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Teaching problem 
tra,nslation skill 

LEE KAM WAH 

Problem and Problem Solving 

What is a problem? and What is problem solving? are always 
controversial questions in the field of problem solving. To answer the 
first question, Robertson (1983) gave the definition: "a problem is any 
question to which a given individual cannot give an immediate 
answer." Problems can be of many types. They can be artificial 
problems or they can be real problems. The artificial problems such 
as paper-and-pencil problems consist of closed and open-ended 
problems. The real problems include daily life problems or problems 
that happen in industry. Problems can also be of a content-type or of 
a content-free type. The content of problems can cover many 
domains of knowledge such as physics, chemistry, medicine, social 
science, etc. Problems can be free from these sorts of knowledge 
content such as performance in chess or some other sorts of puzzles. 
The term 'problem solving' has a wide range of meanings. 
Nevertheless, almost all of the authors consider problem solving as a 
process by which the problem solver applies knowledge or rules to a 
novel problem situation in order to achieve its solution. 

Variables Influencing Problem Solving 

What are the variables that determine problem-solving 
performance? Lee (1985), through the analysis of the literature, 
identified six important cognitive variables for problem solving. These 
six variables are Specific Knowledge, Non-Specific but Relevant 
Knowledge, Concept Relatedness, Idea Association, Problem 
Translating Skill and Prior Problem Solving Experience. The specific 
knowledge and non-specific but relevant knowledge were combined 
as 'prior knowledge' variables that provide measures of the capacity 
of the memory store. The concept relatedness and idea association 



60 Teachina and Learnina 

were grouped as 'linkage' variables that seek to measure the degree 
of association of the information storage. The problem-translating skill 
and prior problem-solving experience were blocked as 'problem 
recognition skill' variables that seek to measure problem solvers' 
information processing skills about problem statements. These six 
variables were confirmed by Lee's previous study (Lee, 1985) on 
problem solving in electrochemistry that they all contributed 
significantly to problem-solving performance. The study involved 214 
HSC students from 6 schools. However, these variables do have 
different degrees of influence on the problem-solving performance 
for different types or levels of familiarity of problems. For a familiar 
problem, the linkage and problem recognition skill will play a more 
important role in predicting the problem-solving performance. If the 
problem solver is only partially familiar with the problem, the three 
blocked variables will all contribute significantly to predicting the 
problem-solving performance. For an unfamiliar problem, the 
problem recognition skill will be the best predictor of the problem 
solver's performance. 

Purpose of this Paper 

It is shown from research findings that the (i) prior knowledge of 
the problem (ii) ability to link the appropriate knowledge or rules from 
memory or the information from problem statements to generate 
solutions for the problem and (iii) problem recognition skill required to 
make sense of the problem statements are important to problem- 
solving performance. The problem translation skill, the capacity to 
comprehend, analyze, interpret and define a given problem, is 
especially important to solve unfamiliar problems because they are 
the type of problems normally encountered in everyday life. Students 
need to learn how to analyze and interpret the problem situation 
before working out a solution to the problem. It is suggested that 
science teachers can do their bit to train their students in this kind of 
translation skill through science instruction. This paper focuses on 
introducing some methods of teaching problem translation skill to 
science teachers. Examples are also used for illustration. 



Teaching problem translation skill 61 

A Way To Go About Teaching Problem Translation Skill 

Theoretical Background 

Problem translation skill has been emphasized by a number of 
researchers in the field of problem solving (e.g. Gagne, 1977; Larkin, 
McDermott, Simon & Simon, 1980; Chi et al., 1981; Reif & Heller, 
1982; Frazer, 1982; Lee, 1985 & 1992). The characteristics of the 
translation skill were examined either by analyzing the protocols of 
actual problem solving or using a test specifically designed for 
measuring translation skill in science problems. The research 
findings suggest that experts (or teachers) tend to perceive the 
problems in a hierarchical way and this is not the way the students in 
general perceive them. Experts often begin by representing the 
problems in terms of a concrete, physical description of the problem 
to represent physical reality and play that through in their mind as 
they get their intellectual bearings. The representation of problem 
statements are usually from explicit (or concrete) entities mentioned 
in the problem statements to abstract entities related directly to the 
solution. The novices (or students) on the other hand relate to rules 
which have no connection with physical reality. The strategies of 
novices tend to depend on the statements of problems whereas 
experts tend to depend on their prior experience of problem solving. 

Lee (1992) compared the think-aloud protocols of 10 teachers 
and 33 students on their use of problem-solving strategies. The 
results suggest that teachers commonly use two-level translation, the 
general and specific levels, whereas students tend to use one-level 
translation (specific level) in problem-solving processes. At the 
general level of translation, problem solvers represent the problem 
statements in their own words according to their general problem- 
solving experience. They sometimes use diagrams andlor symbols to 
present the problem statements more concretely. In other cases, 
some problem solvers seem to decide to have an overview (or a 
general feel) of the problem statements before going any further into 
a solution. For the specific level of translation, problem solvers 
translate the problem statements into meanings which are essential 
(and hence are specific) for a solution. 
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implications For Teaching Problem Translation Skill 

Two levels of translation i.e. general level and specific level, can 
be emphasized in the instruction of problem solving. Students can be 
taught and encouraged to use the general level of translation or more 
global translation first, and then to follow it up by the specific level of 
translation that relates closely to specific knowledge in the problem 
statements. 

1 

( 1 )  General Level Of Translation 

Teachers could teach students to question themselves about 
important things they need to know about the whole problem before 
embarking on its solution. For example: 

What sort of question is involved? 

Have I come across this type of question before? 

What is the general set up of the problem all about? 

Can I represent the problem statement in a diagram or flow 
chart by using symbols or equations? 

What knowledge is the problem related to? 

What is the general goal for the problem? 

The use of diagrams, equations and symbols could also be 
emphasized in teaching as an aid for visualizing the problem 
situation or representing problem statements. The training of this sort 
of problem translation skill is important because this skill is especially 
useful for solving less familiar and unfamiliar problems. 

(2) Specific Level Of Translation 

Teachers could teach students to translate the parts of the 
problem statements into specific meanings. For instance, what 
important information can be selected from the problem statemerlts 
and what are the goals that can be pursued? Practice of problem 
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translation through class activities or home exercises can be 
organised as part of teaching strategies. Students can be asked to 
underline the important key words from the problem statements, to 
translate the key words into other meanings, to re-state the problem 
statements into their own words, and to set the steps for achieving the 
solution. To illustrate these points, the instructions of these 4 tasks for 
translating any problem are shown below. 

/ Problem Statements / 
Task 1 Underline in this problem statement the key (important) 

pieces of information needed for its solution. 

Task2 For each piece of information you have underlined, 
describe what it means in your own words. 

(a) First piece of information 

(b) Second piece of information 

(c) Third piece of information 

(d) Fourth piece of information 
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(e) Fifth piece of information 

Task 3 List the steps you would use to solve the problem. 

Task 4 If possible, try to write the same problem but using other 
words. 

If the problem is less familiar or unfamiliar to students, students 
should then be encouraged to put together the specific translation of 
the parts, so that the parts of the whole problem can be closely 
examined in relation to each other and thus linked to define a path 
towards a solution. This is suggested because teachers themselves 
tend to organize the specific translation in this way when they are 
solving problems that are less familiar or unfamiliar. 

The following example shows how a chemistry problem is 
translated at the general and specific levels. The details of the 
solution for this problem will not be illustrated. 
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Example 

Nickel and cadmium plates were placed in a solution of sulphuric 
acid. When the outer ends of the plates were interconnected with a 
wire, hydrogen began to evolve at the surface of the nickel plate, Can 
we decide which of the metals stands farther to the top in the 
electrochemical series? Express the reaction by an equation. 

(A) Translation at the general level 

(1) What sort of question is this problem? 

This is a redox problem. 

(2) Have I come across this type of question before? 

Not exactly. 

(3) What is the general set up of the problem all about? 

The set up of the experiment is just like a galvanic cell to 
me. 

(4) Can I represent the problem statement in a diagram or 
flow chart? by using symbols or equations? 

Yes, I can. 

sulphuric acid 
bubbles 

(5) What knowledge is the problem related to? 

The problem is related to the activity of metals i.e. nickel 
and cadmium. 
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(6) What is the general goal for the problem? 

The general goal for this problem is to find which metal, 
either nickel or cadmium, is more active. 

(B )  Translation at the specific level 

Task 1 Underline in this problem statement the'key (important) 
pieces of information needed for its solution. 

Nickel and cadmium plates were placed in a solution of 
sulnhuric acid. When the outer ends of the plates were 
interconnected with a wire, hydrogen began to evolve at 
fhe surfac e of the nickel ,plate. Can we decide which of the 
metals stands farther to the ton in the electrochemical 
series? Express the reaction by an equation. 

Task 2 For each piece of information you have underlined, 
describe what it means in your own words. 

(a) First piece of information - Nickel and cadmium plates 
were placed in a solution of sulphuric acid. 

Nickel and cadmium are metals with symbols: Ni and Cd. 
Sulphuric acid is a strong acid and naturally dissociates 
into H. and S0i2 ions. Obviously, there was no reaction 
between the metals and sulphuric acid before they were 
connected by a wire. Otherwise, the statement would have 
mentioned it. 

(b) Second piece of information - When the outer ends of 
the plates were interconnected with a wire. 

Wire is a conductor of electrons. 

(c) Third piece of information - Hydrogen began to evolve at 
the surface of the nickel plate. 

There was a chemical reaction at nickel plate. The ionic 
equation involved is: 2H+ + 2e -. H,(g) 
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(d) Fourth piece of information - Top in electrochemical 
series. 

Electrochemical series is a list of metals which are 
arranged in the order of power of releasing electrons. The 
metal which releases the electrons more readily is 
relatively more active and should be at the higher position 
of the electrochemical series. 

Task 3 List the steps you would use to solve the problem 

Step 1 To identify the direction of electron flow in wire. 

Step 2 To identify which metal loses electrons in the 
system. 

Step 3 The metal which loses electron more readily 
should be at the top in the electrochemical 
series. 

Task 4 If possible, try to write the same problem but using other 
words. 

The purpose of this question is to find out which metal, 
nickel or cadmium, when connected by a wire and present 
in dilute sulphuric acid, releases electrons more readily. 

Once the problem solver gets down to complete the fourth task 
of translation as shown above, she or he should have a focus of what 
to do next such as what rules need to be used, how all this 
information could be linked together, in order to get a solution to the 
problem. (This is based on the problem solver who already has the 
appropriate prior knowledge and is effective in linking information 
together). The answer for this problem is cadmium. 
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Conclusion 

The teaching of problem-solving skills in schools can 
emphasize the six cognitive variables mentioned earlier in this paper. 
Prior knowledge concerns knowledge base and requires a different 
kind of attention in teaching. Linkage ability associated with problem 
solving can be developed in students through the use of activities 
such as concept mapping (Fensham et al., 1981), word association 
and idea association (Lee, 1993). Problem recognition skill can be 
taught to students with provision of practice of problem translation 
and different types of science problems. To improve problem-solving 
skills, science teachers can consider spending more time on how to 
define the problem statements, identify key information or words from 
the statements, draw diagrams to help visualize the problems, link 
appropriate information which is either from the statements or 
memory, and to plan the solving procedure before solving a problem. 
The methods suggested in this paper may be used or adapted for 
developing this sort of problem translation skill. 
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