experience in problem-

solving (and with more strategic knowledge), worked examples may be 

counterproductive. For instance, Kalyuaga et al. (2001) found that studying 

worked examples in advance hindered experienced students in solving problems. 

They call this ‘the expertise reversal effect’: if students know how to solve a certain 

type of problem, extra information about how to solve the problem will induce 

extra cognitive load in working memory and interfere with the students’ solution 

processes. Reduced instructional guidance will be more beneficial when learners 

have more experience in solving problems in a certain domain (Renkl et al., 2002). 

If students have experience in a domain of knowledge it may be more profitable to 

let the students solve a problem by themselves and provide them with a worked 
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example as feedback afterwards. This is also recognized by proponents of 

instruction by worked-out examples. In an explorative study, Reisslein, Atkinson, 

Seeling and Reisslein, (2006) compared three instruction conditions in learner-

controlled environments: a) first example then problem, b) first problem then 

example, and c) fading of example during problem-solving. The students in each 

condition had free choice whether to study the examples or use the fading 

instructions. The results showed no differences in learning outcome or time on task 

between the conditions. As expected, students who started with more expertise in 

solving problems of the domain had higher scores on a problem-solving post-test 

than their counterparts who started with less expertise. The group with more 

expertise profited more from the ‘first problem then example’ condition than those 

with less expertise. In this way the worked example may function as feedback that 

asks the student to reflect on the episodes in solving the problem and strengthen 

strategic knowledge. 

Moreno (2006) concludes from a review of recent research on worked 

examples that learning from worked examples is highly dependent on the quality 

of students’ cognitive processing of the examples. Learner-controlled 

environments in particular are suited to learning to solve diverse problems and it 

is uncertain what role worked examples may play and how their effectiveness can 

be enhanced. 

Our conclusion, in line with Schoenfeld’s suggestion, is that in learning to 

solve problems strategic knowledge of how to structure a problem-solving process 

and how to regulate one’s activities is very important. Environments that support 

students’ free choice of just-in-time instruction during problem-solving and deliver 

worked examples afterwards may be more effective than environments with 

program-controlled instruction and worked examples. It needs to be investigated 

whether students with different prior expertise in solving problems in a domain 

will profit in the same way from just-in-time instruction and worked examples 

afterwards.  

 

6.1.5 Sequencing problem-solving tasks and just-in-time instruction 

One possible drawback of computer programs with student control is that students 

with lower prior expertise may not fully use the instruction available in the 

computer program. To overcome this drawback it is imperative that a computer 
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contains ample problems of a given domain presented in a sequence of increasing 

level of difficulty. In fitting the level of the first tasks to the prior knowledge of the 

students, one should be conscious of not making the tasks, including help, too 

difficult. Joshua & Dupin (1991) showed that the teacher very often regards 

problems as being easy to solve, while the students feel unable to solve the same 

problems. On the other hand one should not make the level of the tasks too easy. 

Tasks are most effective for learning when complexity gradually increases. The 

hints during problem-solving need to be adjusted to task complexity. Problem-

solving can only be learned in situations where students indirectly have all the 

information needed at their disposal, but are still challenged (see, for example, Van 

Heuvelen, 1991 a, b). 

Anzai & Yokoyama (1984) and Maccini et al. (1999) indicated that students 

are semantically sensitive to hints. Students are able to use and comprehend one 

hint, while at the same time not understanding and thus ignoring another one. In 

giving a heuristic hint, one needs to clarify how to use this heuristic hint in solving 

the problem. For example, when telling the student to make a drawing one needs 

to give first-hand help in making the drawing for the problem concerned. The 

effect of the work of Van Gog (2006), in which the worked-out examples were 

supported with process-oriented information, should be seen in this light (see also 

Van Gog et al., 2006). In practice this means that hints should contain directions 

that not only provide a piece of content information but also information about 

how to use the content information.  

 

6.1.6 Research questions 

The research described above indicates that attempts have been made to combine 

various ways of supporting problem-solving by students. We expect student-

controlled environments to be most effective for learning how to solve diverse 

problems. From this starting point two issues are important: at what time should 

support be provided and what kind of support should it be? It would be 

interesting to discover whether support during and after problem-solving is more 

effective than support only after problem-solving. 

We expect that the timing of when instruction is provided will be a 

particularly relevant factor in improving students’ problem-solving skills. The 

research described in this paper aims to discover whether hints during problem-
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solving in combination with worked examples afterwards are more effective than 

only worked examples after solving a problem. We assume that when students 

receive timely support with advice on how to apply content knowledge in different 

episodes of problem-solving (see Schoenfeld’s episodes, above), the students will 

acquire relevant strategic knowledge. The combination of timely support and 

worked examples afterwards may further improve strategic knowledge, leading to 

better problem-solving. It needs to be investigated whether students with less prior 

expertise profit just as much from the combination of support as students with 

more prior expertise.  

To test our expectations, two versions of a computer program (Pol et al., 

2005) were developed: a version with hints during and worked examples after 

processing a problem, and a version with worked examples only after processing a 

problem. A third condition had students working on the same problems from a 

textbook with a manual that provided correct answers for the students to check. 

We intended to answer the following questions: 

 

1. Does a computer program with hints during and after problem-

solving improve students’ problem-solving abilities more than a computer 

program with hints afterwards only? 

 

Hypothesis 1: Students using the full version of the computer program will improve their 

problem-solving abilities more than students who have access to the version with worked 

examples only afterwards (see Mestre, 2002; Teong, 2003 for possible effects of strategic 

knowledge training).  

 

2. Do either of the two versions of the computer programs improve 

students’ problem-solving abilities more than the use of the traditional 

textbook with model answers? 

 

Hypothesis 2: Students using either version of the computer program will improve their 

problem-solving abilities more than students using the textbook with model answers only 

(see Mathan & Koedinger, 2005, Van Heuvelen, 1991 a, b for possible effects of supportive 

instruction). 
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We did not postulate hypotheses about the effect of ‘gender’ or ‘prior 

problem-solving expertise’ on learning to solve problems. As stated before, very 

little is known about the possible disadvantage of females in learning to solve 

physics problems with help of a computer program. There is also little known 

about the different effects of a student-controlled learning environment on 

students with little prior expertise in problem-solving in a domain or more prior 

expertise. In learning to solve diverse problems, a well-designed student-controlled 

learning environment may be just as beneficial for students with little expertise as 

for students with more expertise. However, we know that in program-controlled 

environments, experienced learners are hampered in their learning if worked 

examples are offered before or during problem-solving (Moreno, 2006).  

In our research we will take the possible effects of gender and difference in 

prior expertise into account when studying the effect of a new problem-solving 

program. 

We also discuss the three types of knowledge involved in problem-solving: 

declarative knowledge, procedural knowledge and strategic knowledge (De Jong, 

1986). It is possible that by learning to solve problems, students also improve their 

content knowledge. This may be the case if students have little content knowledge 

or their knowledge is not well organized. In our study students will first be 

instructed in the topic of forces and thereafter they will use a program to practise 

problem-solving. As students are already taught declarative and procedural 

knowledge, we do not expect them to increase this knowledge when using a 

problem-solving program. We only expect them to improve their strategic 

knowledge. In order to check this assumption we will include a content knowledge 

pre-test and post-test in our study. 

 

6.2 The computer program 

 

Pol et al. (2005) developed a computer program inspired by the five episodes of 

problem-solving Schoenfeld used to structure students’ problem-solving. To allow 

both strong and weak problem solvers to profit from the computer program, the 

program entails 57 problem tasks, selected based on an increasing level of 

difficulty. Whether this set of problems is enough to ensure that both weak and 

already fairly strong problem solvers both profit from the use of the program will 
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be evaluated by inspecting the relationship between problem-solving capacity 

prior to and after use of the program.  

In solving a problem, students can choose additional instruction by clicking 

on a toolbar with short descriptions of different kinds of hints available. The idea is 

that when students are solving problems in a productive way, they are in fact 

running through Schoenfeld’s episodes. Within each of the episodes, students may 

encounter blockages in the problem-solving process. By offering hints for each 

episode, using different solution methods the student can continue the solving 

process and finish. In Figure 6.1 we give an illustration of the computer screen as 

seen by the students. The problem can be found on the left of the screen. On the 

right a menu with hints is shown. 

 

Figure 6.1: Task 40 from the computer program Physhint (originally from Middelink et al., 1998). 

 

The hints are: Survey (Schoenfeld’s episodes: ‘read’ and ‘analyse’), Tools 

(‘explore’) and Plan (‘plan’). After answering, students get the chance to check 

Survey 

   Make a drawing 

   Masses hanging on the 

pulley 

Tools 

   Tensile force in the cord 

   Resulting force 

   Normal force acting on B 

Plan 

   Forces acting on the pulley 

   Drawing of the forces 

   Masses hanging on the 

 

Answer(s): 

Refer to the diagram for this question. The mass of the cords 

can be ignored when compared with the mass of blocks A and 

B 

From Task 39 we know the normal force working block B. 

 

Calculate the force of the suspension working on the pulley. 

Answer 

Back 

Forces acting on a pulley 

suspension 
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their solution and to reflect on it (‘verify’). Students are given three opportunities 

to check an answer, during which time they can continuously consult the hints. 

The hints to be consulted for Task 40 from Figure 6.1 can be read in Figure 6.2. 

 

Figure 6.2: Hints for Task 40 using the episodes Survey, Tools and Plan. 

 

Hints that accompany the first episode discuss the problem situation, 

mostly using informal methods such as a scheme, table or simple numerical 

calculation. The intention of these hints is not only to give help, but also to show 

the usefulness of these informal methods and to stimulate their use. On the other 

hand, in the computer program, hints will not only be common descriptions of a 

certain action, but will almost always be linked to the content knowledge needed 

for the task. Several researchers have emphasized the need to link strategic 

Survey 

 Make a drawing 

Hint: Copy the figure and draw the forces acting on the pulley. 

 Masses hanging on the pulley 

Hint: Which masses are hanging on the cord? In choosing the method of calculation, 

take into account the normal force working on block B.  

Tools 

 Tensile force in the cord 

The tensile force of a cord works on the pulley at the place where the cord leaves the 

pulley. 

 Resulting force 

Independently of the method of solution, when using forces you also need to apply 

Newton’s first law, which states that if a resulting force acting on an object is 0 N, the 

object is not experiencing acceleration. This is the case in this situation. 

Normal force acting on B 

From Task 39 it is known that the normal force acting on B is 20 N. 

Plan 

 Forces acting on the pulley 

Four forces are working on the pulley. The tensile forces of the cord are  

working at each place where the cord leaves the pulley. In addition,  

we have gravity working on the pulley, and in the opposite direction the  

force of suspension is also working on the pulley. Use Newton’s first 

law to find the missing force. 

 Drawing the forces 

Look at the drawing. The tensile force of the cord works on the pulley  

where the cord leaves the pulley. Do not forget the effect of gravity on  

the pulley. 

Masses hanging on the cord 

Instead of looking at the forces working on the pulley, you can also look at the masses 

hanging from the pulley. When you choose this way of working out the task, take into 

account the normal force acting on B and the mass of the pulley. 

 

Fcord 
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knowledge to declarative and procedural knowledge (Maccini et al., 1999; Wood & 

Wood, 1999).  

In ‘Tools’ the student needs to choose which content knowledge is needed 

to solve the problem; the use of certain definitions is discussed under this menu. 

Declarative hints are especially important because in this phase of the problem-

solving process students also need to be helped further so that they are directed 

away from an incorrect physical representation of the problem to a correct one. 

Not only are heuristic hints needed for this process, there also can be a simple lack 

of content knowledge.  

‘Plan’ hints are focused on the different ways of solving the problem and on 

helping the student through the halfway stage of the solution process. If the help 

offered under the survey and tools episodes is not sufficient, a hint in this episode 

is called for. Students can very often choose from various solution methods, in this 

case there are three. 

Using the computer program, students can give an answer up to three 

times, with the computer comparing their answer with the correct answer. After 

their last attempt, students receive a menu with descriptions of worked examples. 

They can consult one or more of these models. The different worked examples can 

cover informal solution methods (table, numerical calculation, etc.) or formal 

solution methods (formula, algebraic equation, etc.). The function of the worked 

examples is to support reflection on the solution process. Figure 6.3 gives possible 

formal solutions for Task 40. 

Figure 6.3: Model answers for Task 40. 

Model 

 Forces acting on the pulley 

FS,TOT = Total upward force due to the suspension 

FS,L↓ is tensile force on the left 

FS,R↓ is tensile force on the right; FZK↓ is gravity of the pulley 

The pulley is in equilibrium => Σ F = 0; FS,TOT = FS.L + FS,R + FZ,K  

FS,TOT = 39 + 39 + 1.0 x 9,8 = 88 N 

 Drawing the forces 

FS,TOT  = FS.L + FS,R + FZ,K (see drawing) 

FS,TOT = 39 + 39 + 1.0 x 9.8 = 88 N 

Masses hanging from the pulley 

Hanging from the suspension point is a total mass  

1.0 + 4.0 + 6.0 = 11 kg This produces a gravitational force of  

FZ,TOT = 11 x 9.8 = 107.8 N  On the ground it is 20 N (‘resting’)  

(see the normal force of 20 N).  The remaining force is  

107.8 – 20 = 88 N working on the suspension. 
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6.2.1 Embedding the use of the computer program in the lessons about forces 

The students participated in the experiment over 14 lessons of 45 minutes in which 

they were taught as a class, did practical work, were given demonstrations and 

worked independently. Figure 6.4 gives a schedule of the lessons taught. Teaching 

periods as well as practical work and demonstrations were the same for both 

experimental groups (using the computer program) and the control group 

(textbook), and were given to the group as a whole.  

The tasks were done independently, with students from the control group 

staying in the classroom while students from the experimental group went to the 

computer room. The schedule in Figure 6.4 shows that instruction and individual 

practice in the three research groups were alternated during the whole sequence. 

Students from the control group undertook up to 57 tasks from the textbook. In the 

textbook version, difficult tasks were made easier by the addition of a total of 33 

sub-questions, thus giving the students some direction in finishing the task. The 

tasks which could be undertaken by the students in the experimental groups were 

the same as the tasks of the control group; however, the sub-questions were left out 

of the sequence, making a total of 57 tasks available for the students of the 

experimental groups. All students of the experimental groups and the control 

group worked out the tasks at school as well as at home. 

To check the answers and verify the solutions, a solution manual was 

available to the students in the control group.  
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Lesson Content of the lesson 

and homework 

Subject content 

1 Instruction 

(whole lesson) 

Tasks: 1 – 2 

Explanation of the principle of superposition 

- Vector versus scalar 

- Composing forces, goniometry and construction 

2 Instruction (15 min.) 

Independent working 

Tasks: 3 – 14 

Explanation of 

- Resolving forces in rectangular components 

- Resolving forces in other components 

3 Independent working 

Tasks: 15 – 16 

 

4 Instruction and demo 

(15 min.) 

Independent working 

Tasks: 17 – 19 

Explanation of 

- Newton's first law 

Demonstration: Cart on an air track 

5 Instruction (5 min.) 

Independent working 

Tasks: 20 – 24 

Explanation of 

- Newton's second law 

 

6 Demonstration and 

Practical work 

(whole lesson) 

Demonstration: Computer measurement table: Acceleration of a 

car by a small weight. Practical work: Carrying out 

measurements at the table in groups. 

7 Independent working 

Tasks: 25 – 30 

 

8 Instruction (10 min.) 

Independent working 

Tasks: 31 – 38 

Explanation of 

- Centre of gravity of an object and torque 

9 Independent working 

Tasks: 39 – 45 

 

10 Working out tasks as 

a class (whole lesson) 

4 Tasks about torques were presented. Students were given 

time to work out the tasks. Check and reflection within the group 

afterwards.  

11 Instruction (10 min.) 

Independent working 

Tasks: 45 – 50 

Explanation: 

- Check and reflection on problem 4 from lesson 10 

 

12 Practical work 

(whole lesson) 

Practical work: working in groups of 3 – 4 students on torque. 

Different situations to be calculated and measured. 

13 Independent working 

Tasks: 51 – 57 

 

14 Instruction 

(whole lesson) 

 

Explanation of 

- Fixed pulley versus loose pulley 

- Calculation of forces at a turning point 

Figure 6.4: Schedule of the lessons. 

 

6.3 Methodology 

 

An experimental pre-test/post-test randomized group design was used to answer 

the research questions. The 15 to 16-year old participants (first year upper-level) in 

the experiment were taken from five fifth-year classes from four secondary schools 
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in the Netherlands with average physics examination results. In each class, 

students were randomly assigned to one of the three groups: 

• The ‘during and after’ group (DA) had support from the complete computer 

program: students were able to use hints, to use the control option of the 

computer program and, after answering, to compare their solution to the 

problem with the worked examples given by the computer program. 

• The ‘after’ group (A) was given the same computer program, but students 

were restricted to a view of the tasks, the use of the control option of the 

computer program and the program’s worked examples. The difference 

with the first group is an absence of hints for the survey, tools and plan 

episodes during the problem-solving process. 

• The control group (C) received the tasks on paper, accompanied by 33 sub-

questions, and students were able to check the answers and solutions with 

the help of the textbook and the solutions manual. This group’s support 

consisted only of access to the model answers provided by the manual. 

Group (C) represents the usual practice in physics education classes. 

 

6.3.1 Sample survey 

The experiment started with a total of 78 students. A total of 19 students did not 

complete the experiment. The primary reason for this was students dropping out 

of school. In the Dutch secondary school system students must complete four 

terms which are each tested. After three terms, some students realize that they 

have no chance of passing, so they drop out and often start again the following 

academic year. Another reason for the experiment being incomplete in groups DA 

and A was computer malfunction at home. The total dropout rate was not 

significantly different for the three groups (Pearson’s Chi-square = 0.16, p = 0.92). 

The total number of students participating in the experiment was: 18 in the DA 

group (10 boys, 8 girls), 18 in the A group (11 boys, 7 girls) and 23 in the control 

group (12 girls, 11 boys). 

 

6.3.2 Procedure 

The procedure followed consisted of a pre-test of problem-solving ability, and a 

domain-test on understanding the subject of forces, followed by the treatment and 
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finally a post-test for problem-solving ability, plus a domain-test on understanding 

the subject of forces. A schedule for the procedure can be found in Figure 6.5. 

 

 

 

 

 

 

 

 

 

 

Figure 6.5: Schedule for the procedure of the experiment 

 

All students took a pre-test, in addition to a post-test on applied problems. Their 

scores were used to analyse the differences between the three conditions vis-à-vis their 

ability to solve problems. Two content-knowledge tests were also taken before and at the 

end of the experiment. 

 

6.3.3 Problem-solving tests 

The problem-solving pre-test consisted of six applied problems on topics which 

had been taught during the previous two years. The problems were set in 

situations not previously encountered by the students. The subjects of the 

problem-solving pre-test were distance, velocity and acceleration. Examples of 

tasks assigned in the pre-test can be found in Figure 6.6. 

 

Figure 6.6: Problem from the problem-solving pre-test.  

 

Test item 4: Trains from Amsterdam to Paris 

 

Two trains maintain the connection between Amsterdam and Paris. For both trains, the normal 

departure time is 7.30 a.m. from Paris and Amsterdam. The train from Paris is composed of four 

carriages, the train from Amsterdam of three. Due to electrical problems on the Dutch railways, 

the train from Amsterdam only departed at 8.30 a.m. The train from Paris departed at the 

normal time. The distance in a straight line between both cities is 475 km, but by rail it is 523 

km. The Paris train travels at an average speed of 150 km/h, but because of a sleepy engine 

driver, the train from Amsterdam only travels at an average speed of 120 km/h. 

 

Question: At what time do the trains meet? 

 

- Pre-test  

  problem- 

  solving 

  ability 

 

- Pre-test 

  domain 

 knowledge 

Experimental Group DA: Treatment 

Program with hints and model 

Experimental Group A: Treatment 

Program with model 

Control Group C: Treatment 

Textbook with model 

- Post-test  

  problem- 

  solving 

  ability 

 

- Post-test 

  domain 

 knowledge 

       Week 1        weeks 2 - 9        weeks 10 – 11 
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When solving the problems in the pre-test, the students were explicitly 

asked to write down how they analysed the problem, came up with a solution plan, 

and how they checked their solution. The different episodes were graded, with a 

maximum of 2 points for analysis, 6 points for (working out) the plan and 2 points 

for the analysis respectively, resulting in a maximum of 60 points for the problem-

solving pre-test. 

The problem-solving post-test consisted of five applied tasks on the subjects 

of forces and torque. The tasks were set in situations not previously encountered 

by the students. An example of the tasks in the post-test can be found in Figure 6.7. 

As in the pre-test, the students were able to demonstrate their ability to fulfil the 

episodes: ‘analyse’, ‘plan’ and ‘verify the solution’.  

Figure 6.7: Item 2 from the problem-solving post-test. 

 

Again, grading was done with a maximum of 2 points, 6 points and 2 points 

respectively, making a possible total of 50 points for the problem-solving post-test. 

An example of a scoring model can be found in Figure 6.8 for the problem in 

Figure 6.7. In this model, every possible item in the solving process has been 

scored with one or more points. Working out the tasks correctly gives a score of 10 

points for every question. 

A random check by a second observer was conducted, by which 20 tests 

were scored independently according to the scoring model. Comparison of the 

results of the different tasks gave correlations of between 0.60 and 0.95 for the 

different items, with an average of 0.82. The overall reliability was sufficient to use 

the scoring model for scoring both tests. 

Test item 2: Go flat out 

 

On a long straight road a car is moving at a constant  

speed. At a certain moment, the driver   

speeds up. The force of the motor as 

a function of time can be found in the first figure. 

Mass of the car, including driver, is 1.0 x 103 kg. 

The velocity of the car as a function of time can be 

found in the second figure. 

 

Question: Calculate the total resistance  

experienced by the car at time t = 30 s. 
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Figure 6.8: Scoring model for item 2 of the problem-solving post-test. 

 

6.3.4 Knowledge-based tests 

Both pre-test and post-test knowledge-base tests consisted of 20 items, the subjects 

of which were as follows: 

• resultant and composite forces (vectors) 

• Newton’s first and second laws 

• torque 

 

The level of the tasks from the pre-test was taken from chapters used in 

lower classes. For examples of items of the knowledge-base pre-test see Figure 6.9. 

Figure 6.9: Two problems from the knowledge-base pre-test.  

 

The knowledge-base post-test had a comparable level to the tasks in the 

program. See Figure 6.10 for examples of problems from the post-test. For both 

tests, students could earn up to 3 points for every question, making a possible total 

of 60 points for the knowledge-base pre-test as well as the knowledge-base post-

test. 

Correction model of Test item 2 

Survey: From text: mcar = 1.0x10
3
 kg; t = 30 s and question: Ffriction? 

- nothing: - 0 points; - 2 items, no question: - 1 point; question: - 1 point;  

- complete: - 2 points 

Plan: a = 37.5/30 = 1.25 m/s
2
; Fres = 1.25x1.0x10

3
 = 1.25x10

3
 N (2p); Fmotor = 2000 N;  

Ffriction = Fmotor - Fres = 2000 – 1.25x10
3
 = 7.5x10

2
 N (2 p) 

- wrong calculations of a (m/s
2
): - 1 point; - correct a: - 2 points; 

- calculation of Fres: - 2 points; - calculation of  difference: - 2 points; 

- correct remark about friction: - 2 points; - calc. Fres no a, state Ffriction: - 2 points  

Check and conclusion: 
 - check (for example back calculation): - 1 point; - conclusion: - 1 point 

Test item 1 

Paul is cycling to school. His velocity does not change. Name three forces which are working on 

the bicycle. 

 

Test item 11 

Jet is hanging her case, with a mass of 75 g, on scales. 

How many Newtons are measured by the scales? 
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Figure 6.10: Two problems from the knowledge-base post-test. 

 

6.3.5 Reliability and correlations of the tests 

All tests showed a sufficient level of reliability (α = 0.70 or higher). The correlation 

between the knowledge pre-test and post-test was 0.31 (p < 0.05), the correlation 

between the problem-solving pre-test and post-test was 0.40 (p < 0.01). 

 

6.3.6 Treatment 

The subject content that was supplied to all three groups was based on lessons 

about ‘Forces’, using the same chapter in the same textbook. Entering the upper 

level in Dutch secondary schools, all students who have chosen the science profile 

are offered the same subject matter, usually starting with mechanics. The topic 

‘Forces’ is   the second chapter to be covered. In the experiment, all students were 

offered the same tasks to assist them in processing the information from the 

chapter. These tasks were all taken from the textbook Systematic Physics (Middelink 

et al., 1998). In total, the students in the experimental group were offered 57 tasks. 

Students from the control group were also offered stepping-up tasks, which were 

left out for the experimental groups, thus making 80 tasks available for the 

students in the control group. Regarding the use of the program, the students from 

the experimental groups were given brief instructions on how to access the 

program. The students from the experimental groups were not given any special 

instructions about problem-solving. 

During the project, data on how the tasks were worked out by the students 

was collected. Data about the use of the computer program by both experimental 

groups was also collected by checking a log file stored on the computer. All tasks, 

hints and solutions were located in different files in the computer program, which 

could be accessed by the students. All the files accessed and all the attempts to fill 

in an answer were stored in this log file. For the students in the control group, at 

the end of the project the teacher checked the number of tasks worked out by each 

student. 

Test item 2 

Imagine two forces of 5 N and 3 N respectively. We want to compute the resulting force, not 

knowing the angle between both forces. What can you say about the resulting force? 

 

Test item 21 

An elevator moves down with a deceleration of 2.0 m/s
2
. A man with a mass of 65 kg is standing 

on scales in the elevator. Compute the reading of the scales. 
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6.3.7 Analyses 

Descriptive techniques were used to describe the data on the use of hints, and the 

results of the tests (content analysis on usage patterns of hints, frequency of 

distribution for the use of hints, averages and standard deviations of the test 

results of both research groups, etc.). 

The effect of the different versions of the computer program on the 

problem-solving and content-knowledge post-test was tested using analysis of 

covariance. The independent variables were the three conditions, and the 

dependent variables were the students’ results on the problem-solving post-tests 

and a domain-knowledge post-test. The co-variables were the two pre-test scores 

on solving applied problems and the domain knowledge. 

 

6.4 Results 

 

6.4.1 General use of the chapter by the different groups 

Students in the different experimental conditions were given different kinds of 

help. One experimental group was given help during and after problem-solving 

(DA group). A second experimental group was given help after problem-solving 

(A group). For the students in the control group, no digital support was available. 

Students in this group only had access to their textbook and a model answer 

manual. The students in both experimental groups were given 57 tasks in the field 

of Forces. The students in the control group were given the same tasks on paper. 

For the students in the experimental groups, a log file was kept containing all the 

student’s actions within Physhint. Data from the control group was gathered on 

forms filled in by the students and checked by the teacher. Below, a general 

impression of the use of the program and the material is given. As shown in Table 

6.1, the average relative number of tasks worked through is comparable for all 

groups. An ANCOVA with the group as the fixed factor and the relative number 

of tasks carried out as the dependent variable showed no significant differences 

between the conditions (F = 0.15, p = 0.86).  
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Table 6.1: Overview of use performance students (in using Physhint) 

Group 

 

Average in each group 

During+After 

group 

(n=18) (SD) 

After group 

(n=18) (SD) 

Control 

group 

(n=23) (SD) 

Tasks carried out (% of total tasks) 79.2 (22.5) 82.4 (18.9) 82.5 (20.5) 

Correct with use of hints (% of tasks done) 37.5 (19.3) - - 

Correct, no use of hints (% of tasks done) 42.0 (18.1) 81.9 (10.2) 68.7 (11.1) 

Not correct, with use of hints (% of tasks done) 13.6 (6.3) - - 

Not correct, no use of hints (% of tasks done) 6.9 (8.3) 18.1 (10.2) 31.3 (11.1) 

 

To find out whether the relative number of tasks worked out correctly was 

related to the availability of the program, a second ANCOVA was carried out with 

the group as the fixed factor. The difference in relative number of tasks answered 

correctly seemed to be significant (F = 8.50, p < 0.001). This means that students 

working out tasks with the help of the program on average finished a higher 

number of tasks correctly than students from the control group. 

 

6.4.2 Use of the program by the experimental groups 

As can be seen in Table 6.2, the methods of help used by the students in the 

experimental group covers the whole range. Of interest is the percentage of ‘use of 

model’ for both groups, which is not significantly different (an ANCOVA between 

both groups, with both pre-tests as co-variates and the relative use of the model as 

the dependent factor gave F = 0.066; p = 0.799), despite students from the 

During/After group being able to discover many aspects of the tasks to be solved 

from the hints available.  

The issue of whether the use of different kinds of help assisted students in 

answering more tasks correctly was investigated by means of partial correlations. 

In these partial correlations the percentage of correctly answered tasks was 

corrected for the scores on both pre-tests. Table 6.3 mainly shows the tendency for 

students to answer more tasks correctly when they use the different kinds of help. 

Only ‘use of survey’ contributed significantly to the percentage of correctly 

answered tasks. There is, however, little difference in the relationship between the 

different types of help and the percentage of correct answers, as all partial 

correlations lie around the level of significance.  
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Table 6.2: Implementation of the computer program and different episodes 

 During/After group 

(n=18) (SD) 

 

After group  

(n=18) (SD) 

Number of tasks carried out  45.2 (12.8) 46.9 (10.8) 

Correct (%)  78.2 (10.5) 81.9 (10.2) 

Hints used during process (%) 51.1 (22.5) - 

Survey used (%)  35.8 (21.4) - 

Tools used (%)  36.2 (23.1) - 

Plan used (%)  38.1 (23.4) - 

Model used (%)  41.9 (29.7) 43.3 (27.6) 

Total computer time (sec.)1  8364 (3312) 7986 (2975) 

Average computer time per task (sec. per task)  183 (41) 168 (40) 

1 Total time-registered use during lessons. Due to a software error, registration of student activity 

did not start after logon, but after the first user action. As a result the total computer time registered 

is expected to be slightly higher for the D/A group. 

 

Table 6.3: Partial correlations between percentage of tasks answered correctly and the use of the 

different kinds of help, corrected for both knowledge-base and problem-solving pre-test 

 Survey, tools 

and/or plan 

used 

(%), n =18 

Use of 

survey 

(%), n = 18 

Use of tools 

(%), n =18 

Use of 

plan 

(%), n = 18 

Use of 

model 

(%), n = 18 

(group DA) 

Use of 

model (%), 

n = 18 

(group A) 

% correctly 

answered 

0.35 (ns) 0.43 

(p< 0.05) 

0.40 (ns) 0.33 (ns) 0.35 (ns) -0.05 (ns) 

 

6.4.3 Students’ test scores and differences between the groups 

Before the hypotheses about the effectiveness of the two versions of the program 

are discussed below, we will first look at the average scores of the three research 

groups and those of male and female students on the pre- and post-tests. These 

scores, displayed in Table 6.4, indicate to what extent there may be a possible bias 

in group assignment and to which extent male and female students differ. In Table 

6.4 we see that all groups scored about half of the 60 points available for the 

problem-solving pre-test, and about two-thirds of the 60 points available for the 

knowledge-base test. The average scores hardly differ between the three groups. 

The average scores for male students are slightly higher than the averages for 

female students. A multivariate analysis with both tests as dependent variables 

and group and gender as fixed factors revealed that there are no significant 
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differences between groups nor between female and male students. We can 

therefore be confident that the three groups did not differ from each other before 

the start of the experiment.  

 

Table 6.4: Test scores on pre-tests and post-tests 

 Group Gender 

  DA group  A group  Control 

group  

Female Male 

Pre-test problem-solving 

(0−60) 

32.8 (10.1) 32.3 (9.7) 32.4 (10.6) 30.9(9.8) 33.1(10.3) 

Pre-test knowledge (0–60) 40.4 (5.9) 39.6 (9.1) 40.3 (7.8) 38.4(6.8) 41.6(8.0) 

Post-test problem-solving 

(0–50) 

30.7 (6.1) 26.1 (10.5) 21.9 (8.0) 25.2(9.8) 26.4(8.4) 

Post-test knowledge (0–60) 30.6 (7.5) 32.4 (7.2) 31.7 (8.7) 27.5(7.0) 35.0(6.9) 

 

As the students, under all conditions, had the possibility to check model 

answers and learn how to apply content knowledge to solve the tasks, we expected 

roughly the same amount of domain-knowledge learning in all three groups after 

the experiment. This seems to be the case. Table 6.4 shows the differences between 

groups in their average knowledge post-test scores to be small. The higher score of 

the A group can be attributed to the fact that the A group had relatively more boys 

than either of the other groups. As can be seen in Table 6.4, the average score for 

male students is much higher than for female students. Table 6.4 also shows that 

the three groups seem to differ in their average scores on the problem-solving post-

test. Female and male students do not appear to differ on the problem-solving 

post-test.  

Now we turn to the central questions of this paper. Do the research groups 

differ from each other in average student post-test scores and do the differences 

between conditions apply to both students with lower prior knowledge and higher 

prior knowledge in the same way? This second question is important because we 

expect both types of students to profit from the computer support. To answer these 

questions we first carried out a multivariate analysis of covariance. The aim of the 

multivariate analysis of covariance was to probe for the presence of group and 

gender effects on both post-tests. In this analysis the knowledge-base post-test and 

the problem-solving post-test were treated as the dependent variables, the 

experimental condition and gender as fixed factors and both pre-tests as co-
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variates. We simultaneously tested for the presence of interactions between the 

fixed factors and both co-variates. We needed this test for interactions to resolve 

the question whether group and gender differences in post-test scores actually 

vary between students with low and high pre-test scores. The multivariate analysis 

showed the interaction effects to be insignificant. This indicates the absence of 

significant differences in the relationships between pre-tests and post-tests 

between the three conditions as well as between female and male students. Both 

the gender effect (Wilks L=0.76; p=.001) and the group condition effect (Wilks 

L=0.74; p=.003) turned out to be significant. These effects apply to both students 

with lower prior knowledge and higher prior knowledge as indicated by their 

scores on the pre-tests. 

Further univariate ANCOVA analyses of the gender effect revealed that the 

gender effect had only a significant effect on the knowledge-base post-test scores, 

but not on the problem-solving test scores. Male students significantly outperformed 

female students on the knowledge post-test. The experimental condition effect only 

applied to the problem-solving test. Further univariate analyses by means of 

ANCOVA with the experimental condition as the fixed factor, the problem-solving 

post-test as the independent factor and both pre-tests as co-variates proved to be 

significant (F = 6.19; p = 0.004), as expected.  

To evaluate the two specific hypotheses of this paper we used a planned 

comparison test procedure and evaluated the corresponding t-tests at 5% level of 

significance. The results of the planned comparisons are displayed in Table 6.5. 

 

Table 6.5: Estimates of the mean problem-solving post-test scores of the three research groups, with 

both pre-tests used as ‘covariates’ 

Group differences Contrast estimate Significance 

During/After vs After 4.283 < 0.05 

During/After vs Control 8.369 0.001 

After vs Control 4.085 < 0.05 

 

The statistical results of the planned comparisons confirm the expectations 

formulated in hypotheses 1 and 2. The mean of the DA group on the problem-

solving post-test differs significantly from the means of the A group and the 

control group. The DA group shows nearly half a standard deviation gain 

compared to the A group. The difference for the experimental DA group compared 
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with the A group is 30.7 – 26.1 / 10.5 = 0.44 standard deviation. This is a medium 

effect size. The measured gain for group A compared with the control group is 26.1 

– 21.9 / 8.0 = 0.53 standard deviation. This is also a medium effect. These effect 

sizes can be interpreted in terms of the percent of no overlap of the treated group’s 

scores with those of the untreated group or group with alternative treatment 

(Cohen, 1988). An effect size of .44 indicates a no overlap of 28% in the two group 

distributions. An effect size of .55 indicates a no overlap of 35% in the two group 

distributions. 

 

6.5 Conclusion and Discussion 

 

The first research question of this article was ‘Do students using a computer 

program with hints during and worked examples after the solving of applied 

physics problems improve their problem-solving abilities as compared with 

students using the same computer program, but only receiving worked examples 

afterwards?’ The idea is that by supporting students with hints listed according to 

the episodes of Schoenfeld (1992), students could choose to click on a hint if they 

became stuck during the problem-solving process. The hints could help the 

student to continue the problem-solving process and make it more efficient. 

An experimental research design with two experimental groups and a 

control group was used to evaluate the effect of the computer program. In the 

experimental conditions, students were supported with worked examples 

afterwards (After group) or with hints during and worked examples after the 

problem-solving process (During/After group). The only difference between the 

two experimental conditions was the support by hints during the solving process. 

Students of both experimental groups processed about the same number of 

tasks, and spent on average the same time solving tasks with the help of the 

computer program. The students of the During/After group used one or more 

hints with 51% of the tasks.  

The analysis of the post-tests showed a significant difference between the 

two experimental conditions and the experimental and control condition on the 

post-test problem-solving, but not on the knowledge-base test. This outcome 

confirms our assumption stated in the Introduction of this paper that the program 

does not support growth in content knowledge more than the usual training of 
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problem-solving with a textbook (the control condition). Although the hints 

provide content knowledge, the knowledge does not go beyond the subject matter 

taught before. The overall meaning of the hints is the organization of prior 

knowledge into problem-solving episodes (Pol et al., 2005). That is why extra 

strategic knowledge is gained but not extra content knowledge.  

The analysis indicates there is a gender effect on the knowledge-base test. 

There is no interaction effect of gender x conditions on the knowledge-base post-

test or the problem-solving post-test. In all three conditions females acquire less 

content knowledge than males. However, in the three conditions there is no gender 

difference in strategic knowledge. The gender difference seems to indicate that 

female students learn less well when they are in a class setting than in an 

individual learning setting. In a physics class the teacher usually expects males to 

take the initiative and solve problems and females often feel unsure about their 

knowledge and are more apt to ask questions and for clarification. This may cause 

the gender gap in physics in the higher grades of secondary education (Gallagher 

& Kaufman, 2005). Further study is needed to analyse which group processes and 

self-perception mechanisms hinder the development of females’ knowledge in 

physics. 

In line with our first hypothesis, we can conclude that students supported 

by hints during problem-solving and worked examples afterwards improve their 

problem-solving abilities more than students who only have worked examples 

available after problem-solving. In the During/After group there is a relationship 

between the number of hints used and the tasks answered correctly. Such a 

relationship does not occur in the After group between the use of worked 

examples and number of program tasks answered correctly. From this evidence we 

may conclude that providing model answers after the problem-solving process is 

especially effective when they are part of a total program of help available during 

and after the problem-solving process. Here one might expect an interaction effect 

as found by Reisslein et al. (2006). They found that students with more prior 

knowledge than the other students gained more from the worked examples after 

answering a problem. In our research no interaction effects of prior knowledge of 

strategic or content knowledge was found at all. Students with more prior 

expertise than average profited in the same measure from the program as students 

with less expertise.  
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Is there a relationship between the use of hints and the problem-solving 

abilities of students in the DA group? At first sight, one would expect to see a 

decrement in the use of hints as students become more acquainted with the 

problems in the program. However, there is no such fading effect. The effect of 

fading in the case of worked-out examples (Renkl et al., 2002) is based on the idea 

of learning to work out one type of task and gradually learning to use less help in 

solving such a task. In our program, heterogeneous tasks are offered and in order 

to carry them out different concepts of force and problem-solving methods are 

needed. We therefore do not expect a decrement in the use of hints during the use 

of the program. What can be expected is an increment in the systematic use of the 

hints according to the episodes of Schoenfeld, as described by Schoenfeld. Wood & 

Wood (1999) found that students who became better able to solve test problems 

also showed an increase in the systematic use of problem-solving episodes through 

practice. A further analysis of our data from the DA group could possibly 

demonstrate a significant difference between students showing an increment in the 

systematic use of hints compared with students not showing a growth in the 

systematic use of hints. If there is such a difference, then a relationship with 

problem-solving test scores could be explored. 

 

The second research question was ‘Do students using one of the two 

versions of the computer program improve their problem-solving abilities more 

than students using the textbook with sub-questions and model answers only?’ 

This question concerns the influence of the level of tasks in the experimental 

groups versus the level of tasks in the control group on problem-solving abilities. 

From the literature we know that in using tasks to develop problem-solving 

abilities, the instructor should be wary of making the level of the tasks too easy 

(Van Heuvelen, 1991 a, b). To stimulate the use of hints in the program, the 

students were offered the same problems found in the textbook, but without the 

sub-questions designed to help the student to solve the problems, thus making the 

problems in the computer program less easy to solve. Looking at the number of 

tasks worked out correctly, there is a difference between the experimental DA and 

A groups versus the control group in favour of the experimental groups. Finally, 

the students in the DA and A groups outperformed the students in the control 
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group on the problem-solving post-test, thus confirming our second hypothesis 

that offering tasks in a more complex way can positively affect the development of 

problem-solving abilities. 

However, this second conclusion has to be put into perspective. The 

students in the experimental group were using the computer and students from 

the control group the textbook with model answers. Literature supports the idea 

that a difference in media (computer versus textbook) may cause a difference in 

test scores (Clark, 1994; Woodrow, 1998). In using the computer, students might 

work differently from those working with the textbook. For example, in using the 

computer program, students filled in their answers, received feedback and were 

required to try again if their answers were not correct. The students from the 

control group checked their solutions by comparing their answers with the 

answers at the back of their textbook. The feedback system provided by the 

computer could influence problem-solving abilities and cause a difference between 

the experimental groups and control group, thus demanding further research 

using the version of the program in which both hints and model answers are left 

out.  

 

The first practical implication of these results is that it is possible to train 

problem-solving abilities without explicit guidance by the teacher. In the case of 

this experiment, students in the experimental group were supported digitally, with 

hints which helped them to work through problems with success. In this way 

students experienced a more efficient form of learning than that available through 

working independently using a textbook and the teacher as a possible background 

source of help. 

The second point which can be made is that problem-solving can be 

supported by giving students appropriate tasks that provide them with problems 

requiring a degree of effort to solve. The experiment showed that the use of hints 

increases the capacity to solve the program tasks correctly and helps to improve 

problem-solving abilities to a greater extent than only providing worked-out 

examples after the solving process. 
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CHAPTER SEVEN 
 

How do different components of Physhint work?5 

 

7.0 Abstract 

 

This study investigates the effectiveness of computer-delivered hints in 

relation to problem-solving abilities in two alternative indirect instruction 

schemes. In one instruction scheme, hints are available to students immediately 

after they are given a new problem to solve as well as after they have completed 

the problem. In the other scheme, hints are only available as worked-out problems 

after students have finished their solution. The instruction schemes are supplied by 

means of a web-based program, Physhint, which supports the development of 

strategic knowledge (Pol, Harskamp & Suhre, 2008). This program supports novice 

problem solvers while undertaking physics problems concerned with forces by 

providing hints structured in accordance with Schoenfeld’s episodes (Schoenfeld, 

1992). 

An experiment was carried out in four schools in order to study students’ 

use of the hints in both of the computerized instruction schemes, as well as the 

effect of different uses of the available hints on students’ ability to solve physics 

problems. The experiment consisted of three groups. Two groups of students were 

assigned to one of the two instruction schemes and a control group was selected 

for the purpose of comparison. 

The results of the experiment show that both computerized instruction 

schemes are effective. Students working with the most elaborate instruction 

scheme show an increased use of their pallet of heuristics and algorithms in the 

post-test. Furthermore, the instruction scheme in which hints are available to 

students during problem-solving proves to be most effective when students show 

an increase in the systematic use of hints during problem-solving. This paper 

                                                 
5
 This chapter is based on Pol, H.J., Harskamp, E.G., Suhre C.J.M. & Goedhart, M.J. (2009). How 

indirect supportive digital help during and after solving physics problems can improve 
problem-solving abilities. Computers and Education, 53, 34-50. 

. 
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therefore provides an insight into how a computer program implemented in school 

practice can improve students’ strategic knowledge. 

 

7.1 Introduction 

 

Many secondary school students experience difficulties in solving applied physics 

problems (Taconis, 1995). The reasons for these difficulties can be found in 

deficiencies in the different kinds of knowledge needed to solve physics problems. 

De Jong and Ferguson-Hessler (1996) describe these as declarative knowledge 

(facts and concepts), procedural knowledge (how to use these facts and concepts in 

methods or procedures) and strategic knowledge (knowledge needed to organize 

the process of solving new problems). The important questions concern which 

kinds of knowledge can best be developed to support problem-solving abilities, 

and how such development can be supported effectively. There is discussion about 

the issue of which type of knowledge will be most effective – for example the 

discussion between Anderson, Reder & Simon (1996, 1997) and Greeno (1997) 

concerning whether or not it is possible to develop strategic knowledge which is 

transferable from one subject domain to another. Most textbooks used in standard 

teaching, as well as many research projects, approach problem-solving as a 

development of declarative and procedural knowledge in practice, but during the 

last decades this has increasingly become a point of discussion (Sweller, 1988; 

Taconis et al., 2001). Moreno (2006) indicates that in the introductory stage of a 

new domain, worked examples with decreasing instruction will be effective. 

However, when students have gained basic content knowledge (i.e. declarative 

and procedural knowledge) and are asked to apply their knowledge to new 

problems, the use of worked examples is no longer an effective instructional 

method. Some researchers claim that students do not lack content knowledge 

when they try to solve new problems, but rather that their lack of strategic 

knowledge is the problem (Mathan & Koedinger, 2005; Taconis, 1995). Strategic 

knowledge tells students how to analyse the problem, find relevant content 

knowledge, make a plan and solve the problem (De Jong & Ferguson-Hessler, 

1996). Several researchers have emphasized the need to link strategic knowledge to 

declarative and procedural knowledge (Maccini et al., 1999; Wood & Wood, 1999). 
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To develop students’ strategic knowledge, we need to consider different 

types of and views on learning. The learning of declarative knowledge followed by 

procedural knowledge calls for practice as the main instructional principle. For 

example, worked examples first indicate how different types of problems can be 

solved (declarative knowledge) after which students need to apply the knowledge 

to similar problems (transfer to procedural knowledge) (see, for example, Sweller, 

1988; or Renkl, 2002). Taking strategic knowledge into account also calls for the 

application of important principles such as monitoring, questioning, clarifying and 

reflecting by the student (Glaser & Bassok, 1989; De Corte, 2004). 

Due to their advantages, such as individual feedback and the time and place 

independence of digital instruction, different kinds of instruction can be found in 

the new computer instruction programs created for mathematics or science 

problems that have increasingly been developed and tested over the last decades 

(Aleven et al., 2003). These programs aim at the different types of knowledge 

mentioned above with some focusing more on declarative and procedural 

knowledge and others more on strategic knowledge.  

The issue for the design of a physics problem-solving computer program is 

how a blend of student and system control can be shaped into an effective learning 

environment. Although many students fail when attempting to solve physics 

problems because they have too small a basis of declarative knowledge and 

procedural knowledge, the main reason for blockages in problem-solving seems to 

be the lack of strategic knowledge (inter alia Mathan & Koedinger, 2005; Taconis, 

1995). Inexperienced students often spend little time analysing a physics problem 

and instead choose a solution method immediately, which may turn out to be only 

partly applicable or not applicable at all (Chi et al., 1981; Sherin 2001). This is why 

the design of problem-solving programs is best directed at strengthening the base 

of strategic knowledge. To develop such strategic knowledge, the learner is 

required to play an active role (De Corte, 2004). 

In this article, we will describe several types of programs and discuss why 

our program, Physhint, has so much promise. This program supports students 

online with freely available hints placed within a certain digital structure during 

problem-solving, and provides model answers after problem-solving such that 

students themselves can decide when to consult the help menus. We will show 

how secondary school students solve new problems and observe their use of hints 
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during the process of problem-solving and how they deal with the model answers 

after providing a solution to the problem. Our aim is to discover how these forms 

of instructional help improve students’ strategic knowledge.  

 

7.1.1 The acquisition of strategic knowledge 

A well-known model which describes the acquisition of knowledge follows from 

Anderson’s ACT theory (1983, 1995). In this model, it is suggested that first 

impressions are stored in short-term memory and when used more often they 

enter long-term memory, becoming declarative knowledge. Using this declarative 

knowledge in procedures, as well as learning when to use it, is considered to be 

how procedural knowledge is created. By doing exercises, students form 

production rules from existing declarative knowledge, ‘knowing what’ is 

converted into ‘knowing how’ (see also Glaser & Bassok, 1989). By experiencing 

successful applications of the new production rules – or procedural knowledge – 

these are strengthened. From this point of view, learning occurs by doing, 

extending declarative knowledge to procedural knowledge through problem-

solving. 

Although we stated that the learning of strategic knowledge asks for a 

different approach, its development can also be stimulated by practice. Doing 

exercises which require students to use strategic knowledge allows them to 

develop their strategic knowledge (Glaser & Bassok, 1989). From an overview 

about learning mathematics (De Corte, 2004) we can distil factors which might 

influence the development of strategic knowledge. First of all, according to De 

Corte, the learner must play an active role. This does not mean that teachers or 

other support are not needed, rather that this should be well balanced with the 

initiative of the student. Three factors influence a students’ active role: motivation, 

learning style and self-efficacy (see also Mayer, 1998).  

Secondly, De Corte points out that the support should gradually diminish in 

order to give students as much room as possible to develop their own problem-

solving strategies (Renkl et al., 2002). Thirdly, he states that successful learning is 

expected when learning occurs in a wide variety of situations so as to develop 

heuristic and metacognitive strategies as well as domain knowledge. This can be 

related to the fourth condition mentioned by De Corte, that the learning 

environment is embedded in a specific domain. Finally, De Corte emphasizes the 
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importance of stimulation and the explication of and reflection on the student’s 

approach to problem-solving. This is not only because these skills are an important 

part of strategic knowledge, but because reflection can also support the 

development of strategic knowledge. 

As De Corte states, these guidelines still need to be validated in future 

studies (see also Taconis et al., 2001, who state that research on problem-solving 

rarely takes strategic knowledge into account). As a first indication of empirical 

evidence for the statements above, De Corte mentions the work of Schoenfeld 

(1985), who showed students learning to use heuristics while doing exercises, and 

also showed improvements in the students’ control of and reflection on the 

problem-solving process.  

 

7.1.2 Design of an effective digital learning environment 

Schoenfeld (1992) is an important proponent of the approach to problem-solving in 

which students take the initiative in building up their strategic knowledge. He 

investigated expert and novice problem-solving behaviour and based on this 

research distinguished five ‘episodes’ in the process of problem-solving: 

 

• survey the problem (read, analyse) 

• activate student’s prior knowledge (explore) 

• make a plan (plan) 

• carry out the plan (implement) 

• check the answer (verify) 

 

Experts and novices differ in their approach to solving problems. Novices 

almost always immediately start work with a poorly defined plan, whereas experts 

take the time to analyse the problem and gather information before making and 

implementing a plan. Schoenfeld (1992) argued that novices need to learn to work 

through the different episodes more effectively. He showed how it was possible to 

teach students to use the episodes through questions and hints. 

An important question concerns whether all students can be instructed in 

the way that Schoenfeld suggests, regardless of their prior knowledge, or whether 

students with differing degrees of knowledge have to be offered different, ‘just-in-

time’ instruction. Moreno (2006) suggests that for most students, just-in-time 
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instruction during problem-solving may be more effective than instruction 

through worked examples prior to problem-solving. In practice this means that 

programs should contain just-in-time help during problem-solving and provide 

worked examples after the problem-solving process. The help and worked 

examples should present students with a choice of different solution methods. In 

this way students are offered structured help and feedback without being forced to 

follow a standardized solution procedure. Such an adaptive problem-solving 

program may improve students’ strategic knowledge through solving diverse 

problems. 

This idea is supported by a survey undertaken by Aleven et al. (2003) who 

distinguished four different kinds of computer instruction programs. As delimiting 

principles, they used the type of knowledge to be learned, and how this 

knowledge should be supported so as to improve problem-solving. The first type 

is the Intelligent Tutoring System (ITS) in which the computer finds a solution to a 

problem after which it guides the student in the correct direction. The second 

group of programs involves Computer-Assisted Instruction (CAI). Aleven et al. 

(2003) state that these programs are based on the principle of providing instruction 

and asking questions, then giving feedback on answers, to which end they provide 

model answers. The support is given before and after the problem-solving process, 

which is assumed to be unique. The goal of ITS as well as CAI is to improve the 

student’s declarative and procedural knowledge. Little instruction is directed at 

developing strategic knowledge which would enable students to acquire their own 

problem-solving strategies (Shute & Psotka, 1996). 

The last two groups of programs mentioned by Aleven et al. (2003) do not 

offer clearly structured support to students, but instead allow them to find out for 

themselves. In contrast to the first two kinds of programs these try to improve 

skills such as problem analysis and information searching. For instance, when 

using an Educational Hypermedia System (EHS) a student needs to solve open 

problems using help provided by information from the World Wide Web accessed 

with a search engine. The final program type mentioned by Aleven et al. (2003) is 

Project or Problem-Oriented Learning Environments (POLE). These programs are 

inspired by situated learning approaches, in the context of which problems are 

presented in computer simulations. Very often the context problems are 

complicated and the students need a high level of prior knowledge to solve them 
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(De Jong & Van Joolingen, 1998). Because of the open structure of the programs, 

they are often ineffective for novices. 

The study by Aleven et al. (2003) not only reviewed the different types of 

knowledge to be learned when solving physics problems, but also indicated the 

way in which programs can be designed to support the learning of problem-

solving techniques. In combining the practice of instruction, as described by 

Aleven, with the list of criteria provided by De Corte we see that some points 

described by the latter have been incorporated into instruction methods. For 

example, De Corte’s claim that instruction concerning strategic knowledge needs 

to be connected with a subject or domain is now a familiar aspect of instruction, 

after many researchers demonstrated the difficulty of achieving a transfer of 

knowledge from one domain to another (Bransford et al., 2000). 

An emphasis on reflection can be found in both EHS and POLE. In these 

environments, problems can only be worked out if the student appropriately 

reflects on the problem-solving process. This can also be seen as a drawback of the 

system, for, if students do not possess the reflective skills needed to solve problems 

in the program, they cannot be supported. Educational hypermedia systems and 

computer simulations aim to develop strategic knowledge to analyse complex 

problem situations and apply their content knowledge in relation to a particular 

domain. For novice problem solvers these types of programs are often too open 

and poorly structured and as such students do not succeed in solving problems 

within these environments (De Jong & Van Joolingen, 1998). There is little 

instruction available to show how problems can be analysed and solutions planned 

and executed. This means that in developing the ideal instruction method we need 

to adopt an aspect of the first two methods of instruction mentioned by Aleven et 

al. (2003), that is, the clear help which is given by ITS and CAI, while this help 

should gradually be diminished, as occurs in EHS and POLE. The aim is for 

students to reach a level which allows them to solve problems independently and 

which thus allows them to find the information needed to solve problems (Clark & 

Mayer, 2002). 

This proposal concurs with the first two points made by De Corte (2004), 

that instruction should firstly help students commence problem-solving but that 

the help should diminish with time, thus stimulating students to find their own 

way of solving problems and developing their own strategic knowledge. Anzai 
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and Yokoyama (1984) and Maccini et al. (1999) indicated that students might use 

and comprehend one hint, while at the same time not understand and thus ignore 

another. Especially in relation to novices, when giving a heuristic hint or 

instruction it should be clarified as to how to use this hint in solving the problem. 

For example, when students are told to produce a drawing concerning a particular 

problem, they must first be provided with first-hand help in drawing techniques. 

The study of the effect of a program on electric circuits by Van Gog et al. (2006), 

with procedural and content-related just-in-time instruction, should be seen in this 

light.  

In computer-assisted instruction, worked examples are often used for 

instruction, with diminishing support during practice on analogous problems (Van 

Gog, 2006; Renkl, 2002). Students receive feedback on their answers based on the 

solution procedures in the worked example. In both intelligent tutoring and 

computer-assisted instruction students are supported before and after problem-

solving.  

The Physhint program which we developed (Pol et al., 2005, 2008) is based on 

Schoenfeld’s episodes as well as on guided instruction, with students controlling the 

learning pace, the problems worked on and the hints selected. The computer 

program intends not only to provide tools to implement a solution plan, but also to 

stimulate exploration skills and reflection on the adequacy of the solution process as 

well as student control over this process. Following suggestions made by Schoenfeld 

(1992), as well as Maccini et al. (1999), the hints show students how to analyse 

applied problems and allow them to select from informal and formal solutions 

(Shute & Psotka, 1996).  

Pol et al. (2005, 2008) showed that the program was effective: the students in 

the experimental group using hints during the task and model answers afterwards 

were more competent problem solvers on a problem-solving test than those of the 

experimental group which only had the use of model answers, who, in turn, scored 

significantly higher than the students of the control group.  

Declarative and procedural knowledge about the subject was also measured 

before and after the experiment with no significant differences being found 

between the three groups. We concluded that the experimental groups were able to 

score significantly higher on the problem-solving test because of a better 

development of strategic knowledge. This means that offering hints during the 
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solving of problems as well as offering a control option which provides model 

answers after solving problems can have a positive effect on the development of 

strategic knowledge. The question that remains and the central question of this 

article concerns how these positive effects of the program occurred. 

 

7.1.3 Research question 

The central question concerns how students enhance their strategic knowledge 

(Bransford et al., 2000). We recognize some general aspects of problem-solving 

which can enhance strategic knowledge. One such aspect is that while students are 

working out problems, they are also practising problem-solving strategies. The 

effect of this practice is not just a matter of the time spent or number of tasks 

completed. As Grote (1995) and Ross and Maynes (1985) have shown, for example, 

the spread of instruction is as important for the effect of practice as is the amount. 

In relation to such methods, the general aspect of practice effectiveness can be 

analysed in relation to its effect on the enhancement of strategic knowledge.  

More specific aspects can also be considered. A possible drawback of an 

instruction program that teaches students how to solve problems is that students 

learn to follow procedures but do not generally experience essential aspects of the 

problem-solving exercises themselves. That is why worked examples with a 

diminishing supply of solutions are not very effective in teaching students how to 

solve diverse problems (Moreno, 2006). New programs are needed that guide 

students through the problem-solving process without telling them exactly what to 

do. The program should give students the experience of solving problems 

themselves, and to continue this process for as long they desire. The program 

should also offer just-in-time instruction if the student does not know how to 

proceed. This instruction should match the progression of the student in the 

solution process and at the same time clarify how to use hints to help solve the 

problem. The student should be free to choose hints.  

Another point is that expert problem solvers use systematic problem-

solving strategies (Schoenfeld, 1992). Before implementing a problem-solving plan, 

expert problem solvers spend more time on problem analysis than do novice 

problem solvers, and the former also spend more time on checking and reflecting 

on solutions. In supporting the students’ development of these problem-solving 

strategies and allowing them to experience the benefits of these strategies, we can 
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expect students to show an increase in the systematic use of help during problem-

solving. 

 

The general research question is: How does a student-controlled problem-solving 

program improve students’ strategic knowledge?  

 

Clark and Mayer (2002) state that skill development and expertise are 

strongly related to duration and efficiency of deliberate practice. The more a 

person practises, the better he or she becomes regardless of initial talent or ability. 

One important factor in practice for the development of strategic knowledge is that 

the problems should not be too complex, so that students are able to provide as 

many correct answers as possible. This is known as learning for mastery (Bloom, 

1980). 

In general we expect an increase in the practice effectiveness (Chi et al., 

1981) of the different parts of the Physhint program. By providing the students with 

more opportunities to try to solve a problem, the student becomes actively 

involved with more effective problem sequences. We expect an even greater 

increase in practice effectiveness for the group that was offered the version of the 

program with hints that could be used during problem-solving. These students can 

consult hints in cases where they are hindered in the problem-solving process, 

after which they may be able to solve the problem and have a more positive 

experience of the problem-solving processes (Clark & Mayer, 2002). 

 

Hypothesis 1: Students using a program with hints during and model answers after 

problem-solving will develop more strategic knowledge than students using a 

program with only the control option and model answers after problem-solving, who 

in turn will develop more strategic knowledge than a control group using only a 

textbook with model answers. 

 

While students experience an increase in practice effectiveness when using 

the program, the question remains concerning what is practised. In using the 

program, positive effects on the development of strategic knowledge might be 

expected from different aspects of the program, which in turn can have a positive 

effect on different aspects of strategic knowledge. Indications of positive effects on 

the development of strategic knowledge might be found during and after the 
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project by comparing results on the strategic knowledge post-test. Below we will 

discuss three different positive sub-effects: 

 

I. The different hints, as well as the model answers, emphasize the different ways 

of analysing the problems of the project. When using the hints, as well as 

consulting the model answers, students can reinforce their strategic knowledge 

concerning problem-solving and may extend the pallet of heuristics and algorithms 

they can use to analyse a problem (Maccini et al., 1999; Schoenfeld, 1992). This 

means that students who consult the hints will increase the number of problems 

answered correctly during the project and thus increase the number of positive 

experiences associated with working out a correct plan. Compared with students 

who are not offered the hints during problem-solving, those who can consult hints 

will show an increase in the ways used to analyse problems after the completion of 

the project (De Corte, 2004). The group offered different model answers only after 

problem-solving might also profit from this effect, although less than the control 

group. 

 

Hypothesis 2: Students using the program with hints during problem-solving, a 

control option and model answers after problem-solving will learn to use a greater 

variety of ways of analysing problems (heuristics and algorithms) than students 

using the program with only the control option and model answers after problem-

solving, who in turn will learn to use a greater variety of ways of analysing 

problems than the control group which only used a textbook with model answers.  

 

II. When offering students the version of the program with hints, control option 

and model answers we expect students to move from the novice approach to 

problem-solving (according to Schoenfeld, 1992) to the expert approach, that is, 

students will be more likely to follow the systematic sequence as mentioned by 

Schoenfeld. This means that they follow the sequence of analysis, exploration, 

planning, implementation and verification to a greater extent while using the 

program. 

 

Hypothesis 3: Students using the program with hints during problem-solving, a 

control option and model answers after problem-solving will show an increase in the 

systematic use of hints during the project. 
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III. The hints available during the solving of problems will stimulate students to 

increasingly evaluate the problem-solving process. When using hints during the 

solution process, they are given the opportunity to check the way they are working 

out a problem. Compared with the textbook version with model answers, the 

model answers of the program point to different possible ways of solving a 

problem. Thus an increase in evaluation and reflection on the problem-solving 

process may also be expected because of the control option and the different model 

answers offered by the program (Schoenfeld, 1992). An increase in control and 

reflection (the use of model answers) thus might be expected, especially after a 

correctly solved problem. 

 

Hypothesis 4: Students using the program with hints during problem-solving, a 

control option and model answers after problem-solving will show an increase in the 

systematic use of model answers during the project (more use of model answers after 

correctly answering a problem). 

 

The aim of this paper is to analyse how students use the hints and develop 

their strategic knowledge and how this improves their problem-solving abilities as 

measured by a problem-solving post-test. In order to discover the specific effects of 

the offering of hints during problem-solving, compared with the effect of offering 

model answers after problem-solving, two versions of the program were tested 

and compared with the control group. Students of the During/After group (DA 

group) used a version of the program with hints during problem-solving and 

model answers after problem-solving, while the After group (A group) used a 

version of the program with only model answers after problem-solving. The 

control group worked out problems in the classroom, using the textbook with 

problems and model answers. 

 An interesting point which will be considered in the analysis is a possible 

gradation in the effects we expect for the different experimental conditions. 

Because of the absence of support during problem-solving, students with a higher 

level of strategic knowledge might profit more in the A group. In the DA group, 

we expect that students with a lower level of strategic knowledge might profit 

more from the intensive help offered by the program (Reislein et al., 2006). 
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 Another aspect which needs to be considered is the influence of motivation 

(De Corte, 2004). Although not measured directly in this experiment, it not only 

influences the learning effects of the project on an individual level, but also affects 

the use of the different tools involved in the project. In the discussion we will also 

take this important aspect into account.  

 

7.2 The Physhint program 

 

Inspired by Schoenfeld’s episodes (1992), we constructed a web-based computer 

program which supports novices attempting to solve physics problems concerned 

with forces (Pol et al., 2005, 2008). The aim of the program is to enhance the 

development of problem-solving abilities by offering problems that can be 

completed with the help of the program. The help is structured according to 

Schoenfeld’s five episodes of systematic problem-solving: survey the problem 

(read, analyse), activate knowledge (explore), make a plan (plan), carry out the 

plan (implement) and check the answer (verify). Our program provides hints for 

these episodes. The hints show students how applied problems can be analysed 

and allow them to choose between informal and formal solution strategies 

(Maccini et al., 1999). The students may freely choose hints with declarative, 

procedural or strategic knowledge. The program does not dictate strict problem-

solving steps but gives students room to develop an individual problem-solving 

strategy. The rationale is that the best way to develop the problem-solving abilities 

of novices is to support them with a system that gives sufficient room to develop 

strategic knowledge that fits their way of learning. Students need to acquire a 

flexible problem-solving strategy to enable them to tackle different types of 

problems (Reif, 1995). 

Regarding the level of the problems, Joshua and Dupin (1991) have shown 

that the teacher will often find the problems easy to solve, whereas the students are 

quite often unable. In matching the level of the problems to the prior knowledge of 

the students, one should be conscious of not making the problems and thus the use 

of help too difficult. At the same time, the level of the problems should not be 

made too easy. Problem-solving can only be learned in a situation where students 

indirectly have all the required information at their disposal but still need to be 

challenged (see, for example, Van Heuvelen, 1991 a, b). The necessary level of 
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complexity of the problems and the hints, which is neither too complicated nor too 

simple, has been tested in an exploratory study by Pol et al. (2005). 

Figure 7.1 shows the computer screen as seen by the students. The problem 

is on the left of the screen. 

 

 
Figure 7.1: Problem 77 from the Physhint computer program (original from Middelink et al., 1998) 

 

The hints menu is on the right. In solving a problem, students can choose 

additional instruction by clicking on a toolbar which offers a short description of 

different kinds of hints available. Students are not presented with the different 

episodes in advance, but experience the value of the hints of the different episodes 

by using them. The idea is that when students are using hints and solving 

problems in a productive way they are in fact working through Schoenfeld’s 

episodes. Within each of the episodes, students may encounter difficulties in the 

problem-solving process. By offering hints for each episode, the student can use 

different solution methods to continue the solving process and finish the task. The 

hints occur under the headings of Survey (Schoenfeld’s episodes: ‘read’ and 

‘analyse’), Tools (‘explore’) and Plan (‘plan’). When clicking on a hint, the text of 

this hint replaces the hint menu. At the bottom of the hint, the student can click on 

a BACK-button to go back to the hint menu. After answering, students are allowed 

Survey 

   Forces or torque? 

   Drawing: Forces? 

   Drawing: Torque? 

Tools 

   Forces? 

   Torque? 

    
Plan 

   Forces? 

   Torque?  

 

The figure shows a security valve of a steam boiler. The pressure under 

the valve is so high that the valve is just at rest. For the calculation, the 

mass of the valve and bar may be ignored in comparison with the mass of 

L. 

Calculate the absolute magnitude of the force as performed by the 

steam at S on the bar. 

Forces working on a steam 

valve 

Answer 

Back 

  Answer(s): 
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to check and reflect on their solution (‘verify’). Students have three opportunities 

to check their solution against the model answer, during which time they can 

continue to consult hints. The hints given for Problem 77 are shown in Figure 7.2.  

 

 
 

 

Figure 7.2: Hints for Problem 77 using the episodes Survey, Tools and Plan 

 

Hints accompanying the first episode discuss the problem situation, mostly 

using informal methods such as a scheme, table or simple numerical calculation. 

The intention of these hints is not only to provide help, but also to demonstrate the 

usefulness of these informal methods and to stimulate their use. However, hints in 

the computer program not only consist of common descriptions of a certain action 

but are almost always linked to a specific domain of declarative and procedural 

knowledge needed for the problem. 

In Tools students need to choose which domain-specific declarative and 

procedural knowledge is needed to solve the problem using certain definitions that 

are discussed under this menu. Declarative hints are especially important because 

Survey 

 Forces or torque? 

This problem can be solved by looking at the forces working on the bar with valve or at 

the torque working on the bar with valve. In both cases it can be posited that the bar is 

not moving or will not move so that the sum of the torque is zero as well as the sum of 

the forces working on the bar. 

 Drawing: Forces? 

 Make a drawing of all the forces working on the valve.  

 Drawing: Torque? 

 Make a drawing of the torque working on the valve and the turning point S. 

Tools 

 Forces? 

 The sum of the forces working on the bar is 0 N (in all directions). 

 Torque? 

Independent of the turning point chosen, the sum of the torques working on the bar will 

always be 0 Nm. 

Plan 

 Forces? 

Because the bar with valve is standing still and does not have an acceleration, the sum 

of the forces working on the bar should be 0 N. The force of the steam and L working on 

the bar are already known (from problem 76: FSteam = 54 N).  Make a drawing of the bar, 

including these forces. Look for the missing force. 

 Torque?  

In this case you want to calculate the force working on the bar at S. In the last question 

we had defined point S as the turning point, which makes it impossible to calculate the 

force working on point S. Take another turning point around which the different torques 

are working (take the valve, for example). In this case again the sum of the torques 

should be 0 Nm. 



 172 

in this phase of the problem-solving process students may need to be guided away 

from possibly incorrect physical representations of the problem and directed 

towards the correct one. Heuristic hints are needed for this guidance, but there can 

also be a simple lack of domain-specific declarative and procedural knowledge.  

If the help offered under the Survey and Tools episodes is insufficient, a hint 

in the Plan episode is called for. Plan hints focus on the different ways of solving 

the problem and on helping the students when they are about halfway through the 

solution process. Very often students can choose from various solution methods – 

in this case there are two. 

While engaged in the program students can attempt to answer up to three 

times, with the computer comparing their answer with the correct one. After the 

final attempt, students are given a menu with short descriptions of the model 

answers. They can consult one or more of these. The different model answers may 

cover informal solution methods (such as tables or numerical calculation) or formal 

solution methods (such as formulas or algebraic equations). The function of the 

model answer is to support reflection on the solution process. Figure 7.3 gives 

possible formal solutions for Problem 77. 

 

 
 

Figure 7.3: Model answers for Problem 77 

 

7.3 Methodology 

 

7.3.1 Embedding the computer program in the lesson plan 

One of our starting points is that our computer program should be an integral part 

of the standard physics lessons taught in Dutch secondary schools. In typical 

Model 

 Calculation with forces:  

 The bar with valve is in equilibrium => Σ F = 0 

FZ,L↓ + FValve↑ + FS = 0 

Choose the upwards direction + 

– 1.85x9.8 + 54 + FS = 0 

FS =  –36  N 

 

 Calculation with torque: 

 The bar with valve is in equilibrium =>  

Take the valve as fulcrum => Torque with fulcrum valve 

� Σ M = 0 according to valve � FS . dS – FL . dL = 0  

Fill in the known values: FS . 0.10 – 1.85 x 9.8 . 0.20 = 0  

� FS = –36 N 
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school practice there is a combination of brief instruction for the whole group, 

independent work, practical work and discussion of some of the completed 

problems. Table 7.1 shows how the different ways of instruction were 

implemented in the experiment. 

The problems were undertaken independently, with students from the 

control group staying in the classroom under the guidance of the teacher, while 

students from the two experimental groups went to the computer room. The 

schedule in Table 7.1 shows that instruction and individual practice in the research 

groups were alternated during the whole sequence. Students from the control 

group undertook up to 57 problems from the textbook. In Lessons 1–3 (Problems 

1–16) the topic of vectors was taught, Lessons 4–7 (Problems 17–38) dealt with 

Newton’s laws and in Lessons 8–14 (Problems 39–57) the concept of torque was 

introduced and combined with the other two topics.  

In the textbook version, difficult problems were made easier by the addition 

of a total of 33 sub-questions, thus giving the students some direction for finishing 

the problem. The problems undertaken by the students in the experimental groups 

were the same as those given to the control group; however, the sub-questions 

were left out of the sequence, making a total of 57 problems available for the 

students of the experimental groups. All students attempted the problems at 

school as well as at home. To check the answers and verify the solutions, a solution 

manual was available to the students in the control group.  

During independent work, the teacher acts as a mentor and is available to 

answer students’ questions. If students do not manage to solve a problem 

themselves, however, they often prefer to consult the freely available answers in 

their textbook instead of asking the teacher for feedback on their solution process. 

When they think they understand the problem and its solution they move on to the 

next problem. 

Physhint can play an important role in the independent work sessions of the 

students. When students are stumped, the program does not offer a model answer 

directly. Instead students can choose from hints with just-in-time instruction, after 

which they can continue the problem-solving process. As the program takes on the 

role of teacher, the student no longer needs to ask a person but can simply click on 

a hint associated with the episode he or she could not successfully work out 

without help. 
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Table 7.1: Lesson plan 

Lesson Content of the lesson 

and homework 

Subject content 

1 Instruction 

(whole lesson) 

Problems: 1–2 

Explanation of the principle of superposition: 

- Vector versus scalar 

- Composing forces, goniometry and construction 

2 Instruction (15 min.) 

Independent work 

Problems: 3–14 

Explanation of: 

- Resolving forces in rectangular components 

- Resolving forces in other components 

3 Independent work 

Problems: 15–16 

 

4 Instruction and demo 

(15 min.) 

Independent work 

Problems: 17–19 

Explanation of: 

- Newton’s first law 

Demonstration: Cart on an air track 

5 Instruction (5 min.) 

Independent work 

Problems: 20–24 

Explanation of: 

- Newton’s second law 

 

6 Demo and Practical work 

(whole lesson) 

Demonstration:  

-       Computer measurement table 

-       Acceleration of a car by a small weight 

Practical work: Carrying out measurements at the table in 

groups. 

7 Independent work 

Problems: 25–30 

 

8 Instruction (10 min.) 

Independent work 

Problems: 31–38 

Explanation of: 

- Centre of gravity of an object and torque 

9 Independent work 

Problems: 39–45 

 

10 Working out problems as 

a class (whole lesson) 

4 Problems about torques are presented. Students are given 

time to work out the problems. Check and reflection within 

the group afterwards.  

11 Instruction (10 min.) 

Independent work 

Problems: 45–50 

Explanation: 

- Check and reflection on problem 4 from lesson 10 

 

12 Practical work 

(whole lesson) 

Practical work: Working in groups of 3–4 students on torque. 

Different situations to be calculated and measured. 

13 Independent work 

Problems: 51–57 

 

14 Instruction 

(whole lesson) 

 

Explanation of: 

- Fixed pulley versus loose pulley 

- Calculation of forces at a turning point 
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7.3.2 Design of the study 

An experimental pre-test/post-test randomized group design was used in the 

research. The 15 to 16-year-old participants (grade 10, first year of upper-level pre-

university education) in the experiment were taken from five classes from four 

secondary schools in the Netherlands with average physics examination results. In 

each class, students were randomly assigned to one of the three groups: 

 

• The DA group had support from the complete computer program: students 

were able to use hints, to use the control option of the computer program 

and, after answering, to compare their solution to the problem with the 

worked examples given by the computer program. 

• The A group was given the same computer program, but students were 

restricted to viewing the problems, the use of the control option and the 

worked examples. The difference with the first group is the absence of hints 

for the Survey, Tools and Plan episodes during the problem-solving process. 

• The control group received the problems on paper, accompanied by 33 sub-

questions, and students were able to check the answers and solutions with 

the help of the textbook and the solutions manual. This group’s support 

only consisted of access to the model answers provided by the manual. The 

control group represents the usual practice in physics classes. 

 

The procedure consisted of a pre-test of problem-solving ability followed by 

the treatment and finally a post-test of problem-solving ability. A schedule for the 

procedure can be found in Figure 7.4. 

 

 
Figure 7.4: Schedule for the procedure of the experiment 

 

- Pre-test  

  problem- 

  solving 

  ability 

Experimental DA Group: Treatment 

Program with hints and model answers 

Experimental A Group: Treatment 

Program with model answers 

Control C Group: Treatment Textbook with 

model answers 

- Post-test  

  problem- 

  solving 

  ability 

 

       Week 1                 Weeks 2–9                Weeks 10–11 
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7.3.3 Log files  

During the solution process the use of episodes and hints by the students of both 

experimental groups was analysed by means of the log file created by the Physhint 

program. All problems, hints and solutions were incorporated as separate files 

which could be accessed individually by the student. Each time a student clicked 

on and accessed a problem, a hint or a model answer, this action was logged on the 

computer server together with the identity of the student and the time of the 

action. In addition, any check of a completed answer was also logged by the 

program. 

For the students in the control group, the teacher checked the number of 

problems worked out by the students and kept a record of the correctly solved 

problems. The students kept a record of the time they spent on each problem. 

 

7.3.4 Pre and post-tests 

All students took a pre-test and a post-test consisting of applied physics problems. 

Their scores were used to analyse the differences between the three conditions 

with respect to their ability to solve problems. The pre-test consisted of six applied 

problems on topics which had been taught during the previous two years. The 

problems were set in situations not previously encountered by the students. The 

subjects of the pre-test were distance, velocity and acceleration.  

When solving the problems in the pre-test the students were asked to state 

explicitly how they analysed the problem, came up with a solution plan, and how 

they checked their solution. The various episodes were marked with maximums of 

two, six and two points, respectively, making a possible total of 60 points for the 

pre-test.  

 The post-test consisted of five applied problems on the subjects of forces 

and torque in situations not previously encountered by the students. As in the pre-

test, the students had the opportunity to demonstrate their ability to fill in the 

episodes ‘analyse,’ ‘plan’ and ‘verify the solution’. Again, marking was done with 

respective maximums of two, six and two points, making a possible total of 50 

points. 

The reliability (internal consistency) of the problem-solving pre-test as 

shown by Cronbach’s alpha is 0.81 and that for the problem-solving post-test alpha 

is 0.80. The correlation between both problem-solving tests is r = 0.40 (p < 0.01). 
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The pre-test and post-test were rated by one observer. A random check of the tests 

of 20 students by a second observer resulted in correlations of between 0.60 and 

0.95 for the different items, with an average of 0.82. This means the scoring 

procedure for the test has sufficient inter-rater reliability. The overall reliability of 

the two tests was sufficient to use the tests to compare group means.  

 

7.3.5 Sample survey 

The experiment started with a total of 78 students from four schools. A total of 19 

students did not complete the experiment. The primary reason for this was 

students dropping out of school. In the Dutch secondary school system students 

must complete four terms in a year, each of which are tested. After three terms, 

some students realize that they have no chance of passing so they drop out and 

often start again the following school year. Another reason for the experiment 

being incomplete in groups DA and A was computer malfunction at home. The 

total dropout rate was not significantly different for the three groups (Pearson’s 

Chi-square = 0.16, p = 0.92). The total number of students participating in the 

experiment was: 18 in the DA group (10 boys, 8 girls), 18 in the A group (11 boys, 7 

girls) and 23 in the control group (12 girls, 11 boys). 

 

7.3.6 Analysis 

The first part of the analyses considers possible cause and effect combinations, as 

expected when students use the program. Subsequently, we will look at 

supporting data by examining correlations between different aspects of the 

problem-solving process, the use of the program, and the scores on the pre and 

post-tests. 

Descriptive techniques and contrast analysis are used to describe the data 

on the use of hints, and the results of the tests for the different experimental groups 

taking part. The effects of different aspects of Physhint on the problem-solving 

post-test are tested using covariance analysis. Furthermore, within the different 

groups, possible connections between the use of hints, correctly solving problems 

in Physhint and scores on the post-test are studied using correlation analysis. In 

order to reveal possible developments in the (systematic) use of the help of the 

program, the students’ use of the program in the first part of the project was 

compared with that in the final part.  
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7.4 Results 

 

The main research question of this study is: How does a student-controlled 

problem-solving program that provides hints during problem-solving and model 

answers afterwards improve students’ strategic knowledge? The first two 

subsections (7.4.1 and 7.4.2) each contain analyses which support or refute the 

existence of the first two effects as suggested by our hypotheses. The data 

concerned with the final two hypotheses are combined as the basis for discussion 

in the third subsection (7.4.3). 

In order to analyse the different possible effects, we will first have to look at 

the implementation of the program. The data might provide insight into the 

presence of differences in the practice and number of problems finished between 

both experimental groups and the control group, as well as the possibility of 

different effects. In the second part of each section the pre and post-tests for the 

different groups will be analysed looking for possible clues to explain the different 

effects.  

 

7.4.1 Practice effectiveness 

The main effect we expect is practice effectiveness influenced by the use of hints 

and the availability of the control option in the program. As such it will be 

considered first. The expected practice effectiveness can then support, for example, 

the application of domain knowledge. Although domain-specific knowledge itself 

did not increase as a result of the intervention (Pol et al., 2008), the program can 

stimulate the self-efficacy and persistence of students in solving problems.  

 

Use of the program 

First, the general use of the program will be analysed to find possible signs of an 

increase in practice effectiveness. All students received 14 lessons of 45 minutes in 

which classroom teaching, practical work and demonstrations were alternated 

with independent work. Instruction and practical work were the same for both 

experimental groups and the control group. During independent work, the control 

group worked on the 57 problems in the classroom or at home, with 33 sub-

problems in the textbook. The control group could check answers with the help of 

the answer book available to every student. Both experimental groups undertook 

the same 57 problems, using Physhint in the computer room or at home and 
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making use of the hints in the program. The number of problems undertaken by 

the students of the different groups can be found in Table 7.2. 

 

Table 7.2: Number of the 57 problems undertaken and percentage answered correctly for all groups 

(Data taken from Pol et al., 2008) 

 Number of 

students 

Average no. of 

problems undertaken 

(std.) 

Average no. of problems answered 

correctly, as percentage of problems 

undertaken (std.) 

Exp. DA group  18 45.1 (12.8) 78.2 (10.5)% 

Exp. A group  18 47.0 (10.8) 81.9 (10.2)% 

Control group 23 47.0 (11.7) 68.7 (11.1)% 

 

The table indicates that the average number of problems undertaken by the 

students of both experimental groups and the control group does not differ 

greatly. An analysis of variance showed no significant difference (F = 0.15; p = 0.86, 

ns). However, there is a significant difference between the groups in relation to the 

percentage of problems answered correctly. In the experimental groups more 

problems were solved correctly than in the control group (F = 8.5; p < 0.001). A 

contrast analysis showed significant contrast estimates between the DA group and 

the control group (estimate = 0.095; p = 0.006) and between the A group and the 

control group (estimate = 0.132; p = 0.000). This is a first indication of an increase in 

practice effectiveness for both experimental groups. This result can be attributed to 

the fact that the students in both experimental groups were allowed to answer a 

maximum of three times before they consulted the model answers. In addition, the 

DA group could use hints during problem-solving. The students working with the 

textbook could only check the correct solution after trying to solve a problem once. 

If the students needed further feedback they could consult their teacher. To check 

if the DA group also experienced an increase in practice effectiveness due to the 

hints and/or because of the availability of hints, we looked at the use of the hints 

by the DA group and the time spent on solving the problems. Table 7.3 presents 

the average percentage of problems for which hints and model answers were used 

by the students of both experimental groups, as well as the total time spent on the 

project.  
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Table 7.3: Implementation of the computer program of DA group and A group: use of hints 

(percentages of number of tasks worked out for which hint was used); and time spent on using the 

program 

 DA group (n = 18) A group (n = 18) 

Hints used of Survey a/o Tools a/o Plan (%, std.) 51.1 (22.5) - 

Survey used (%, std)  35.8 (21.4) - 

Tools used (%, std)  36.2 (23.1) - 

Plan used (%, std)  38.1 (23.4) - 

Model used (%, std)  41.9 (29.7) 43.3 (27.6) 

Total computer time (sec., std)1  8364 (3312) 7986 (2975) 

Average computer time per problem (sec., std)  183 (41) 168 (40) 

1 Total recorded time-use of program during lessons. Due to a software error, recording of student 

activity did not start after log on, but after the first user action. As a result the total computer time 

recorded is expected to be slightly higher for the DA group. 

 

From Table 7.3 it appears that there is neither a significant difference in the 

total computer time spent on solving problems nor in the average time spent on 

solving each problem. Time spent on the project by the students of the control 

group could not be as easily measured. However, the simple calculation which can 

be made from the timetable in Table 7.1 suggests the possibility that a much higher 

amount of total time was spent on solving problems6. 

In comparing the three groups, we therefore can conclude firstly that the 

experimental groups did not spend more time on solving problems than the 

students of the control group and secondly that both experimental groups spent a 

comparable amount of time on solving problems. 

To gain more insight into the instructional value of hints, we checked 

whether there was a relationship between the use of different kinds of help and the 

percentage of problems in the program answered correctly. We wanted to 

investigate whether the help provided during problem-solving had a positive 

effect on solving a problem. From Table 7.3 we can infer that students consulted 

hints for many problems. On average the students of the DA group used hints 

                                                 
6
 In sum, students of the control group had 350 minutes of independent working time available. 

However, this maximum of 21,000 seconds, found from the calculation, is not easy to compare with the 
computer time in Table 7.3. The computer time is a more realistic estimation of the time spent on actually 
solving problems. In the classroom, as well as within both computer groups, other events occur which also 
take time. For example, introducing the lesson, finishing the lesson, or going to the computer room. All this 
time is taken into account when calculating the maximum time possible which could be spent by the control 
group, but it is not included in the time as measured by the computer. 
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from the different episodes for 36–38% of the problems worked out. On average, 

students consulted hints for at least one of the episodes in relation to 51% of the 

problems worked out. The percentages of model use are comparable for both 

experimental groups, and this is interesting in that it contradicts our expectations. 

Although the A group did not have access to hints during the solving process, on 

average they did not consult a significantly higher number of model answers than 

the DA group.  

The next question is whether students who used more hints also answered 

more problems correctly during the project. The results of the analysis of partial 

correlations can be found in Table 7.4. 

 

Table 7.4: Partial correlations, controlled for pre-test PS between percentage of problems answered 

correctly and the percentages for use of the different kinds of help (DA group; n = 18) 

Partial correlations  % use Survey, 

Tools and/or Plan 

% use of 

Survey 

% use of 

Tools 

% use of 

Plan 

% use of 

Model 

% correctly answered of 

problems undertaken 

0.35 

(p < 0.10) 

0.43 

(p < 0.05) 

0.40 

(p < 0.10) 

0.33 

(p < 0.10) 

0.35 

(p < 0.10) 

 

For the DA group, the table shows the tendency to use all three kinds of 

hints during the solving of problems in correlation with the correct solving of 

problems. The ‘use of survey’ correlated significantly (within 0.05) with the 

percentage of correctly answered hints, the others correlated significantly within 

0.10. This gives an indication that all types of hints helped the students from the 

DA group to solve problems during the project. The use of model answers by the 

A group shows no positive tendency in the partial correlation (α = -0.05; ns). This 

might be an indication of a difference in the use of the program by the DA group 

compared with the A group – students of the DA group who profited from the 

total version of the program use more model answers. The students of the A group 

do not show any tendency towards a correlation between the percentage use of 

model answers and the percentage of correctly answered problems. Students of 

this group might reason that when their answer to a problem is incorrect they need 

to consult the model answer. This supports our idea that the DA group experiences 

an increase in practice effectiveness because of the hints. As the A group did not 

have the hints available, the practice effect must have come from the control option 

of the program. 
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Final results for the students of the different groups 

After finding an increase in practice effectiveness during the project, the question 

remains as to whether one of the experimental conditions is favourable to the 

development of strategic knowledge. To find an answer to this question, the 

differences will be further analysed in the next section. In order to relate effective 

work on the problems during the project to results on the post-test, the results of 

the students from the different experimental groups on the pre and post-tests are 

presented in Table 7.5.  

 

Table 7.5: Students’ test scores: means and standard deviations (Data from Pol et al., 2008)  

 DA group 

Mean (std.) 

A group 

Mean (std.) 

Control group 

Mean (std.) 

Pre-test PS (0 – 60) 32.8 (10.1) 32.3 (9.7) 32.4 (10.6) 

Post-test PS (0 – 50) 30.7 (6.1) 26.1 (10.5) 21.9 (8.0) 

 

An analysis of variance showed that the average pre-test results of the three 

groups did not differ significantly. We can therefore assume that the initial state of 

problem-solving behaviour is comparable between the three groups of students. 

An analysis of covariance between the three conditions, with the post-test scores as 

the dependent variable and the pre-test scores as the covariate, showed no 

significant interaction effects. However, the average scores of the experimental 

groups for the post-test were significantly higher than the average score of the 

control group (F = 6.19, p = 0.004). A contrast analysis of the data showed 

significant differences between the DA group and A group (contrast estimate 

4.283, p < 0.05), as well as between the A group and the control group (contrast 

estimate 4.085, p < 0.05).  

An analysis of the correlations between the number of problems worked out 

by the students of the different experimental groups and the scores on the 

problem-solving post-test (corrected for the problem-solving pre-test scores) also 

showed evidence of the instructional value of practising in different settings. Table 

7.6 shows the correlations between the number of problems worked out within a 

group and the corrected scores on the problem-solving post-test. 
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Table 7.6: Partial correlations between number of problems carried out by the students and 

problem-solving (PS) post-test scores (corrected for the PS pre-test scores) of the different groups 

Group  DA group (n = 18) A group (n = 18) Control group (n = 23) 

Corrected correlation 0.470; p = 0.03 0.394; p = 0.06 0.299; p = 0.09 

 

As can be seen in Table 7.6, practice pays off. These correlations also show 

that it was more effective in the DA group and the A group. Taking into account 

the larger number of students in the control group, we see larger correlations for 

the A group than the control group, and again even larger correlations for the DA 

group when compared with the A group. Thus the use of the program itself (the 

control option of the program, for example) influences the effectiveness of practice, 

and the availability of hints is again shown to make an additional difference. 

The information from Table 7.5 shows clearly that students in the 

experimental groups have higher scores on the problem-solving post-test than the 

control group. Table 7.2 shows that the experimental groups completed more 

problems correctly. The higher score of the experimental groups on the post-test 

could partly be caused by the fact that the students in these groups had more 

opportunity to practise/check the correctness of the solution during problem-

solving, in conjunction with the use of information on adequate solving methods, 

and consequently were able to solve more problems correctly than the students in 

the control group. The higher scores in the DA group can be attributed firstly to 

the effect of just-in-time information on resolving difficulties encountered during 

problem-solving, thereby providing students with the necessary knowledge and 

tools while simultaneously strengthening and facilitating systematic problem-

solving, and secondly to the effect of receiving feedback on the correctness of the 

answer resulting from the solution method (an increase in practice effectiveness). 

The scores of the A group can be attributed mainly to the facilitation of the 

students through the provision of model answers to different problems and an 

increase in practice effectiveness stimulated by the control option of the program. 

An analysis of correlations between the use of model answers during the 

project and the scores on the problem-solving post-test (corrected for the pre-test 

scores) supports our idea of an effect of the use of model answers on the scores of 

the A group. This correlation is significant for the DA group (r = -0.411, p = 0.045) 

as well as the A group (r = 0.432, p = 0.037), but while the correlation is positive for 

the A group, it is negative for the DA group. Students in the A group scored higher 
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on the post-test if they made more use of the model answers, while students in the 

DA group who scored higher on the post-test made less use of model answers 

during the project. This score emphasizes the effect of the availability of model 

answers for the A group, but also questions the source of the effect for the DA 

group. This will be the next point to be considered.   

  

7.4.2 Use of heuristics and algorithms, plan-making 

The first investigated sub-effect is the possible development of the use of heuristics 

and the making of a plan. In relation to plan-making, data will be presented which 

supports the presence of this effect during the project. In relation to heuristics and 

algorithms we will examine the methods used by the students of the different 

groups when analysing problems in the post-test, and compare these with the 

methods used in the pre-test. We especially expect to find an increase in these 

features for the DA group, but because of the availability of model answers we 

might also find a minor effect for the A group.  

  

Plan-making during the project 

Students who develop their problem-solving capability will use fewer hints during 

the project. In order to investigate any development in the use of hints by the 

students of both experimental groups, we counted the number of problems for 

which hints were consulted within two periods of the project. The periods were 

divided according to the topics taught: the first period, comprising problems 1–38, 

dealt with vectors and Newton’s laws, and the second period, comprising 

problems 39–57, dealt with torque. 

Table 7.7 first presents data on the average percentage of problems 

completed and solved correctly in the two periods for both experimental groups 

and then shows the average percentages of problems for which the students used 

hints for the episodes, Survey, Tools, Plan, and finally whether they consulted 

models.  
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Table 7.7: Comparison of use of the program by the students of the DA group (n = 18) and A group (n = 18) for 

the first and second periods of the project. First, the percentage of the total number of problems which were 

undertaken by the students is given, followed by the percentage of problems undertaken by the students that 

were answered correctly, and finally the percentage of problems undertaken for which hints were used.     

 Group First period Second period 

    

  % of total number of problems: % 

(std) 

Problems undertaken  DA 88.6 (16.3) 68.1 (33.1) 

Problems undertaken A 90.1 (14.6) 66.9 (33.8) 

    

  % of problems undertaken: % (std.) 

Problems answered correctly  DA 79.9 (10.2) 73.0 (28.6) 

Problems answered correctly  A 80.8 (10.9) 79.4 (25.0) 

    

  % of problems undertaken: % (std.) 

Problems, Survey was consulted  DA 38.2 (22.5) 23.6 (23.4) 

Problems, Tools was consulted  DA 38.3 (23.1) 23.6 (29.7) 

Problems, Plan was consulted  DA 41.3 (23.3) 20.5 (25.7) 

Problems, Survey, Tools and/or Plan consulted  DA 53.2 (22.0) 31.7 (31.0) 

Problems, model was consulted  DA 41.8 (28.4) 39.1 (40.3) 

Problems, model was consulted  A 45.4 (29.2) 35.2 (29.2) 

 

The percentage of problems undertaken is higher in period 1 than in period 

2. This may be due to differences between both periods in terms of the actual time 

available to students and the time they needed to solve the problems. It may also 

be because, in period 2, the students encountered problems that were more 

complex than in the first period. Table 7.7 suggests that, for the DA group, in the 

second period fewer problems were solved correctly than in the first period. 

However, the difference between both periods for the DA group, as well as for the 

A group is not significant (t = 1.005; ns: t = 0.258; ns. respectively). 

For the DA group, statistical analysis showed significant differences in the 

percentage of problems for which survey and/or tools and/or plan were consulted 

in both periods (t = 2.959; p = 0.0045, one-tailed tests), as well as for the percentage 

of problems for which the different hints were used (Survey: t = 2.646; p = 0.009; 

Tools: t = 2.283; p = 0.018; Plan: t = 3.334; p = 0.002; all one-tailed tests). For the A 

group the use of model answers also decreased significantly (t = 2.232; p = 0.020, 

one tailed-test), while for the DA group the use of model answers remained the 
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same (t = 0.427; ns). In the second period, the students in the DA group used fewer 

hints in trying to solve the problems. This can be seen in the light of a development 

in learning to solve the problems of the project. Students learn by doing – they still 

have to cope with the problems, but know and better understand the function of 

the hints. Perhaps that is why they used the hints less frequently. In order to 

combine these data with an increase in the development of plan-making and the 

use of heuristics, we have to look at the post-tests to find an increase in both of 

these aspects of strategic knowledge. 

 

Improvement in the use of heuristics and algorithms 

To obtain a clear view of improvements or otherwise in the use of heuristics and 

algorithms, we analysed variety in the use of heuristics and algorithms in the 

problem-solving pre-test and post-test. All of the students’ solutions to the 

different problems in the pre-test (6 problems) and post-test (5 problems) were 

categorized. In total, six different ways of analysing a problem were found: 

 

1. Use of a known formula or equation: after listing the usable information from 

the problem description, students directly apply one or more formulas, thus 

finishing the problem. 

2. Reasoning with numbers: after listing the usable information from the problem 

description, students directly start to calculate answers without the apparent 

use of formulas. 

3. Numerical examples: calculations are made for different situations. The 

expected answer to the problem is found through interpolation. 

4. Graphical method: after listing the usable information from the problem 

description, students make a sketch of the situation, or produce a diagram on 

the basis of which they can find the first part of a solution to the problem. 

5. Use of a self-constructed equation: from the given information, students 

themselves construct an equation or formula, with which they are able to find 

the first part of the solution to the problem. 

6. Reasoning without calculation: with the information given, students begin 

qualitative reasoning which leads to the answer. 
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Table 7.8 presents the average number of different ways used by the 

students of the different groups to solve problems, as counted in the pre-test and 

post-test. 

 

Table 7.8: Number of different ways to solve problems as used by the students in the pre-test and 

post-test  

Average number of different ways used 

to solve the problems of the test 

Pre-test problem-solving 

(std.) (total = 6 problems) 

Post-test problem-solving 

(std.) (total = 5 problems) 

Exp. DA group 3.00 (0.84) 3.22 (0.65) 

Exp. A group 3.00 (0.91) 2.44 (0.78) 

Control group 2.83 (0.78) 2.39 (0.72) 

 

An analysis of variance showed the average number of different ways used to 

solve problems found in the pre-tests did not differ significantly. We therefore 

assume that, initially, problem-solving behaviour is again comparable in the three 

groups of students. An analysis of covariance between the three conditions, with 

the number of ways in which problems were solved in the post-test as the 

dependent variable and the pre-test scores as the covariate, showed no significant 

interaction effects. We found a significant effect between the groups (F = 7.81, p = 

0.001). A Helmert contrast analysis of the data showed a significant difference 

between the experimental DA group and both of the other groups (contrast 

estimate 0.709, p = 0.001). No significant difference was found between the A 

group and the control group. This means that after the project the DA group used 

a significantly broader pallet of heuristics and algorithms than the A group and 

control group. 

 

Plan-making after the project 

We subsequently investigated whether there was evidence for a positive 

relationship between the percentage of correct answers achieved during the project 

and the post-test scores of both experimental groups. We expected that in the 

experimental groups the correlation between problems finished correctly during 

the project and post-test scores would be higher than the correlation in the control 

group since in the experimental groups students had three opportunities or trials 

to find a correct answer and receive corrective feedback as well as obtain help if it 

was required. The control group students had textbooks but received no feedback 
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on their answers until they had completed a problem and were allowed to check 

the answers. These students could only use the instructions and worked examples 

in their textbook to help them solve the problems.  

 

Table 7.9: Partial correlations between percentages of problems answered correctly during the 

project (see Table 7.3) and score on the problem-solving post-test (corrected for the pre-test scores) 

(see Table 7.5) 

 DA group (n = 18) A group (n = 18) Control group (n = 23) 

Partial correlations  -0.08 (ns) 0.35 (p < 0.10) 0.03 (ns) 

 

The correlations between the percentage of problems answered correctly 

during the project and scores on the problem-solving post-test (corrected for the 

pre-test scores) are given in Table 7.9. The partial correlations indicate that the 

greater number of correct answers achieved by the A group with help only 

available to students after completion allowed these students to acquire more 

strategic knowledge than the control group, which was of assistance when solving 

the post-test problems. Therefore, for the A group we have found an indication 

that the practice effect may have contributed to the effectiveness of the program, 

compared with the scores of the control group. The main reason for the absence of 

a positive relationship in the DA group might be that these students could ask for 

much more help. Some students used more hints than others, meaning that solving 

more problems in the program did not always lead to more problems being solved 

independently. Other effects might also have a student-dependent role. 

Now that we have seen that the manipulated characteristics of the learning 

environment, as represented by the experimental groups, improve students’ 

problem-solving skills, in order to determine whether the program works 

differently for different students, we will further investigate whether the students’ 

method of using the computer program also improves their problem-solving skills. 

Below, we explore and compare the ways in which students in both experimental 

groups used the program. We will focus on improvement in the systematic use of 

the support of the program by the DA group, compared with the A group. 

 

7.4.3 Systematic use of hints during and model answers after problem-solving 

To obtain a clear view of the developments in the systematic use of hints and 

model answers we compared the use of the program for the first part (problems 1–
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38) with that for the second part (problems 39–57). Systematic use of hints means 

that if hints are used, they follow the sequence of Survey, Tools, and Plan. In this 

definition, students can choose not to consult a hint, but are not allowed to go back 

in the sequence. A systematic use of model answers means using the model answer 

after a problem has been answered correctly. In a case where a student consulted a 

model answer after filling in an incorrect answer three times, this would not count 

as a systematic use of the model answers. Improvement in systematic use was 

found in students who gained a higher score on the relative number of tasks for 

which hints and/or model answers were used systematically. 

An increase in the systematic use of the program is apparent in the case of a 

student who shows a development in the systematic use of the DA version of the 

program (see Table 7.10). Starting with choosing hints more or less randomly, as 

the project progresses the student starts to understand what the different hints 

represent, and develops a more systematic use of the program’s hints. Such a 

student shows an increment in the systematic use of hints. 

When looking at the use of model answers, we see that for the first period, 

this type of student only consults model answers when failing to find the correct 

answer. In the second period the strategy has changed after problem-solving: he or 

she has strategic motives to consult one or more model answers, even though he or 

she may already have completed the problem correctly. 

 

Table 7.10: Sequences of the use of help and answers given for a selected number of problems 

undertaken by a student showing an increase in the systematic use of the program  

  Sequence of actions of a student showing increase in systematic use 

of the program, as registered in the log file*. 

Problem 4 2-1, 3-1, 3-2, 1-1, Correct 

Problem 12 Wrong, Wrong, 1-1, 2-2, Correct 

Problem 21 Wrong, Wrong, 3-2, 2-1, Wrong, 4-3 

First half 

of the 

project 

Problem 33 Wrong, Wrong, Wrong, 4-1 

Problem 46 Wrong, Wrong, 2-1, Wrong, 4-1 

Problem 53 Wrong, Wrong, 2-3, 2-2, 3-1, Correct, 4-1, 4-2 

Problem 64 1-1, 2-4, 2-3, 2-2, 2-1, 3-1, Wrong, Wrong, Wrong, 4-1 

Second 

half of 

the 

project Problem 72 Wrong, Wrong, Correct, 4-1 

* Note: 1-1 to 1-3 = hints 1-3 for ‘Survey’; 2-1 to 2-3 = hints 1-3 for ‘Tools’; 3-1 to 3-3 = hints 1-3 for 

‘Plan’; 4-1 to 4-3 = examples 1-3 of ‘model answer’. Wrong or correct pertains to the student’s trial 

answers. 
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Performance with respect to systematic use of the program by students during the project 

We divided the students of each of the experimental groups into two subgroups, 

the first with students showing an increase in the percentage of problems solved 

by the systematic use of hints or model answers, and the second showing no 

increase in the systematic use of the help of the program. Of the DA group, 7 of the 

18 students showed an increase in the systematic use of hints and/or the model 

answer after correctly solving problems. This means that not all students show an 

increase in the systematic use of the program. Although the A group did not have 

the hints available during the problem-solving process, we also looked at the 

students in this group who possibly showed an increase in the percentage of 

problems solved through the systematic use of the model answers after correctly 

solving the problems. In the A group, 6 of the 18 students showed a higher score in 

the systematic use of the model for the second period of the experiment. Thus, for 

both groups we found that a proportion of the students grasped the systematic use 

of the hints and/or model answers during the project. As the conditions were the 

same for all students within one group, these differences have to be related to the 

individual qualities of the students, as will be discussed below. The question now 

is whether those students showing an increase in the systematic use of hints 

and/or model answers also showed an increase in strategic knowledge as 

measured by the post-test. 

 

Performance of systematic users after the project 

To find possible differences in the development of strategic knowledge by the 

different subgroups, we compared the scores on both the pre-test and post-test for 

each subgroup (see Table 7.11). 
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Table 7.11: Increase versus no increase in systematic use of the program and effect on PS post-test 

Corrected for PO pre-test scores Group Score PS 

Pre-test 

(0–60) 

Score PS 

Post-test 

(0–50) 

ANCOVA-

analysis, effect 

on PS post-test 

Students with increase in systematic 

use of hints (n = 4)  

DA 33.0 (9.4) 34.8 (5.6) 

Students with no increase in 

systematic use of hints (n = 14) 

DA 32.7 (10.7) 29.6 (5.0) 

 

 

p < 0.10 

     

Students increased use of model after 

correct answer (n = 5) 

DA 33.0 (13.8) 29.8 (6.4) 

Students with no increased use of 

model after correct answer (n = 13) 

DA 32.7 (9.1) 31.1 (6.2) 

 

 

ns. 

     

Students increased use of model after 

correct answer (n = 6) 

A 30.5 (13.9) 27.0 (9.9) 

Students with no increased use of 

model after correct answer (n = 12) 

A 33.3 (7.3) 25.7 (11.2) 

 

 

ns. 

 

To resolve the question of whether the observed differences are significant, 

ANCOVA analyses were conducted for the three different sub-conditions. For all 

three analyses the results of the post-test were taken as the dependent variable and 

the pre-test as the covariate. First, we compared the subgroup of the DA group 

who showed an increase in systematic use of hints during problem-solving with 

the subgroup showing a decrease. The difference between both groups proved to 

be significant (T = 1.52, p < 0.10). The other ANCOVA analyses showed no 

significant differences in scores on the post-test between both subgroups. For all 

three analyses, no significant interaction effects were found. This means that 

students showing more systematicity in the use of hints during the project scored 

significantly higher on the problem-solving post-test. The data does not show a 

relationship with an increase in the systematic use of model answers for either 

experimental groups. 
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7.5 Conclusions, discussion and recommendations 

 

7.5.1 Conclusions 

This is a small-scale study of students’ problem-solving behaviour while working 

with problems and hints using a computer program. The main purpose of this 

study was to find indications of how the use of hints and model answers by 

students can help them to improve their strategic knowledge. We undertook this 

research because there are few studies on the effectiveness of problem-solving 

programs for student behaviour (De Corte, 2004; Mercier & Frederiksen, 2007; 

Taconis et al., 2001). Part of our hypothesis pertains to the way students in the 

experimental group with access to the whole program use the hints. Moreno (2006) 

points out that we know very little of what makes students into more systematic 

problem-solvers and how the instructional design of computer programs can help 

students with this task. 

In order to solve a problem, students need: a) domain knowledge and tools, 

and b) strategic knowledge (De Corte, 2004; Schoenfeld, 1992). In an earlier 

analysis we found that the additional support from the program only stimulates 

improvements in strategic knowledge. Comparison of the declarative and 

procedural knowledge of the experimental groups and the control group showed 

no significant differences (Pol et al., 2008). We determined, therefore, that the effect 

of the support of the program should be examined with respect to an increase in 

strategic knowledge. The research question of this study was therefore: How does a 

student-controlled problem-solving program improve students’ strategic knowledge? With 

respect to this question, we raised four hypotheses. Our first hypothesis was: 

 

Hypothesis 1: Students using a program with hints during and model answers after 

problem-solving will develop more strategic knowledge than students using a 

program with only the control option and model answers after problem-solving, who 

in turn will develop more strategic knowledge than a control group using only a 

textbook with model answers. 

 

We expected an increase in practice effectiveness with respect to strategic 

knowledge due to the control option of the computer program. We also expected 

an additional increase in practice effectiveness due to the availability of hints relevant 

to each problem-solving episode, thus creating more efficient use of problem-
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solving time compared with the experimental group which only had the model 

answers available after problem-solving. Clark and Mayer (2002) point out that 

practice always plays an important role in the effect of training. Often it is not a 

matter of a specific type of training but simply the amount of practice that explains 

the effect of training. In our study, with the help of hints from the program 

students could find a solution path more readily and with little waste of time. 

There are indications of an increase in practice effectiveness during the 

program. Students using the program to work through the problems solved more 

problems correctly in comparison with the control group of textbook users. The 

results thus indicate an increase in practice effectiveness: the more problems that 

are finished correctly with the computer program the more strategic knowledge 

students develop. An analysis of the correlation between the use of hints and the 

number of problems answered correctly indicates that the increase in practice 

effectiveness is due to the use of the hints and not, for example, due to an increase 

in the time spent solving the problems (the experimental groups did not spend 

more time working out the problems). Thus by using the program the students 

worked more effectively. This is in line with the scores of the different groups for 

the problem-solving post-test, which were significantly higher for the experimental 

group having the control option and model answers than the control group, and 

also significantly higher for the experimental group having hints as well as model 

answers, compared with the experimental group having only the model answers. 

Also, these scores are in line with our earlier experiment (Pol et al., 2005), which 

also showed an increased score for the problem-solving post-test by the 

experimental group which had used the program. However, it can now be 

concluded that this effect might have been due to control aspects offered by the 

program, including both the model answers and the hints as available in the full 

version. Consequently, the different ways in which students use the program were 

analysed, thus revealing how it might support the development of their strategic 

knowledge. 

The first way we expected students of the experimental groups to improve 

strategic knowledge was by showing an increase in the variety of heuristics used. 

Our second hypothesis was: 
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Hypothesis 2: Students using the program with hints during problem-solving, a 

control option and model answers after problem-solving will learn to use a greater 

variety of ways of analysing problems (heuristics and algorithms) than students 

using the program with only the control option and model answers after problem-

solving, who in turn will learn to use a greater variety than the control group using 

only a textbook with model answers.  

 

Hints as well as model answers offered students more ways of solving 

problems, and in learning these it is possible that students improve their capacity 

to analyse a problem and make a plan to solve it. Not all the calculations made by 

the students during the project were available, therefore we analysed indirect 

indications of an increase in systematic analysis by students over the course of the 

project. Students in the DA group showed a significant decrease in the use of hints 

during the project but no significant decrease in the number of problems answered 

correctly. This means that students in the DA group needed less help in the second 

part of the project, thus indicating that they were better able to work out problems 

by this stage. On the other hand, the DA group showed no significant decrease in 

the use of model answers. The A group, however, did show a significantly lower 

use of model answers in the second part of the project. This might indicate that the 

effect of the program as used by the A group can be measured in terms of a better 

evaluation of the solving process. This is supported by the correlation analysis 

between the percentages of problems solved correctly during the project and the 

scores on the problem-solving post-test. These analyses also showed a significant 

correlation for the A group. Nevertheless, a comparison of the use of different 

ways of analysing problems (heuristics and algorithms) in the pre and post-tests 

showed that the DA group outperformed the other groups significantly on the 

post-test. Taking all of these points into account, it seems that the A group 

primarily improved their strategic knowledge by improving their ability to finish a 

plan; this was not explicitly found for all the students of the DA group. The DA 

group, on the other hand, showed a comparable improvement in analysing a 

problem by increasing their pallet of heuristics. Having thus revealed what the 

program achieved, the following discussion sheds more light on how the latter 

group takes most impressive advantage of the program. 

We expected the students of the DA group – which used the full version of 

the program with the structure as described by the Schoenfeld episodes – to 
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become increasingly systematic in solving problems, and thus show increasingly 

systematic use of the program hints. Preliminary research established that some of 

the students showed an increase in the systematic use of help (Pol, Harskamp, 

Suhre & Goedhart, 2008). In this preliminary experiment, systematic use was 

defined as the combination of the use of hints during the solving process and the 

use of model answers afterwards. In the present experiment we wanted to analyse 

the different effects of hints and model answers on the problem-solving process 

separately. Firstly, we discussed the use of hints during the solving process. Our 

third hypothesis was: 

 

Hypothesis 3: Students using the program with hints during problem-solving, a 

control option and model answers after problem-solving will show an increase in 

the systematic use of hints during the project. 

 

As the program hints are arranged according to the Schoenfeld episodes, at 

the start of the project we expected two categories of students to follow these 

episodes. The first group would consist of students who started with the 

information which fit their systematic way of solving the problems. The second 

group would consist of students who simply followed the menu from top to 

bottom. We expected that only the group showing an increase in systematic 

problem-solving during the project would also show an increase in the systematic 

use of the hints during the project. From the DA group, we found that some of the 

students indeed showed an increase in the systematic use of the hints from the 

program. In the problem-solving post-test, this group also showed a significantly 

higher score compared with the subgroup of DA students who showed a decrease 

in the systematic use of program hints. This means that a part of the group which 

used the whole version of the program did utilize our idea of hints arranged 

according to the Schoenfeld system. In utilizing this systematicity, students 

achieved significantly better scores on the problem-solving post-test. The question 

as to why not all students showed an increase in the systematic use of the hints still 

remains. Why does one student appreciate systematicity and not the other? We can 

expect that part of the group were already systematic problem solvers and we 

must look at the individual cases of weak systematic problem solvers, examining 

the student’s intention (De Corte, 2004), motivation or learning style. 

Understanding the program’s intended systematicity requires effort by the 
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student. If not motivated, for example because they do not like working with 

computers, a student will only work out the problems loosely and not be interested 

in the further aims of the program, or the learning style of the student might 

disrupt the aims of the program.  

Our final hypothesis considers the use of model answers, as mentioned by 

Schoenfeld:  

 

Hypothesis 4: Students using the program with hints during problem-solving, a 

control option and model answers after problem-solving will show an increase in the 

systematic use of model answers during the project. 

 

This means that students not only check their answers, but also evaluate the 

problem-solving processes. We divided each experimental group into two, one 

subgroup being those showing an increase in the systematic use of model answers, 

where the systematic use of the model answers means that the students consulted 

the model answers when they had answered a problem correctly, while the other 

subgroup comprised those who did not use the model answers systematically. This 

analysis again showed that some of the students increased their systematic use of 

model answers. The number of students, however, was equal for both 

experimental groups. When analysing the scores of the problem-solving post-test, 

there was no significant increase for the groups who showed an increase in the 

systematic use of model answers. This means we have to reject our final hypothesis 

that, in the context of the development of strategic knowledge when using 

Physhint, the systematic use of model answers has a significant effect. 

 

7.5.2 Discussion and recommendations 

Firstly, these experiments call for repetition using larger numbers. In particular, 

the specific analysis of the systematic use of the hints does not apply to all 

students, and a larger number of students could make the tendencies we found 

clearer. The effects we found were still within a reasonable range of significance, 

but some of the effects examined were found under conditions for which the 

power of the experiment is still small. A repeat might also show some additional 

effects of the program. 

Another way of clarifying why some students work more systematically 

during the project could be revealed by the use of think-aloud transcripts. As 



 197 

already discussed, it is not only interesting to see how groups of students react to a 

program such as Physhint, but also to determine why they react as they do, or to be 

more specific, to explain why one student comprehends the aim of the program 

and the other not. Here we are introducing the issue of motivation, and this can 

only be analysed properly with think-aloud transcripts. 

The main aim of our research was to create an experiment which recreated 

the conditions of normal school practice. Therefore we did not use cameras or 

intervene in other ways. A future experiment might find it interesting to ask the 

students if they actually recognized the structure of Schoenfeld’s episodes through 

the use of the program. However, it is questionable whether this recognition can be 

clearly shown because the program aims at the automatic use of the Schoenfeld 

episodes without really providing instruction about how this systematic way of 

solving problems works.  

Another aspect that we did not examine is the difference in effect between 

low and high performing students (Reislein et al., 2006). When we compare the 

results of this experiment with our first experiment on a small and compact group 

(Pol et al., 2005) we can now see a more diffuse picture of the results than during 

our first preliminary experiment. The reason might be found in the more diffuse 

character of the group in this experiment, which took students from four different 

schools, and thus introduced different starting levels amongst the participants. 

The results of this study lead to interesting hypotheses which should be 

further tested in future research. Firstly, the degree of help used is of interest. 

Many researchers agree that the degree of help should be dependent on the needs 

of the student. Researchers such as Wood and Wood (1999) and Mathan and 

Koedinger (2005) believe that an intelligent tutoring program can deliver the just-

in-time instruction needed for a student. Others such as Reif (1995) and Harskamp 

and Suhre (2006, 2007) think that students should be in control of their instruction. 

The latter point of view is supported by this study. By allowing students to choose 

when and what kind of help they need, we expect them to become more aware of 

their needs and the points at which they tend to encounter difficulties in the 

process of problem-solving. 

Secondly, this research has shown that a form of support which combines 

practical declarative and procedural knowledge on the one hand with strategic 

knowledge on the other can in fact lead to an improvement in strategic knowledge 
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overall. The development of strategic knowledge is a long-term matter. This 

research has shown an interesting improvement in strategic knowledge after only 

14 lessons. This suggests that students supported in this way over a longer period 

of time might further improve their strategic knowledge. The simplicity of this 

method and its implementation in a typical school situation means that it is readily 

available to help students to increase their strategic knowledge. 
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CHAPTER EIGHT 
 

Conclusions and discussion 

 

8.1 Conclusions 

 

8.1.1 Introduction 

Solving problems is an important activity in modern physics education. To do so, 

students need to possess domain knowledge (declarative knowledge) and know 

how to use this specific knowledge in standard procedures (procedural 

knowledge). Most importantly, students not only need to know how to apply 

science concepts and formulae to standard textbook problems, they also need the 

skill to apply this knowledge to new problem situations (strategic knowledge). 

Secondary school education emphasizes the development of declarative and 

procedural knowledge, while the application of strategic knowledge to novel 

problems plays no essential role in school practice. In the Netherlands, students are 

not trained to solve novel problems until preparing for their final exams. These 

problems are derived from examinations from previous years, which students 

learn to solve. Most of the time the problems are practised in groups and are 

categorized according to the underlying declarative and procedural knowledge, 

but with different contexts. 

The literature has shown that the development of strategic knowledge can 

be influenced in different ways (De Corte, 2004; Mayer, 2008): 

• by activating learners 

• by giving learners room to develop their own solution strategies  

• by practising a large variety of problem situations within a specific domain, 

and 

• by emphasizing the explication and reflection on the learners’ way of 

solving problems.  

While some of these factors have been shown to be effective, most still need more 

empirical support (Mayer, 2008). And yet others give rise to a dilemma. For 

example, students need the opportunity to work out problems on their own in 

order to learn from their own successes and failures in finding solutions, but they 
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also need guidance that gives them positive experiences which can increase their 

self-efficacy.  

Digital support can be offered individually and can give learners room to 

develop their own problem-solving strategies. It can also provide students with 

hints on the way to solve a problem. Support can be given before, during or after 

problem-solving. The literature indicates that instruction is most effective when 

available at the moment the learner needs it (Mayer, 2008). This just-in-time 

instructional support can be made available according to rules determined by the 

computer (this is called direct instruction or computer-driven support) or the 

demands of the student (this is called indirect instruction or student-driven 

support). The first type of support is more effective for beginners in the problem 

solving process; the second seems to be more fruitful for learners at a more 

advanced stage of learning to solve problems (Clark & Mayer, 2008). 

 

8.1.2 Overall effect of the Physhint program  

This thesis describes the research into the effect of the Physhint computer program, 

which is based on the principles of just-in-time and student-driven support. 

Physhint is a digital support system, used in this study by secondary school 

students working in the domain of vectors and forces. The program offers students 

problems from this domain and supports them with hints during problem-solving 

and model answers afterwards. The hints are structured according to a problem-

solving framework with problem-solving episodes. The structure is meant to 

improve the strategic knowledge of program users. There are a few studies on how 

effective problem-solving programs influence student behaviour (e.g. Schoenfeld, 

1992; Harskamp & Suhre, 2006). These studies have helped with the design of 

Physhint. By incorporating the program into the school curriculum, we attempted 

to improve strategic knowledge but also to take into account the declarative and 

procedural knowledge taught at school. The first question this research wished to 

answer is: 

 

1. Will the use of Physhint in school practice improve students’ strategic knowledge? 

(Chapters 4 and 6) 
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The main purpose of this study was to find out if Physhint leads to more 

strategic knowledge than working in a traditional way with a textbook and model 

answers. The argument for and characteristics of a computer program were 

presented in Chapters 1 and 2. The program was expected to effectively support 

the development of strategic knowledge during the solving of physics problems. 

Based on findings from the research literature summarized in the first two 

chapters, the Physhint program was developed.  

The project revealed that the groups involved in the experimental condition 

showed greater improvement in the strategic knowledge post-test (problem-

solving post-test) than a control group. Teaching students with the program 

proved to be more effective in developing strategic knowledge than teaching with 

the textbook. The experimental groups did not score significantly higher on the 

declarative and procedural knowledge post-test (knowledge post-test), which 

means that the significant increase in the scores in the problem-solving post-test of 

students in the experimental groups can be attributed to an improvement in their 

strategic knowledge. 

Clark and Mayer (2008) point out that allotted time to practise always plays 

an important role in learning. They state that it is often not the special type of 

training but the amount of practice that explains the effect. Therefore we checked 

the time spent by all students on solving problems. The time spent on the project 

and the number of problems done by the different groups of students were not 

significantly different. However, students who used the program solved more 

tasks correctly than students in the control group who used their textbook. This 

indicates that it is not the time spent on problem-solving, but the effect of the 

support provided by the program that made them better problem solvers. In the 

experimental groups, we found positive partial correlations between the number 

of tasks solved correctly during the project and the results of the problem-solving 

post-test. This was not the case in the control group. The results thus indicate an 

overall increase in the effectiveness of practice with the program: the more tasks 

that are finished correctly using the computer program, the better the problem-

solving skills of the students. 

We then investigated which part of the program helped students to improve 

strategic knowledge. Users of the program with hints and model answers showed 

a significant improvement in strategic knowledge compared with those who only 
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had model answers available. Therefore it may be concluded that students 

supported indirectly by hints during problem-solving and worked examples 

afterwards improve their problem-solving skills more than students who only 

have model answers available after problem-solving. In this group we also found a 

relationship between the number of hints and model answers used and the 

number of tasks answered correctly. The group with only model answers available 

showed no significant correlation between the use of model answers and the 

number of program tasks answered correctly. From this evidence it may be 

concluded that providing model answers after the problem-solving process is only 

effective if they are part of a total program of help available during and after that 

process. 

 

8.1.3 Effects of the use of components of the program  

The basic assumptions of the Physhint program relate to Schoenfeld’s work (1992) 

on episodes in the problem-solving process and to his examples of asking students 

questions about what they do while problem-solving. Schoenfeld did not teach 

problem-solving directly by letting students follow episodes step by step as a 

standard procedure. Instead, he asked them what they were doing, what they 

already knew about a problem, which step they thought they would take next and 

to reflect if they arrived at a solution. The episodes were used as ‘signposts’ in 

Physhint. Students could consult these episodes, thus helping them to guide their 

actions. When students worked out a problem, they could consult a special help 

section where hints were arranged according to episodes in problem-solving. It 

was expected that Physhint might influence different aspects of the learning of 

problem-solving. Improvements were expected through the way students use 

Schoenfeld’s framework and the hints that go with the episodes of the framework. 

For example, students might show a more systematic use of the hints while using 

the program. If students used the hints in a more systematic order, this might 

indicate a more structured approach to solving problems and might improve their 

strategic knowledge. The second question this research wanted to answer was 

therefore: 

 

2. In what way does Physhint influence the development of strategic knowledge during 

students’ problem-solving practice? (Chapters 5 and 7) 
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Another purpose of the research was to find relationships between the ways 

students used hints and model answers and the improvement in their strategic 

knowledge. I assumed different possible ways in which students used the program 

and how these were related to the improvement in their problem-solving skills:  

• an increased systematic use of the hints in the program 

• and/or an increased systematic use of the model answers in the program. 

The first assumption concerned a systematic effect of the use of hints. 

According to Schoenfeld (1992), students confronted with systematic support that 

guides them through problem-solving episodes might improve their strategic 

knowledge. It was expected that students working with Physhint – as novice 

problem-solvers – would not begin using hints in the order that most experts 

would. Instead, students were expected to choose hints at random, or to start 

directly with a hint containing a plan. Later, these students might learn to first 

consult hints which help in surveying and analysing the problem, after which they 

could consult the necessary resources, find help with a plan and finally check for 

alternative solutions with model answers.  

The second way in which problem-solving could be improved was a 

systematic use of model answers, which means that students consulted model 

answers even after giving a correct answer. In such a situation the students 

consulted the model answers for evaluative purposes.  

In the experiments described in Chapters 5 and 7, some of the students in 

the experimental groups showed an increase in the systematic use of hints and 

model answers in accordance with expectations based on Schoenfeld’s theory. 

These students used hints systematically during the process of solving problems, 

and/or consulted model answers after they gave a correct answer. The students 

showing an increased systematic use of hints achieved better results on the 

problem-solving post-test than students who did not show such an increase. We 

found no difference in problem-solving post-test scores between those students 

who increased their use of model answers compared with the group that did not. 

These results show that only students who used the hints in an increasingly 

systematic way scored higher on the problem-solving post-test. This indicates that 

they learned to solve problems more systematically than other students in the 

hints-with-model-answer group. The systematic use of hints probably had an 
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additional effect over and above the total effectiveness of practising problems with 

the program (the model-answer-only group). 

Thus an increased systematic use of the episodes in the program may 

indicate an improvement in strategic knowledge. However, this relationship 

overlaps to a certain degree with an increase in the effectiveness of practice. Both a 

more systematic use of hints and practice caused students to solve more tasks 

correctly during the project. 

 

8.2 Reflections 

 

This thesis discusses an intervention seeking to improve the solving of physics 

problems by secondary school (pre-university) students. The conclusions drawn 

need to be considered within the limits of the problem definition as stated at the 

beginning, that is, problems with one clear answer, but often with more solution 

paths to that final answer. This might be considered one limitation with respect to 

the design of the pre and post-tests, which only include this kind of problem. As a 

consequence, this thesis only discusses factors that may improve the solving of this 

kind of problem, and conclusions cannot directly be generalized to strategic 

knowledge needed to solve ill-structured problems (Shin, Jonassen & McGee, 

2003). 

A second possible limitation is the choice of the topic of forces. Research in 

the 1970s and 1980s showed that it is not easy to achieve the transfer of problem-

solving abilities from one domain to another. Therefore this thesis only studied the 

improvement in more general problem-solving abilities within the limits of a 

single subject (De Corte, 2004; Mayer, 2008). It is not self-evident that the strategic 

knowledge acquired can be applied in other domains or other contexts (Cognition 

and Technology Group at Vanderbilt, 1997). 

A third possible limitation concerns the size of the experimental groups. 

This thesis describes two experiments with a relatively small number of 

participants. In particular, the experiment described in Chapters 4 and 5 has only a 

small number of participants. However, significant results were reported, which 

says something about effect size. The experiment as described in Chapters 6 and 7 

covers a larger number of students and schools, thus increasing the power of this 



 205 

experiment. Nevertheless, a new experiment with more students and schools 

might make the results of the two experiments even more convincing. 

A fourth limitation concerns the selection of teachers. The first experiment 

described in Chapters 4 and 5 involved two teachers from one school, which 

means the effects we found need to be seen in the light of a single school situation. 

This issue was partly addressed by the experiment in Chapters 6 and 7, in which 

five teachers were involved. The teachers were from different parts of the northern 

and central Netherlands and from different types of schools (both a ‘gymnasium’ 

and general secondary schools). A second way of addressing the issue of a possible 

teacher dependency was the use of a research design in which students within 

classes were assigned to either an experimental or a control condition. This 

controlled for the factors ‘teacher’ and ‘class the students belong to’ in the 

experiments. Several measures were taken to ensure that the lessons in the 

different schools were equivalent. First, teachers were given a concise booklet of 

teaching instructions. Second, teachers were asked to hand in their lesson plan. 

Third, teachers were consulted regularly through visits and telephone calls. 

Finally, the students’ login files during the use of the program were checked for 

student progress. 

A fifth limitation concerns the lack of observations of the problem-solving 

process the students followed. The experiments show that Physhint seems to be 

beneficial for its users. Tracing the use of hints and model answers during program 

use gives an insight into the development of students’ problem-solving abilities 

during the project. However, the data collected from the log files only shed light on 

the clicking behaviour of students, and not directly on their problem-solving 

process and cognitive elaborations. More in-depth qualitative research in which 

students are asked to think aloud might give a greater understanding of the 

relationship between the problem-solving processes and the use of hints during 

the program (see Chapter 2). 

The sixth limitation concerns the influence of the task level in the 

experimental groups versus the level of tasks in the control group on problem-

solving abilities. To encourage the use of hints in the program, in the experiment in 

Chapters 6 and 7 the students in the experimental groups were given the same 

problems from the textbook, except that some sub-questions were left out in order 

to make the problems in the computer program harder to solve (see Van Heuvelen, 



 206 

1991 a, b). But when looking at the number of tasks worked out correctly, we saw 

that the experimental groups solved more problems correctly than the control 

group. Furthermore, students in the experimental groups outperformed students 

in the control group on the problem-solving post-test, thus confirming that offering 

tasks with fewer sub-questions can positively affect the development of problem-

solving abilities.  

A last limitation is the difference in media. Students in the experimental 

group used the computer and students from the control group used the textbook 

with model answers. The literature supports the idea that a difference in media 

(computer versus textbook) may cause differences in test scores (Clark, 1994; 

Woodrow, 1998). Students using a computer might work differently from those 

working with the textbook. For example, in using the computer program, students 

filled in their answers, received feedback and were required to try again if their 

answers were not correct. The students from the control group checked their 

solutions by comparing their answers with the model answers in the textbook. The 

fact that the feedback was provided by the computer may have caused a difference 

between the experimental groups and control group. Another aspect which might 

play a role is that the work of the students in the experimental groups was logged, 

making the results visible to the students, which may have motivated them. The 

question as to which of the possible causes might be responsible for the differences 

between the experimental group with only model answers available and the 

control group suggests a need for further research using the program version in 

which both hints and model answers are left out as a control condition (e.g. the 

computer is used as a check for the answer to problems). 

 

8.3 Implications for further research 

 

In sum, this research justifies the use of the full version of Physhint in school 

practice. There is evidence that the program has an effect on learning to solve 

physics problems and on the development of strategic knowledge. As we observed 

above, more detailed research could be carried out in order to further confirm and 

specify the results of the experiments. 

Firstly, there is a need for research that can disentangle the different effects 

of the program: the effectiveness of practice and the effect of the use of hints. The 
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effects found are probably caused by a combination of factors, but it would be 

interesting to examine the relative effects of different factors involved in the 

intervention. Through the analysis of log files, this thesis gives some insights into 

different aspects influencing the development of strategic knowledge. We found 

indications of a general increase in the effectiveness of practice with the program, 

and specifically by offering a combination of hints during and model answers after 

problem-solving. More research is needed to give more convincing theoretical 

explanations of how the program influences student problem-solving. It would be 

interesting to study the problem-solving behaviour of individual students by 

monitoring them more closely when solving problems using Physhint (e.g. by 

asking them to think aloud).  

A second point for further research is the possible merits of the Physhint 

program when used by different types of students. This thesis reveals that students 

who showed an increased systematic use of hints during the program profited 

more from the program than students who did not show this behaviour. The 

qualitative research proposed above might also shed light on the use of the 

program by these different groups of students and thus might suggest ideas on 

how to best support them. The question would then be whether it is possible to 

change the support offered by the program in such a way that low-achieving 

students profit more from the program than do high-achieving students. In 

Chapter 1 we already stated that poor problem solvers need more structured 

support, which raises the idea of helping them by means of a version of Physhint 

which offers hints in a structured and program-controlled way (direct instruction). 

The program can then select poor problem solvers by means of their incorrect 

answers to problems. 

Thirdly, research with Physhint as described in this thesis was limited to the 

domain of forces. The transfer of strategic knowledge to other domains cannot be 

expected unconditionally (Bransford et al., 2000). Therefore, research into the 

broader application of the strategic knowledge taught through Physhint might shed 

light on the usability of this knowledge in other domains. Although Physhint may 

in principle be extended to other areas, especially in physics education, it cannot be 

implemented unconditionally in other domains. Other domains contain different 

declarative and procedural knowledge, and strategic knowledge might also play a 

different role in domains different from the one investigated here. Research into 
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another version of Physhint for these domains might therefore provide insight into 

the broader application of the theoretical framework presented here. 

Finally, Physhint was evaluated within a relatively short period. Since 

normally a longer period is expected in order to improve strategic knowledge, it 

would be useful to evaluate the long-term effects of the program. This could be 

measured by implementing the instruction as used in Physhint into other physics 

areas and across a longer period. 

 

8.4 Implications for school practice 

 

In this final section, I will try to extract some implications for the instruction of 

problem-solving skills in school practice on the basis of the research described 

here. These implications can be divided into three strands: 

• the importance of strategic knowledge in school practice  

• the type of problems needed to improve strategic knowledge 

• the additional support needed to improve strategic knowledge. 

 

8.4.1 Importance of strategic knowledge 

At first sight, only declarative and procedural knowledge play an important role in 

solving the problems that textbooks offer. However, strategic knowledge is also 

necessary in solving problems at an early stage, especially if the declarative and 

procedural knowledge needed to solve the problems has not been learned 

sufficiently. Once students have a better developed toolbox of strategic knowledge, 

they are better equipped to solve problems for which they need new declarative 

and procedural knowledge. The improvement in strategic knowledge thus helps 

students to learn in a more general way. 

Although implicit, strategic knowledge also plays an important role for 

students in a different way. Students sitting central physics exams at the end of 

secondary school in the Netherlands have to tackle problems comparable to those 

used in the strategic knowledge post-tests in this thesis. Improving their strategic 

knowledge can therefore help them to pass this exam. Strategic knowledge also 

plays a more important role in tertiary education (Taconis, 1995). 

The reason why the teaching of strategic knowledge is given little priority in 

school practice may be due to the overloaded Dutch curriculum (NiNa, 2006). 
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Teachers think they have to cover every topic in the curriculum, leaving little time 

during lessons to improve the learning of strategic knowledge. Teachers wanting 

their students to show more expert-like problem-solving should practise all types 

of knowledge needed to solve problems (i.e. not just declarative and procedural 

but also strategic knowledge). An appeal should therefore be made to curriculum 

developers to reduce the number of items in the curriculum in order to give 

teachers room to prioritize the development of skills such as strategic knowledge. 

 

8.4.2 Types of problems and how to use them in class 

The types of problem students practise is a crucial factor in developing their 

strategic knowledge. Such knowledge can be improved by offering interesting 

problems that engage students. Problems can be made more interesting through 

the addition of an image depicting the situation and a context that makes the 

problem more interesting to solve. Let us take the following textbook example, 

which is not very interesting:  

 

An aeroplane accelerates down a runway at 3.20 m/s2 for 32.8 s until it finally lifts off the 

ground. Determine the distance travelled before takeoff.  

 

Figure 8.1 offers an alternative description of this problem which was not used in 

the project. The problem can be made more interesting through a few alterations. It 

is essential to place the problem in an interesting context that might make the 

student curious about the answer. 

 

 An aeroplane sits at the beginning of a runway. It 

accelerates down the runway at 3.20 m/s2 for 32.8 s 

until it finally lifts off the ground. The runway is 2 km 

long. 

• How much distance is left on the runway as the 

aeroplane takes off? 

• Do you think this is a safe distance? 

Figure 8.1: Alternative problem description of a regular task 

 

In the example above, students can imagine the runway as a long stretch of 

tarmac needed for the plane take off, and they may become curious about whether 
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this can be done safely. If the runway is 2000 meters long and the aeroplane takes 

off after 1720 meters, there is not much runway left in an emergency. With a few 

changes, standard problems can often be made interesting for students. It is 

assumed that daily situations or situations that students can easily imagine are 

particularly suitable for problem-solving, especially when a broader goal is added 

instead of simply doing calculations (Barab & Plucker, 2002). 

A further point to note is that appropriate tasks are ones that provide 

students with situations that require an appropriate degree of effort to solve. This 

means that students should put some effort into understanding what the problem 

is about and finding a solution, but the problem should not be so difficult as to 

make it impossible to solve. Especially appealing are problems that can be solved 

in more than one way. In the example, the student can calculate the distance 

second by second or use an overarching formula. Or a velocity-time diagram can 

be made of the situation, after which the surface under the graph can be calculated. 

In effective problem-solving teaching, the problems should be varied and 

there should be a focus on the different types of knowledge needed to solve them. 

For the program, we selected the more open problems from the textbook, although 

there was always one correct answer. These were called semi-structured problems. 

Most teachers do not choose these problems very often because they think that 

students are not able to work out the problems themselves and need too much 

help. 

When considering the improvement in students’ strategic knowledge, it is 

important to not only look at the type of problem, but also the number of problems 

effectively worked through by students. As shown in this thesis, an opportunity 

for problem-solving practice and the number of problems solved correctly have a 

considerable effect on independent problem-solving (achievement). Although this 

may seem obvious in teaching, it is not. Especially with the implementation of 

’new learning’ in many Dutch secondary schools, teachers tend to leave practice to 

the students themselves. Teachers only spend a small portion of the lesson time on 

classroom instruction and a large part on letting students work on problems 

independently. However, practice is especially effective when guided by hints or 

by the teacher. Although this thesis discussed the implementation of a program 

supporting students, the role of the teacher cannot be eliminated. The success of 



 211 

the approach described here is the combination of independent work on problems 

supported by the program and classroom instruction from the teacher. 

 

8.4.3 Supporting the learning of strategic knowledge 

This thesis shows that it is possible to improve students’ problem-solving skills 

with the help of a computer program that supports regular physics education. The 

just-in-time instruction through hints helped the students to successfully work 

through novel problems. In this way they experienced an efficient form of learning: 

they were encouraged to think about what help they needed and chose the 

instruction that matched their way of thinking. This kind of scaffolding appeared 

to be more effective than working independently using a textbook and the teacher 

as a possible background source of help. Some more general characteristics of 

effective support for problem-solving in physics education can be distilled from 

the architecture of the program. 

Instructional support should be provided through indirect instruction. This 

is the central assumption in this thesis. In Chapter 1 it was shown that many 

researchers agree that problem-solving is a skill students have to develop 

themselves; it cannot be copied from worked examples. Students have to learn to 

act flexibly when they encounter a problem they have not seen before. They must 

learn to rely on their skills of reading and analysing the problem, planning and 

executing a solution strategy and checking the solution. They must be confident 

that if they do not manage to solve a problem in the first attempt, they can try 

again by reflecting on their train of thought and finding new ways to analyse the 

problem or to plan a solution. These abilities and attitudes are best learnt through 

just-in-time instruction, in which students know they can get help if they become 

stuck in the solution process. By answering questions (e.g. What do you think the 

problem is about? Do you think your diagram represents all the relevant features 

of the problem? Have you ever solved a problem that looked like this one?) and 

being given content hints, students can be better taught to use the different 

episodes in problem-solving and learn how to approach problems than through 

worked examples (Moreno, 2006). In many cases, digital instruction is directed by 

the computer and only permits one way of solving the problem, or it is a very open 

system which does not really help students. An important characteristic of the 

program developed here is that the digital support is sufficiently open for students 
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to be able to develop their own problem-solving strategies (indirect instruction) 

but not too open, thus allowing them to find the help they need and not lose track. 

Instruction should give opportunity for reflection. The combination of hints 

(just-in-time instruction) with worked examples afterwards appeared to be 

effective. Worked examples probably enhance student reflection on the problem-

solving process and provide an opportunity to consult alternative ways to solve a 

problem. Knowing that there are more ways than one will increase flexibility in 

problem-solving and boost self-confidence. This is especially the case if students 

understand different ways of solving a problem and are able to weigh the pros and 

cons of the different solutions. Helping students to solve problems themselves will 

raise their confidence and improve their self-efficacy. This is especially important 

for lower-achieving students who may experience many failures and thus lose 

their self-confidence, which is a very important factor in gaining more problem-

solving skills (Mayer, 2008). 

 

8.4.4 Practical remarks about supporting problem-solving 

The research reported here covers a period of more than five years, during which 

considerable time was spent on designing a workable and effective computer 

program. Considerable time was also spent on constructing a blended learning 

environment which combined instruction by the teacher and the use of the 

computer program for individual practice by students. Before the computer 

program was developed, a paper version of the program was pilot tested to gain 

an understanding of the strengths and weaknesses of the indirect teaching 

approach (see Chapter 2). The planning and results of the activities were discussed 

with a small group of experts who gave their support throughout the research. A 

fairly good idea of how the program would be used and how it could be 

implemented in physics lessons was gained before the experiments were 

undertaken. 

For this research project it was necessary to contact not only the teachers at 

the participating schools, but also the supervisors of the computer rooms in the 

school in order to make sure Physhint was implemented properly. It was found 

that it is very important for a successful experiment to have teachers who know the 

computer program’s content and can relate it to their physics textbook and the 

lessons they teach. Furthermore, it is important that teachers allocate time for the 
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students to work independently (in accordance with the lesson plan), oversee the 

students at work and give directions if needed. Without these necessary conditions 

the experiments would have failed (see also Ruiz-Primo, Shavelson, Hamilton & 

Klein, 2002). 

This point can also be taken to a more general level. As computers become 

increasingly common in schools, many materials have been developed to support 

teaching and learning in schools. However, many schools still do not have the 

proper facilities to use these materials, or the facilities cannot be configured in such 

a way that they can be used regularly and without fault during lessons. The 

problems are often of a technical and pedagogical nature. Technically, the 

programs are often not tested for use in schools on a regular basis. Pedagogically, 

the materials often do not fit in with the teaching routines in the classroom. When 

publishers provide textbooks with additional digital learning materials, use of 

these materials should be encouraged by offering teachers courses on how to use 

the materials during class on a regular basis. If necessary, technical staff at schools 

should be trained in how to correctly install and run a program on the computer 

server. This thesis has shown that it is possible to design a program that combines 

the teaching of physics with digitally supported independent student practice in 

problem-solving. The program worked well in a school context. It is recommended 

that publishers should take the teacher’s role into account when designing a digital 

program to support the students’ learning processes, and without doubt a pilot 

testing of the usability and effectiveness of a program in a school setting is needed 

before the product is placed on the market. 
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SUMMARY 
 

Problem-solving plays a major role in physics education. Secondary school 

students need problem-solving skills to answer questions in tests and final exams, 

while some students who go on to higher education will be required to solve 

problems in physics or related subjects. This is a report on a study investigating 

how students attending pre-university education (fourth year) can be helped to 

solve physics problems in the topic of forces. 

Students need different kinds of knowledge and skills in order to be able to 

solve problems. Firstly, there is knowledge of facts and concepts about a particular 

subject, which we call declarative knowledge. Secondly, students need to know 

how to apply this knowledge of facts and concepts, or procedural knowledge. 

Examples include applying a formula, as well as more general procedures such as 

numeracy skills. Thirdly, knowledge of more general strategies is needed to solve 

problems. Students must analyse a problem, take the time to organize their own 

background knowledge and devise a plan to solve the problem. They also need to 

reflect on the process during and after problem-solving (meta-cognition). This is 

called strategic knowledge. 

The focus within Dutch school practice is primarily on developing 

declarative and procedural knowledge, with much less emphasis on teaching 

strategic knowledge. In fact, strategic knowledge is only highlighted during 

preparation for the final exams. This raises the question of how student strategic 

knowledge can be improved. The literature shows the conditions under which this 

can be done:  

• students should play an active role in problem-solving 

• students should be given an opportunity to develop their own problem-

solving strategies 

• students should solve many problems in many different learning situations 

within a specific domain 

• during problem-solving, the problem-solving process itself and reflection on 

it should be emphasized. 

 

Offering computer support during problem-solving within regular 

education is one way to meet the above criteria. Designing computer support 
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entails making various decisions. The first is whether support should be given 

before, during or after problem-solving. Considerable experience has been built up 

in offering instructions before students tackle problems, but this type of support 

primarily improves declarative and procedural knowledge. The research literature 

shows that the most effective way to promote the development of strategic 

knowledge is to offer help during and immediately after problem-solving. This is 

the form of support selected for the experiments in this study.  

A second decision concerns whether support should be computer-driven or 

student-driven. Because students require opportunities to develop their own 

strategic knowledge, we opted to allow students to decide when and which kind of 

support they needed.  

The third decision relates to the type of task on which students work and 

the variation in the model answers presented by the computer. For this study we 

opted for tasks involving different solution routes but a single correct answer. If a 

learning environment supports only one way to solve a problem, the assumption is 

that this is the best way. By supporting several solutions and outcomes for a 

particular problem, this suggests that there is no single best way and that students 

themselves should decide which best suits them. This is expected to promote the 

development of strategic knowledge. To ensure that students did not lose their 

way while solving problems, the program presented students with a range of 

options within a fixed structure.  

 

This thesis describes a study into the effect of the computer program 

Physhint, a learning environment based on the principle of student-driven support, 

provided at the time students need it. The above criteria for developing strategic 

knowledge were considered in the design of the learning environment. These were 

an active student role, learning support in the form of several ways to solve the 

problem, diverse task contexts and an emphasis on reflecting on the problem-

solving process. 

The study was conducted to answer the following two research questions 

arising from the literature review: 

1. Does student use of a computer program during and after the solving of physics 

problems in school practice improve their strategic knowledge? 

2. How does such a computer program improve the development of students’ strategic 

knowledge? 
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Students can use Physhint during regular lessons to solve physics problems. 

The problems presented in the chapters on forces in the physics textbook can also 

be found in the computer program. If students opt to work out a problem in the 

program, this will appear on the left of the screen. A menu with keywords of 

possible hints is shown on the right of the screen, together with an opportunity to 

enter and to check answers. 

 The menu containing the keywords of hints is arranged in accordance with 

Schoenfeld’s episodes for problem-solving. According to Schoenfeld, experts solve 

problems by first of all analysing the problem thoroughly, seeking the tools 

required and then making a plan and carrying it out. The problem-solving process 

is completed with a check and an evaluation of the solution. Students do not need 

to follow these steps in this exact sequence in order to solve a problem correctly, 

but they do need to give sufficient attention to all episodes. According to 

Schoenfeld, novice problem solvers experience particular difficulty finding 

solutions because they do not spend enough time analysing the problem.  

 The computer program contains hints for the different problem-solving 

episodes. The survey heading offers hints on analysing a problem, for example 

drawing a diagram of the problem, or working out an example with numbers. The 

tools heading presents clues for supplementary declarative or procedural 

instructions needed to solve the problem. If students are still unable to find a 

solution, they can look under plan for one or more parts of the model answer and 

then proceed. Once the problem-solving process is completed, students are shown 

a second menu from which to select more model answers with which to evaluate 

their solutions. 

 

The program effects were investigated in two experiments in which groups 

of students using the program were compared with a control group (solving the 

same set of problems) that used a physics textbook containing model answers. In 

the first experiment, the experimental group used the program that offered hints 

during problem-solving and model answers after problem-solving (experimental 

group with hints: n = 11; control group: n = 26). The second experiment was an 

expansion of the first and included a second experimental group that used the 

computer program offering model answers after problem-solving but no hints 
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during problem-solving (group with hints: n = 18; group without hints: n = 18; 

control group: n = 23). 

For the first experiment, the program was implemented in a secondary 

school in the northern Netherlands, and for the second, in four secondary schools 

across the Netherlands that had achieved average final exam results. The 

participants in both experiments were 15–16 year olds, fourth-year pre-university 

secondary education students who were supervised by experienced teachers with 

a grade one teaching qualification. 

During the experiments the computer recorded data (use of hints, solving 

problems, time spent on problem-solving) on use of the program by students in the 

experimental groups. Comparable data was gathered for the control group by 

asking students to log it themselves. This information was then checked by the 

teachers. In addition, students were required to sit four tests: a pre and post-test 

that tested declarative and procedural knowledge, and a pre and post-test that 

tested strategic knowledge. 

A comparison of the pre and post-tests taken during the experiments 

showed that students in the experimental groups who used the computer program 

developed better strategic knowledge than the control group. The first experiment 

showed that students using the full version of the program with hints while 

solving problems and model answers after solving problems performed better than 

the control group which used the textbook with model answers. The second 

experiment showed that providing hints during problem-solving is more beneficial 

than simply offering model answers after problem-solving. This experiment also 

showed that the group using the computer program with only model answers 

following problem-solving scored better on the strategic knowledge test than the 

control group with the textbook containing model answers. 

 In both experiments, use of the program by students in the experimental 

groups was analysed for possible clues about effective use. The results showed that 

students in the experimental groups who used the program did not spend more 

time on problem-solving. However, they did solve more problems correctly. In 

other words, they had more experience in correctly solving problems themselves. 

The study also investigated whether students in the experimental group 

began making more systematic use of the program’s hints and model answers. 

Systematic use of hints means following Schoenfeld’s episodes. In other words, 
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first consulting hints for the survey episode, then for tools, followed by plan, but not 

in the reverse sequence. Systematic use of model answers entails consulting a 

model answer, even if the problem has been solved correctly. Some students in the 

experimental groups showed an increased systematic use of model answers. These 

students also scored significantly higher on the strategic knowledge post-test than 

the group that did not increase its systematic use of hints. 

 

We may conclude that both the full version of the program and the version 

containing only model answers had a positive effect on developing students’ 

strategic knowledge. These students showing an improvement in the systematic 

use of hints while using the program, developed their strategic knowledge 

significantly better than students who did not do so. 

This study therefore demonstrated that indirect computer-supported 

instruction can promote the strategic knowledge of students. The help and 

feedback offered need to be available immediately and on demand as this gives 

students an opportunity to develop their own problem-solving strategies. 

Reflection on the problem-solving process warrants more attention. This can be 

achieved by having students ask questions about the problem-solving process, but 

also by discussing different problem-solving options. A combination of making 

help available during the problem-solving process and providing model answers 

afterwards can boost the students’ strategic knowledge, thereby helping them to 

become more proficient at solving physics problems. 

 

The conclusions of the study are limited in several respects. The study used 

problems that required a single clear answer. Also, the experiment involved the 

topic of forces within the subject of physics. Further research could be conducted 

into the program’s effect within other topics and subject areas.  

 A further limitation is the relatively small number of students taking part in 

the experiments. Although the study was able to confirm most of the expectations, 

others were not confirmed. A larger-scale follow-up study could perhaps 

demonstrate the stability of the effects found. Such a study could be expanded to 

include a more in-depth analysis within the experimental groups as to how 

students used the program, whether they viewed it as useful and whether the use 
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of hints boosted their self-efficacy. This thesis did not pay any attention to these 

sociocognitive aspects of learning to solve problems. 

 In addition to the implications for future research, this study has potential 

implications for teaching. The development of strategic knowledge is important for 

students because the national examination requires strategic knowledge for the 

successful solving of problems. Possessing strategic knowledge is also a factor in 

success in tertiary education. For these reasons, teaching strategic knowledge 

deserves a greater emphasis in secondary education than it has at present.  

The development of strategic knowledge can be encouraged by setting 

several criteria for the type of problems that students are asked to solve. For 

example, this study has shown that strategic knowledge can be improved by 

practising physics knowledge in different situations. It is important that the 

problems capture students’ interest by being linked to contexts that are relevant to 

the students. In addition, problems should be set at the right level of difficulty. 

Students must work hard to solve them, but should nevertheless succeed with the 

aid of systematic hints. In this way students acquire positive learning experiences 

in the use of strategic knowledge and should therefore become more self-

confident. In practice, this often means that problems can be more difficult and 

more open than is currently the case.  
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SAMENVATTING 

 

Het oplossen van problemen speelt een belangrijke rol in het 

natuurkundeonderwijs. In de eerste plaats is de vaardigheid om problemen op te 

lossen voor leerlingen in het voortgezet onderwijs van belang bij het 

beantwoorden van opgaven tijdens schooltoetsen en het eindexamen. In de tweede 

plaats zullen sommige leerlingen in hun vervolgonderwijs te maken krijgen met 

het oplossen van problemen in de natuurkunde of verwante vakken. In deze 

dissertatie wordt gerapporteerd over een onderzoek waarbij is nagegaan hoe 

leerlingen uit 4-vwo beter in staat worden gesteld om natuurkundeproblemen in 

het domein 'krachten' op te lossen. 

Voor het oplossen van problemen heeft een leerling verschillende soorten 

kennis en vaardigheden nodig. Ten eerste is er kennis van feiten en begrippen over 

een bepaald onderwerp; dit wordt declaratieve kennis genoemd. Daarnaast moet 

een leerling weten hoe hij deze feitenkennis en begrippen kan toepassen: 

procedurele kennis. Men kan hierbij denken aan het invullen van een formule, 

maar ook meer algemene procedures als rekenvaardigheden worden hiertoe 

gerekend. Als laatste speelt de strategische kennis van meer algemene strategieën, 

nodig om problemen op te lossen, een rol. Hieronder verstaat men dat de leerling 

een probleem analyseert, de tijd neemt om de eigen achtergrondkennis te 

organiseren en daarmee een plan uitwerkt om een probleem op te lossen. Ook het 

reflecteren op het oplosproces tijdens en na het oplossen van een probleem 

(metacognitie) wordt hieronder verstaan. 

In de praktijk van het onderwijs wordt vooral aandacht besteed aan het 

aanleren van declaratieve kennis en procedurele kennis. Het aanleren van 

strategische kennis krijgt veel minder aandacht. Eigenlijk gebeurt dit alleen tijdens 

het voorbereiden op het eindexamen. Het is de vraag hoe de ontwikkeling van 

strategische kennis kan worden gestimuleerd. In de literatuur zijn voorwaarden te 

vinden waardoor strategische kennis van leerlingen kan verbeteren:  

• de leerling heeft een actieve rol in het oplossen van problemen; 

• de leerling heeft ruimte om zijn eigen oplosstrategieën te ontwikkelen; 

• de leerling lost opgaven op in verschillende probleemsituaties (contexten); 

• tijdens het oplossen wordt nadruk gelegd op het expliciteren van en de 

reflectie op het oplosproces. 
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Door gebruik te maken van computerondersteuning tijdens het oplossen 

van problemen kan in het reguliere onderwijs aan bovenstaande eisen worden 

voldaan. Bij het ontwerpen van ondersteuning door de computer moeten 

verschillende keuzes worden gemaakt.  

De eerste keuze is of de ondersteuning voor, tijdens of na het oplossen van 

problemen wordt aangeboden. Er is veel ervaring opgedaan met het aanbieden 

van aanwijzingen voordat leerlingen zelf problemen gaan oplossen, maar door 

deze vorm wordt vooral declaratieve en procedurele kennis ontwikkeld. Uit 

onderzoeksliteratuur blijkt dat voor het ontwikkelen van strategische kennis 

vooral de hulp tijdens en direct na het oplossen van problemen effectief is. Dit is 

ook de vorm waarvoor in de experimenten is gekozen.  

Een tweede keuze die moet worden gemaakt is of de computer bepaalt 

wanneer hulp wordt geboden, of de leerling. Omdat hiervoor al als eis is gesteld 

dat voor de ontwikkeling van strategische kennis de leerling de ruimte nodig heeft 

om die zelf te ontwikkelen, is er in de experimenten voor gekozen dat de leerling 

kiest wanneer hij welke hulp wil raadplegen. 

De derde keuze betreft het type opgave waar de leerlingen aan werken en 

de variatie in de door de computer gepresenteerde uitwerkingen. In dit onderzoek 

is gekozen voor opgaven waarbij er verschillende oplosroutes zijn maar waar 

slechts één antwoord correct is. Wanneer in een leeromgeving slechts één 

oplossingswijze wordt ondersteund, wordt er van uitgegaan dat deze manier de 

beste is. Bij het ondersteunen van meer oplossingen en uitkomsten voor een 

bepaald probleem wordt als uitgangspunt genomen dat niet één manier de beste is 

maar dat de leerling zelf moet beslissen welke manier het best bij hem past. De 

verwachting is dat dit het ontwikkelen van strategische kennis bevordert. Om 

ervoor te zorgen dat leerlingen de weg niet kwijtraken tijdens het oplossen van 

problemen, geeft het programma de leerlingen wel de keuzemogelijkheden, maar 

zo dat leerlingen een vaste structuur hebben waarbinnen die keuzes worden 

aangeboden. 

 

Deze dissertatie beschrijft het onderzoek naar het effect van het 

computerprogramma Physhint, een leeromgeving die is gebaseerd op de principes 

van ondersteuning geven op aanwijzing van de leerling, op het moment dat de 
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leerling die nodig heeft. Bij het ontwerpen van de leeromgeving werd rekening 

gehouden met de voorwaarden voor de ontwikkeling van strategische kennis zoals 

die hierboven zijn genoemd: een actieve rol voor de leerling, didactische 

ondersteuning bestaande uit meerdere oplossingswijzen, diversiteit aan contexten 

in de opgaven en aandacht voor reflectie op het oplossingsproces. 

Het onderzoek werd gedaan aan de hand van twee uit het voorgaande 

literatuuroverzicht voortvloeiende onderzoeksvragen: 

1. Verbetert het gebruik van een computerprogramma door leerlingen in de 

schoolpraktijk tijdens en na het oplossen van natuurkundeproblemen de 

ontwikkeling van strategische kennis van deze leerlingen? 

2. Op welke manier zal een dergelijk computerprogramma de ontwikkeling van de 

strategische kennis van leerlingen verbeteren? 

 

Physhint kan in de reguliere les worden gebruikt door leerlingen tijdens het 

zelfstandig oplossen van natuurkundeproblemen. De opgaven die in het leerboek 

natuurkunde in de hoofdstukken over 'krachten' staan, zijn ook terug te vinden in 

het computerprogramma. Kiest een leerling in het programma om een opgave uit 

te werken, dan komt deze opgave op de linkerkant van het scherm; aan de 

rechterkant van het scherm wordt een menu getoond met mogelijke hints en een 

mogelijkheid om antwoorden in te voeren en te laten controleren.  

Het menu met daarin sleutelwoorden van een hint zijn gerangschikt 

volgens de episoden voor het probleemoplossen zoals die zijn gegeven door 

Schoenfeld. Volgens Schoenfeld lossen experts problemen op door eerst een goede 

analyse van een probleem te maken, daarbij benodigde gereedschappen te zoeken, 

vervolgens een plan te maken en dit uit te werken. Het oplosproces wordt 

afgesloten met een controle en evaluatie van de oplossing. Voor het correct 

oplossen van problemen hoeft een leerling deze stappen niet precies in die 

volgorde te maken, maar de leerling dient wel alle episoden voldoende aandacht te 

geven. Volgens Schoenfeld hebben beginnende probleemoplossers veel moeite met 

het vinden van een oplossing, vooral omdat ze te weinig aandacht geven aan een 

goede analyse van het probleem.  

In het computerprogramma zijn voor de verschillende fasen in het oplossen 

van problemen hints opgenomen. Zo geven hints onder de kop terreinverkennen 

aanwijzingen hoe een probleem te analyseren, bijvoorbeeld door het advies een 

schets van het probleem te maken, of een getallenvoorbeeld uit te rekenen. Onder 
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het kopje gereedschap zijn aanvullende declaratieve of procedurele aanwijzingen te 

vinden die nodig zijn voor het oplossen van het probleem. Mocht een leerling er 

dan nog niet uitkomen, dan kan hij onder plan één of meerdere delen van 

uitwerkingen zien zodat de leerling daar mee verder kan. Nadat het oplosproces is 

uitgevoerd krijgt de leerling een tweede menu te zien waar kan worden gekozen 

uit meerdere uitwerkingen van het probleem (modelantwoorden) zodat de leerling 

zijn oplossing kan evalueren. 

 

De effecten van het programma zijn onderzocht in twee experimenten 

waarbij het gebruik van het programma door groepen leerlingen werd vergeleken 

met een controlegroep die tijdens het oplossen van problemen gebruik maakte van 

een leerboek natuurkunde met daarbij uitwerkingen van de opgaven. In het eerste 

experiment had de experimentele groep (experimentele groep met hints: n = 11, 

controlegroep: n = 26) de beschikking over het programma met daarin hints tijdens 

het oplossen van problemen, en uitwerkingen na het oplossen van de problemen. 

Het tweede experiment was een uitbreiding van het eerste experiment door de 

toevoeging van een tweede experimentele groep die wel het computerprogramma 

met problemen ter beschikking had met de uitwerkingen achteraf, maar niet de 

hints tijdens het oplossen (groep met hints: n = 18, groep zonder hints: n = 18, 

controlegroep: n = 23). 

In het eerste experiment werd het programma geïmplementeerd in een 

school voor voortgezet onderwijs in Noord-Nederland; in het tweede experiment 

werd het programma geïmplementeerd op vier over Nederland verspreide scholen 

voor voortgezet onderwijs met gemiddelde eindexamenresultaten. In beide 

experimenten waren de deelnemers 15 à 16 jarige 4-vwo leerlingen en stonden 

onder begeleiding van ervaren eerstegraads docenten. 

Tijdens de experimenten werden van de experimentele groepen door de 

computer gegevens van de leerlingen geregistreerd over hun gebruik van het 

programma (gebruik hints, beantwoorden van opgaven, tijd besteed aan het 

oplossen). Van de controlegroep werden vergelijkbare gegevens verzameld 

doordat leerlingen deze bijhielden. De gegevens werden gecontroleerd door de 

docent. Daarnaast moesten de leerlingen in totaal vier toetsen maken: een 

voortoets en een natoets die de declaratieve en de procedurele kennis testten en 

een voortoets en een natoets die de strategische kennis bepaalden. 
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Uit de vergelijking van de voor- en natoetsen die tijdens de experimenten 

werden afgenomen bleek dat het gebruik van het computerprogramma leerlingen 

helpt hun strategische kennis beter te ontwikkelen in vergelijking met de 

controlegroep. Uit het eerste experiment bleek dat de volledige versie van het 

programma met gebruik van hints tijdens en uitwerkingen na het oplossen een 

meerwaarde biedt ten opzichte van de ondersteuning van de controlegroep die 

gebruik maakte van het leerboek met uitwerkingen. Het tweede experiment 

toonde aan dat het aanbieden van hints tijdens het oplossen een meerwaarde heeft 

ten opzichte van het alleen aanbieden van uitwerkingen na afloop. Verder toonde 

dit experiment aan dat het computerprogramma met alleen uitwerkingen na het 

oplossen ook een meerwaarde biedt ten opzichte van het leerboek met 

uitwerkingen in de controlegroep. 

In beide experimenten is het gebruik van het programma door de leerlingen 

in de experimentele groepen geanalyseerd op mogelijke aanwijzingen hoe 

leerlingen (effectief) gebruik maken van het programma. De uitkomst is dat in de 

experimenten leerlingen niet meer tijd besteedden aan het oplossen van de 

problemen wanneer zij gebruik maken van het programma. Wel losten leerlingen 

in de experimentele groepen meer opgaven correct op, deze leerlingen deden dus 

meer ervaring op met het zelf correct uitwerken van problemen. 

Ook werd gekeken of leerlingen gedurende het experiment meer 

systematisch gebruik gingen maken van de hints en de uitwerkingen van het 

programma. Met het systematische gebruik van hints wordt dan bedoeld dat de 

episoden van Schoenfeld worden gevolgd, dat betekent dat eerst eventueel hints 

worden geraadpleegd voor de episode terreinverkennen, daarna eventueel voor de 

episode gereedschap en daarna eventueel voor de episode plan, maar niet in de 

omgekeerde volgorde. Systematisch gebruik van de uitwerkingen houdt ook in dat 

een uitwerking wordt geraadpleegd, ook als al een goed antwoord is gegeven. 

Voor een deel van de leerlingen van de experimentele groepen werd dit 

aangetoond. De groep die een ontwikkeling liet zien van het systematische gebruik 

van hints scoorde ook significant hoger op de natoets strategische kennis dan de 

groep die geen ontwikkeling in systematisch gebruik van hints liet zien. 

 

Geconcludeerd kan worden dat zowel de gehele versie van het programma 

als ook de versie met alleen uitwerkingen een positieve invloed hadden op het 
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ontwikkelen van strategische kennis door leerlingen. Leerlingen die tijdens het 

gebruik van het programma een toename lieten zien in het systematische gebruik 

van de hints van het programma ontwikkelden hun strategische kennis significant 

beter dan leerlingen die dat niet deden. 

In dit onderzoek is dus aangetoond dat indirecte instructie met behulp van 

de computer de strategische kennis van leerlingen kan bevorderen. De aangeboden 

hulp en terugkoppeling dienen direct beschikbaar te zijn, op verzoek van de 

leerling. Hierdoor krijgen leerlingen de gelegenheid om hun eigen oplosstrategieën 

te ontwikkelen. Daarnaast verdient de reflectie op het oplosproces aandacht. Dit 

kan bijvoorbeeld door leerlingen vragen te stellen over het oplosproces, maar ook 

door verschillende oplosmogelijkheden te bespreken. Een combinatie van 

beschikbare hulp tijdens het oplosproces en het verstrekken van uitwerkingen 

daarna kan de strategische kennis van leerlingen verbeteren zodat leerlingen met 

meer succes natuurkundeproblemen oplossen. 

 

De conclusies van het onderzoek zijn in een aantal opzichten beperkt. Zo is 

voor het onderzoek gebruik gemaakt van problemen die een eenduidig antwoord 

verlangen. Daarnaast is het experiment uitgevoerd voor het onderwerp krachten 

binnen het vak natuurkunde. Meer onderzoek zou kunnen worden gedaan naar de 

invloed van de onderzochte instructie voor andere onderwerpen en vakken. 

Een andere beperking is het relatief kleine aantal leerlingen dat aan de 

experimenten heeft deelgenomen. De meeste verwachte effecten bleken duidelijk 

aanwezig, maar enkele werden niet gevonden. In een groter opgezet 

vervolgexperiment kan de stabiliteit van de gevonden effecten worden 

aangetoond. Het vervolgonderzoek zou kunnen worden uitgebreid met een nadere 

analyse binnen de experimentele groepen over hoe leerlingen gebruik maken van 

het programma, of zij hun gebruik als nuttig ervaren en of het gebruik van hints 

hun zelfvertrouwen versterkt. Aan deze sociaal-cognitieve aspecten van het leren 

oplossen van problemen is in deze dissertatie geen aandacht besteed. 

Naast implicaties voor vervolgonderzoek heeft dit onderzoek ook mogelijke 

gevolgen voor het onderwijs. De ontwikkeling van strategische kennis is van 

belang voor leerlingen omdat het centrale examen zo is opgezet dat strategische 

kennis nodig is om de opgaven met succes op te lossen. Ook in het tertiair 

onderwijs is het bezitten van strategische kennis een factor voor mogelijk succes. 
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Daarom verdient het onderwijs in strategische kennis meer aandacht in het 

voortgezet onderwijs dan het nu krijgt. 

De ontwikkeling van strategische kennis kan worden gestimuleerd door een 

aantal voorwaarden te stellen aan het type problemen dat men leerlingen laat 

oplossen. Zo is met dit onderzoek aangetoond dat strategische kennis kan worden 

verbeterd door natuurkundekennis te oefenen in verschillende situaties. Het is van 

belang dat de problemen interessant zijn voor leerlingen door de natuurkunde te 

koppelen aan voor hen relevante contexten. Verder zou het niveau van problemen 

zo moeten zijn dat leerlingen moeite hebben de problemen op te lossen, maar daar 

met behulp van systematisch aangeboden hints toch in slagen. Leerlingen doen op 

deze manier positieve leerervaringen op met het gebruik van strategische kennis 

en worden naar verwachting zelfverzekerder. In de praktijk betekent dit vaak dat 

problemen moeilijker en opener kunnen zijn dan nu vaak het geval is.  
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Appendix A: Knowledge pre-test, to test declarative and procedural knowledge 

(Bron opgave 18, 19, 20: Mazur, 1997) 

Opgave 1 

Paul fietst naar school. Zijn snelheid verandert niet. Noem drie 

krachten die op de fiets werken. 

Opgave 2 

Een regeldruppel valt naar beneden. Welke kracht(en) werkt(en) op de regendruppel? 

Opgave 3 

Ellen drukt bij fitnesstraining een veer in. Welke kracht werkt of welke krachten werken dan op 

haar hand? 

Opgave 4 

Hiernaast zie je twee pijlen die beide een kracht voorstellen die 

twee dames uitoefenen op een blok hout. De kleine is 3 

Newton, de grote is 5 Newton. Hoe groot is het totaal van de beide krachten? 

Opgave 5 

Hiernaast zie je twee pijlen die beide een kracht 

voorstellen die twee dames uitoefenen op een blok 

hout. De kleine is 3 Newton, de grote is 5 Newton. Hoe groot is het totaal van de beide krachten? 

Opgave 6 

Hiernaast zie je twee krachten die beide werken op een klein 

vliegtuigje. De kleine is 3 Newton, de grote is 5 Newton. Hoe groot 

is het totaal van de beide krachten? 

Opgave 7 

Hiernaast zie je een rechthoekige driehoek. De lange rechte zijde is  

4 cm lang. De korte rechte zijde is 3 cm lang.  

Hoe lang is de schuine zijde? 

Opgave 8 

Hiernaast zie je een rechthoekige driehoek. De lange rechte zijde is  

4 cm lang. De korte rechte zijde is 3 cm lang. Hoe groot is hoek α ? 

Opgave 9 

Als een auto versnelt, van welke eigenschappen van de auto hangt 

deze versnelling dan af? 

 

4 

3 

 

4 

3 

α 
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Opgave 10 

Een lichte auto en een zware auto trekken met dezelfde motorkracht op. Wat kun je zeggen over de 

versnelling van de auto’s? 

Opgave 11 

Jet hangt haar etui van 75 g aan een krachtmeter. 

Hoeveel newton geeft de krachtmeter aan? 

Opgave 12 

Jet hangt de krachtmeter met etui (van 75 g) aan een tweede, identieke krachtmeter. De massa van 

een krachtmeter is 15 g. Wat geeft de bovenste krachtmeter aan? Maak eerst een tekening. 

Opgave 13 

Obelix draagt een geleende koe terug. De zwaartekracht van de koe is 4000 N. Bereken de massa 

van de koe. 

Opgave 14 

De nettokracht op de koe is 0 N. Hoe groot is de spierkracht die Obelix levert? Leg uit waarom. 

Opgave 15 

Asterix wil graag een deur open duwen met een duwkracht van 300 N, maar krijgt geen beweging 

in deze deur. Hoe groot is de kracht waarmee de deur terugduwt? Leg uit waarom. 

Opgave 16 

Een ruimteschip vliegt door de ruimte met de motor uit. Planeten en sterren zijn zo ver weg dat het 

ruimteschip hier niets van merkt. Wat gebeurt er met de snelheid van het ruimteschip en waarom? 

Opgave 17 

Twee metalen ballen hebben dezelfde grootte maar een weegt twee keer zo veel als de ander. De 

ballen worden tegelijkertijd losgelaten vanaf het dak van een gebouw. Geef aan welke van de ballen 

het snelst beneden is en waarom. 
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Opgave 18 

Iedere seconde wordt de positie van twee 

blokjes gemeten. De posities zijn de 

genummerde blokjes in het figuur. De 

blokjes gaan van links naar rechts. Leg uit of 

de twee blokjes ooit tegelijk dezelfde 

snelheid hebben, en als ze dat hebben, waar dat dan gebeurt. 

Opgave 19 

Het plaatje hiernaast laat een wrijvingsloze pijp zien in de 

vorm van een cirkel met centrum O. Deze pijp is geplaatst 

op een wrijvingsloze tafel. Jij kijkt van boven op de tafel. De 

luchtwrijving kan worden verwaarloosd. Er wordt met hoge 

snelheid een kogel bij P in de pijp gestoten. 

 

Welke van de aangegeven banen beschrijft de kogel na het 

verlaten van de pijp bij R en waarom? 

Opgave 20 

Er valt per ongeluk een bowlingbal uit een 

transportvliegtuig als deze in een horizontale vlucht 

overvliegt. Een toeschouwer op de grond ziet dit 

gebeuren. Op welke van de hieronder getekende manieren 

ziet de toeschouwer de bowlingbal naar beneden vallen en 

waarom?

P

2 3 4 5 6 7 8 1 

1 2 3 4 5 6 7 
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Appendix B: Knowledge post-test, to test declarative and procedural knowledge 

(Source problem 5, 6, 7, 8, 9, 10: Mazur, 1997) 

 

Opgave 1  

In de figuur is een voorwerp getekend waarop twee krachten van 

beide 6 N groot werken. Construeer de resulterende kracht op het 

voorwerp en bepaal de grootte van deze resulterende kracht. 

 

Opgave 2  

Stel er worden door constructie twee krachten bij elkaar opgeteld, de één is 5 N groot, de ander 3. 

De hoek tussen de beide krachten is niet bekend. Wat kun je dan zeggen over de resultante van de 

beide krachten? 

 

Opgave 3 

Een parachute hangt in de lucht. De parachute valt recht naar beneden en op dat moment werken 

een zwaartekracht van 900 N en een wrijvingskracht van 500 N op de parachute. Op hetzelfde 

moment wordt de parachute gepakt door een windvlaag waardoor er ook nog een zij-windkracht 

van 300 N gaat werken. Teken het krachtenplaatje van deze situatie en bepaal de resulterende 

kracht. 

 

Opgave 4 

Is de normaal-kracht op een voorwerp altijd gelijk aan de zwaartekracht op het voorwerp? Leg uit 

waarom wel/niet of als je dat niet zo kunt zeggen, welke informatie je dan nog nodig hebt. 

 

Opgave 5 

Een voorwerp glijdt zonder wrijving over een glijbaan. Geef met 

een pijl aan hoe de Fres in P en in R is gericht en leg uit waarom je 

deze richtingen kiest. 

 

Opgave 6 

Een constante kracht werkt op een (cart) wagen in rust op een luchtzweefbaan. De wrijving is 

verwaarloosbaar. Er werkt voor een korte tijd een bepaalde kracht op de wagen. 

Hierna doen we het experiment nog een keer, maar met de halve kracht. Geef aan wat er dan met 

het tijdsinterval moet gebeuren om toch dezelfde 

snelheid te krijgen en leg uit waarom. (Je kan 

bijvoorbeeld zeggen, 4 keer zo lang, 2 keer zo 

lang, even lang, half zo lang of een kwart keer zo 

lang) 
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Opgave 7 

Je gebruikt een sleutel om een roestige schroef los te maken. Welke 

van de nevenstaande situaties is het meest effectief om de schroef los 

te maken en waarom? Geef de volgorde aan van meest effectief naar 

minst effectief en leg uit waarom. 

 

Opgave 8 

Wij hebben de volgende situatie ‘Ik probeer een kist over een 

horizontale vloer te schuiven, maar ik krijg er geen beweging in.’ Er 

is dan een kracht van mij op de kist en er is een kracht die de vloer op 

de kist uitoefent. Leg uit of de genoemde krachten even groot zijn of 

dat één van de beide krachten groter is. 

 

Opgave 9 

Er valt per ongeluk een bowlingbal uit een transportvliegtuig als deze 

in een horizontale vlucht overvliegt. Een toeschouwer op de grond ziet 

dit gebeuren. Leg uit op welke van de hiernaast getekende manieren 

ziet de toeschouwer de bowlingbal naar beneden vallen 

 

Opgave 10 

Een stalen bal is vastgemaakt aan een touw en wordt in een horizontaal vlak 

rondgedraaid zoals in het plaatje is te zien. Op het punt P breekt het touw 

vlak bij de stalen bal. Als we van boven naar deze gebeurtenis kijken, leg uit 

hoe de bal dan na het losbreken verder zal bewegen. 

 

Opgave 11 

Je gooit een bal in de lucht. Op het hoogste punt kun je iets zeggen over de snelheid en de 

versnelling van de bal. Geef aan wat er op dat moment met de snelheid en de versnelling aan de 

hand is en leg uit waarom. 

 

Opgave 12 

Stel er is een bepaalde kleinste kracht waarmee je een voorwerp van de 

aarde kunt optillen. Leg uit hoe groot deze kracht dan is.  

 

Opgave 13 

Op een lange rechte weg rijdt een auto met constante snelheid. Op een gegeven moment wil de 

chauffeur sneller gaan rijden en drukt daartoe na t = 20 s het gaspedaal verder in. De kracht die de 

motor levert is als functie van de tijd weergegeven in de figuur hiernaast. Hoe groot is de 

wrijvingskracht op de auto? Verklaar je antwoord.  
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Opgave 14 

Een skiër met een massa van 80 kg wordt met behulp van een sleeplift met 

een constante snelheid omhoog getrokken. De hoek van de helling is 30o. De 

wrijvings-kracht bedraagt 1,2.102 N. Bereken de spankracht in de sleepkabel  

 

Opgave 15 

De kat van Meneer Diepstra is in een 

benauwde situatie verzeild geraakt 

(zie de figuur). Hij is op een plank 

gesprongen die bovenop een paaltje 

ligt. De plank is 3,20 meter lang en heeft een gewicht van 5,0 kg. Verder is de situatie zoals in de 

figuur. De kat, Micky genaamd, heeft een gewicht van 2,5 kg. 

Controleer en motiveer of de plank wel op het paaltje kan liggen zonder dat de kat erop loopt. (tip: 

gebruik draaipunt, zwaartepunt en evenwicht in je antwoord) 

 

Opgave 16 

James Bond heeft een gewicht van 800 N en hangt aan een lijntje boven een 

diepe rivier (zie tekening). Dit lijntje wordt dunner en dunner tot het nog maar 

650 N kan hebben. Bepaal of bereken of hij in de rivier valt of het overleeft? 

 

Opgave 17 

Een homogeen, rechthoekig, betonnen blok (bekroond met de cultuurprijs van 

de gemeente Amsterdam) staat in het stadspark opgesteld (zie tekening). De 

massa van het betonnen blok bedraagt 1,8.103 kg. De hoogte bedraagt 1,60 m. 

Omwonende jongeren hebben met vereende krachten kans gezien het 

monument omver te duwen. Hiervoor is op 1,20 m hoogte boven de grond, bij 

punt A, een steeds horizontaal gerichte kracht Fh uitgeoefend. Zie de figuur. 

Bereken de minimale aanvangs-waarde van Fh  (Het blok gaat niet glijden) 

 

Opgave 18 

Een vlaggenmast is met behulp van een touw verbonden aan een muur in 

een draaibaar punt S. Zie de figuur. De massa van de vlaggenmast 

bedraagt 12 kg en de lengte is 4,0 m.  Het touw maakt een hoek van 40o met 

de vlaggenmast. Bereken de spankracht in het touw. 

 

Opgave 19 

Een Ariane 5-raket wordt met een versnelling van 12 m/s2 de lucht in geschoten. De massa van 

deze raket is 7,1.105 kg. Bereken de stuwkracht. 

 

Opgave 20 

Een lift gaat naar beneden met een vertraging van 2,0 m/s2. In deze lift staat een persoon met een 

massa van 65 kg op een weegschaal. Bereken de aanwijzing van de weegschaal. 

1,10m 0,40m 1,70m 

  

Fh 

0,50m 

1,20m 

0,40m 

                     

                    

                     

              

30
o 

S 40
o 
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Appendix C: Problem-solving pre-test, to test strategic knowledge 

Test has been shortened. In the real test, students, for every problem, had available one A4 space 

with the words ‘verkennen’, ‘aanpak’ and ‘controle and conclusion’ written on it, in order to work 

out the problems. 

 

Afname van de toets 

 

Lees eerst de voorbeeldopgave 

Deze toets bevat 5 korte natuurkundeopgaven. Je moet bij elke opdracht drie dingen opschrijven: 

a. het verkennen van het probleem 

b. de aanpak van het probleem 

c. de controle van je uitkomsten en je conclusie 

We geven een voorbeeld: 

Laura heeft begin 1991 een boom geplant. Zij heeft gelezen dat de boom in de eerste 10 jaar gemiddeld 21 cm 

per jaar groeit. Voorjaar 1999 is de boom 424 cm hoog. 

Hoe hoog was de boom toen Laura hem plantte? 

 

Verkennen:  de situatie en de vraag samenvatten in woorden of in een schema (max. 2 punten) 

Bijvoorbeeld: 

In 1991: ….. cm     In 1998:  424 cm, met 21 cm groei per jaar. 

Hoeveel cm gegroeid en hoeveel cm eerst? 

Aanpak: laat zien hoe je de opdracht oplost (max. 6 punten). Bijvoorbeeld: 

Groei 21 cm x (1999 – 1991) = 21 x 8 = 168 cm 

Lengte in 1991 is: 424 cm – 168 cm = 256 cm 

Controle en conclusie: controleer de uitkomst en geef antwoord op de vraag (max. 2 punten). 

Bijvoorbeeld: 

De boom was ongeveer 420 cm en hij is in acht jaar ongeveer 8 x 20 cm gegroeid. Dus was de boom 

ongeveer 260 cm. 

Conclusie: de boom was begin 1999 waarschijnlijk 256 cm. 

 

Duur van de toets: 1 lesuur. Er volgen nu 6 opdrachten. 

 

Opgave 1 Patrouillevliegtuig 

Een politievliegtuigje patrouilleert boven het Caribische gebied om drugssmokkelaars op te sporen. 

Bij windstil weer haalt het patrouillevliegtuigje een snelheid van 300 km/uur. Bij een volle tank kan 

het vliegtuigje vier uur vliegen. Op een dag gaat een patrouille de lucht in op weg naar een groepje 

eilanden. Op de heenweg heeft het vliegtuigje een tegenwind van 50 km/uur. Er is die hele dag een 

constante wind uit dezelfde richting. 

 

Vraag:  Hoeveel kilometer kan het vliegtuig op de heenweg maximaal vliegen om nog veilig terug 

te kunnen keren? (geen decimalen) 
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Opgave 2 Overstekende hond 

Een snorfiets ziet 10 m voor zich plotseling een hond de weg oversteken. De reactietijd van de 

snorfiets bedraagt 0,60 sec. De snorfiets heeft een snelheid van 25 km/h. 

 

Vraag: Met welke vertraging moet de snorfietser remmen om de hond niet aan te rijden? (in m/s2) 

 

Opgave 3a Stuiterballetje 

Een stuiterballetje wordt van 120 cm boven de vloer van het gymnastieklokaal losgelaten. Elke keer 

dat het balletje stuit komt het 4/10 lager dan de keer er voor. 

 

Vraag: Na hoeveel keer stuiten ligt het balletje vrijwel stil en komt het minder dan 1 mm omhoog?  

 

Opgave 3b Stuiterballetje 

Op basis van de gegevens van de vorige opgaven komen we tot de volgende stelling: 'Het balletje 

komt nooit helemaal stil te liggen'. 

 

Vraag: Klopt deze stelling volgens jou? (antwoord: ja of nee) 

 

Opgave 4 Ontmoetende treinen 

Twee treinen rijden op het traject tussen Amsterdam en Parijs. Ze hadden om 7.30 uur 's ochtends 

tegelijk moeten vertrekken, de één uit Parijs en de ander uit Amsterdam. De trein uit Parijs bestaat 

uit 4 wagons en de trein uit Amsterdam uit 3. Omdat de NS weer eens problemen had met de 

bovenleiding, vertrok de trein uit Amsterdam pas om 8.30 uur. De trein uit Parijs vertrok wel op 

tijd. De afstand tussen beide steden is hemelsbreed 475 km, maar over het spoor 523 km. De Parijse 

trein haalt een gemiddelde snelheid van 150 km/uur. Die uit Amsterdam haalt door een erg 

slaperige machinist maar een gemiddelde snelheid van 120 km/uur. 

 

Vraag: Hoe laat komen de twee treinen elkaar tegen? 

 

Opgave 5 

Jim en Anna houden een wedstrijd met hun zeilboten. Na het startsein vaart Jim als eerste over de 

startlijn. Anna ligt er niet zo handig voor en vaart pas drie minuten na Jim over de start. Anna's 

boot is wel sneller dan die van Jim, zij vaart 23 km/uur, terwijl Jim maar 19 km/uur haalt. 

 

Vraag: Na hoeveel minuten heeft Anna Jim ingehaald? 
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Appendix D: Problem-solving post-test, to test strategic knowledge 

Test has been shortened. In the real test, students, for every problem, had available one A4 space 

with the words ‘verkennen’, ‘aanpak’ and ‘controle and conclusion’ written on it, in order to work 

out the problems. 

 

Afname van de toets 

 

Lees eerst de voorbeeldopgave 

Deze toets bevat 4 korte natuurkundeopgaven. Je moet bij elke opdracht drie dingen opschrijven: 

a. het verkennen van het probleem 

b. de aanpak van het probleem 

c. de controle van je uitkomsten en je conclusie 

We geven een voorbeeld: 

Laura heeft begin 1991 een boom geplant. Zij heeft gelezen dat de boom in de eerste 10 jaar gemiddeld 21 cm 

per jaar groeit. Voorjaar 1999 is de boom 424 cm hoog. 

Hoe hoog was de boom toen Laura hem plantte? 

Verkennen:  de situatie en de vraag samenvatten in woorden of in een schema (max. 2 punten) 

Bijvoorbeeld: 

In 1991: ….. cm 

In 1998: 424 cm, met 21 cm groei per jaar. 

Hoeveel cm gegroeid en hoeveel cm eerst? 

Aanpak: laat zien hoe je de opdracht oplost (max. 6 punten). Bijvoorbeeld: 

Groei 21 cm x (1999 – 1991) = 21 x 8 = 168 cm 

Lengte in 1991 is: 424 cm – 168 cm = 256 cm 

Controle en conclusie: controleer de uitkomst en geef antwoord op de vraag (max. 2 punten). 

Bijvoorbeeld: 

De boom was ongeveer 420 cm en hij is in acht jaar ongeveer 8 x 20 cm gegroeid. Dus was de boom 

ongeveer 260 cm. 

Conclusie: de boom was begin 1999 waarschijnlijk 256 cm. 

 

Duur van de toets: 1 lesuur. Er volgen nu 5 opdrachten. 

 

Opgave 1 Gewichten aan een touwtje 

 

Een gewicht G hangt aan een touw van 1,00 m. We trekken het 

opzij met een gewicht van 0,50 N. De uitwijkingshoek wordt 

350. 

 

Vraag:  Bereken hoeveel G weegt. 

 

 

35o 

1.00 m 

G

K 

0.50 N 
G 
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Opgave 2 Gas op de plank 

 

Op een lange rechte weg rijdt een auto met constante 

snelheid. Op een gegeven moment wil de chauffeur sneller 

gaan rijden en drukt daartoe het gaspedaal verder in. De 

kracht die de motor levert is als functie van de tijd 

weergegeven in de eerste figuur. De massa van de auto met 

chauffeur is 1,0. 103 kg. 

De snelheid van de auto is als functie van de tijd 

weergegeven in de tweede figuur.  

 

Vraag:  Bepaal de totale wrijvingskracht die de auto ondervindt op tijdstip t = 30 s. 

 

Opgave 3 Koord met een katrol 

 

Een katrol draait zonder wrijving. Tussen A en B is een soepel koord 

gespannen. De massa van A is 3,0 kg en de massa van B is 2,0 kg. A 

ondervindt op het horizontale vlak een maximale wrijvingskracht 

van 2,0 N. 

 

Vraag:  Bereken de spankracht in het koord als A wordt losgelaten. 

 

Opgave 4 Waterdrager 

 

Een waterdrager heeft aan beide uiteinden van een homogene plank AB een emmer water hangen. 

De massa van de ene emmer water is 40 kg, de massa van de ander 60 kg. De massa van de plank is 

20 kg en de lengte bedraagt 6,0 m. In een punt S ergens tussen A en B wordt de plank door de man 

ondersteund, zodanig dat deze in evenwicht blijft. 

 

Vraag: Bereken de plaats S op de plank AB. 

 

Opgave 5 Katrol 

 

Een katrol van 3,0 kg hangt aan het plafond (zie tekening) en 

kan zonder wrijving draaien. A en B hangen aan een touw. 

De massa van A is 3,5 kg en de massa van B is 1,5 kg. We 

laten B los.  

 

Vraag: Bereken met welke versnelling A gaat bewegen. 

 A 

 B 

B 
8,0 m 

grond 

A 




