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ABSTRACT 
The chemical content knowledge of secondary science teachers is seldom measured directly in 
developed countries as there are practical, ethical and political problems involved that would be likely 
to be insuperable. 
 
In Papua New Guinea (PNG), the author assisted in some of the work involved in the second IEA 
Science Study (SISS), where the PNG education system took part in the scheme which involved 
twenty-six different countries. The author suggested that the science teachers taking the classes being 
tested completed the tests themselves. These scripts were returned to be marked in the same way of 
the student scripts.  
 
The results of the research were significant and can be considered as a start to the fuller and more 
detailed research which would be necessary to be more confident of the conclusions. However, 
evidence was produced to indicate that that the knowledge of some experienced science teachers was 
less than would be considered desirable. The scientific knowledge Goroka diploma holders, whether 
experienced or more recent, was less as a group than other Grade 10 teachers. There was also evidence 
that chemistry is an area of difficulty, particularly for Goroka diploma holders. Item analysis of SISS 
data yielded some inkling of specific problems which national teachers had in their own 
understanding; it might eventually lead to appropriate solutions being found for these problems. 
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‘My revolutionary suggestion is that students [student-teachers] should be sent out not only full of friendly feelings 
towards their charges, but actually knowing something’ (Bantock, 1969). The challenge which faces teacher trainers 
worldwide is to ensure that the new teachers sent out possess the minimum subject knowledge to enable them to pass 
on this knowledge to their students. They must have many other skills, but without this minimum subject knowledge 
they are doomed to failure as teachers.  

Introduction  

 
This same point has been expressed by a number of educationalists in different words: ‘…it is abundantly clear that 
no amount of general intellectual skill or mastery over cognitive strategies will overcome lacks in content 
knowledge’ (Schulman, 1974. ‘In teaching, knowledge enters into the professional work in a more unique fashion: 
knowledge is what teaching is about’ (Buckman, 1982)   
 
Walsh (1984) complains about the lack of content knowledge of Australian secondary science teachers. He considers 
that the reason for this lack of knowledge is that science teachers who are expert in one field of science have to teach 
other science areas in which they are not expert. In Papua New Guinea (PNG), because national teachers are trained 
to some extent in all areas of science, this particular problem does not arise, though it is a problem for some 
expatriate teachers. However P.N.G. secondary science curricula do not emphasise content knowledge (Palmer, 
1984) in keeping with the deliberate policy of 'containment' (Wilson and Deutrom, 1984), and this causes problems 
in tertiary education.  
 
In general, at Grade 10 level, students are considered to be about three years behind Grade 10 students in 
industria1ised countries. Goroka Teachers College, which is the main source of secondary teachers in PNG, recruits 
at Grade 10 level, with graduates normally qualifying after three years, and also at Grade 12 level, with graduates 
qualifying after a two year course. It is thus obvious that the academic standards of teachers graduating at GTC will 
be below those accepted in developed countries.  
 
However the question this paper will attempt to answer is this: Is the knowledge of PNG teachers sufficient to 
enable them to teach science competently in the top classes (Grade 10) of provincial high schools?  
 

At a recent meeting of teacher educators in Australia, Phillips (1986), in a keynote address, stated that when he 
was looking for educational research relating to excellence in teaching he found that research findings proved that 
good teachers mumble and give more badly structured explanations than do unsuccessful teachers, and that teachers 
who have the most repulsive personalities are more successful than those who are pleasant, and so on. This was 
greeted with stunned silence. A few moments later he pointed out that the truth was the exact opposite of the 
research findings quoted. The point made by Phillips, which is being emphasised here too, is that educational 
research findings are usually unsurprising and often platitudinous. The area of teacher knowledge appears to be 
under-researched worldwide. For example, the well-known surveys such as Bennett (1976) and Rutter (1979) which 
look at the effect of teachers/schools on pupils do not include teacher knowledge as a variable. Similarly, the 
sociological studies looking for causes of inequality between children (Jencks, 1972) do not appear to consider 
teacher knowledge as a possible factor. One reason for this may be that teachers and teachers' unions do not like 
researchers investigating the knowledge of teachers (Bruning, 1986), because teachers' apparent lack of knowledge 
has sometimes been a cause of embarrassment to the profession. Researchers have thus sought less contoversia1 
avenues such as looking at the academic quality of students about to enter teaching, as compared with those 
considering other careers. The pattern that emerges, with the notable exception of Norway (Rust, 1985), is that those 
entering teaching as a profession in countries such as USA (Weaver, 1978) and Japan (Inoue, 1975) occupy very 
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lowly positions in the ranks of all new graduates. This is likely to be true of PNG also, as the entry requirements of 
those entering teaching through GTC are lower than those required for other faculties of UPNG or the University of 
Technology, Lae. This is in spite of recent advertisements in the local press which state that ‘Papua New Guinea 
needs many more high school teachers - teachers who are scholarly, skilled and professional. GTC is committed to 
producing only the best’ (GTC, 1986). Entrance requirements for teaching have however been rising over the last 
five years, so it is earnestly hoped that more scholarly, skilled and professional teachers are now being produced, but 
on the whole, those starting teaching in PNG are less academically able than those entering other professions.  
 
An early study by Nisbet (1954) clearly shows that teachers with higher intelligence prior to graduation were more 
successful in their careers over a twenty year period. There is also a considerable body of research literature on 
teacher knowledge of certain specialised subject areas such as metrication (Rowsey et al, 1978) and nutrition 
(Penner and Kolasa, 1983). However, straightforward studies linking teacher knowledge to pupil achievement are 
rare, partly because they are liable to be misunderstood through over-simplification, and partly because the shadow 
of ‘payment by results’ still hovers over the profession.  
 
Within PNG, there is evidence of student achievement in Eastern Highlands community schools being related to 
teacher quality, measured on a number of criteria (Weeks, 1985). Tuppen (1981) showed that for provincial high 
schools there was a greater success rate on the MYRE (Mid Year Rating Examination, now void) from schools 
where a high proportion of staff had undergone advanced training. Roberts (1985) carefully researched the 
difficulties in mathematics education in community schools in PNG. The general thrust of his study will be given by 
quoting from his abstract: 
 

The findings showed that teachers and children were generally weak at mathematics with pupil mastery 
levels decreasing rapidly in the upper grades. Some teachers themselves know very little more mathematics 
than their pupils.  

 
Further study of his results shows geometry to be an area of particular difficulty in mathematics. Teachers' scores 
showed an average of 78.1%, standard deviation 9.7, with a range of teacher scores from 92.8% to 52.8%. For 
comparison, the pupils' overall mean was 47.9%. Roberts points out that the gap between pupils and teachers is 
35.7% in Grade 2, but only 17.2% in Grade 6. He considers that the size of the gap in knowledge between pupils and 
teachers in Grade 6 is too narrow for confidence that the quality of teaching is adequate at this level. 
 

The first IEA Science Study (SISS) took place between 1970 and 1973. PNG did not take part in it. The survey 
aimed to look at science education as a whole in the nineteen participating countries, and to measure levels of 
achievement by pupils at four different ages in these countries (Comber and Keeves, 1973), (Rosier, 1973). Planning 
the second IEA Science Study (SISS) started in 1980 (Keeves and Rosier, 1981) and has involved more than twenty 
six countries, including PNG. A PNG National Study Committee was formed (Research Co-ordinator, Michael 
Wilson) to ensure the smooth administration of the international tests, and also to see that other tests were designed 
to obtain any additional information required for purposes specific to PNG (Wilson, 1982). Population 3, who were 
16 year olds in the international study and Grade 12 students in PNG, were tested in 1983 (Wilson, 1986a). 
Population 2, who were 14 year olds in the study as a whole and Grade 10 students in PNG, were tested in 
September 1984. (Some information on the results of these tests is being now produced in mimeographed form.) 
Wilson (1986b) gives a full description of PNG SISS developments to date.  

The SISS Study  

 
The PNG National Study Committee did however encourage some additional national research over and above the 
international plan for Grade 10 students (Wilson, 1984). Firstly it was agreed that the teachers who actually teach 
Grade 10 would be asked to answer the same questions as their students. Secondly, because the international tests 
contained comparatively few chemistry questions, an additional eight chemistry questions at Grade 10 level were 
added to the seventy international questions. It is these two local additions to the main international effort which will 
be discussed in this paper.  
 



 

The SISS Science Understanding tests were made up of five tests - 2M, 2A, 2B, 2C and 2D. The 2M test consisted 
of 30 questions, all of which were provided by the International Study. Test 2A, 2B, 2C and 2D contained 10 
questions from the International Study and questions 11 and 12 in each paper were objective chemistry questions 
based on the Grade 10 chemistry unit called Chemical Technology, Unit 10.1. These eight additional questions had 
been chosen from 27 possible questions pretested by GTC preliminary year students. The questions were of middle 
level difficulty and covered different aspects of Unit 10.1. The tests are included as Appendix 1. Grade 10 students 
were asked to do Test 2M and two of the other tests. The teachers were asked to answer all the questions in all five 
multiple choice tests. They were also asked to state how much stress they had placed on the content of each of the 78 
questions on a three point scale called the Opportunity to Learn Index (OTL). It should be emphasised that there was 
no means of checking whether the teachers answered the questions with or without help, or did so hurriedly, 
painstakingly or not at all. Teachers were simply advised to fill in all their forms, 78 questions plus a lengthy teacher 
questionnaire, whilst their class was doing the tests and the student questionnaire. If there was more than one Grade 
10 science teacher in the school, each teacher was expected to answer the questions and questionnaire.  

The SISS Instruments at Population 2 Level  

 
Although 90 result sheets were received out of a possible 126 from 78 schools only 70 teachers completed all five 
tests (Two of these did not complete the ATL tests but these have been included). Of the sample, about 25% were 
female, 64% were national and about half had graduated from GTC. It should be noted, however, that all of the 
sample were Grade 10 teachers and wou1d therefore be expected to be the most experienced and capable teachers in 
provincial high schools. It should also be noted that the test is designed to be suitable in the main for 14 year old 
students in developed countries and was considered to be suitable for Grade 10 students in PNG, so experienced 
teachers at this level should not have much difficulty in scoring high marks.  
 
Appendix 2 contains the raw results of five tests for the 70 Grade 10 teachers. Basic statistics far the tests are in 
Table 1 below. Table 2 is a correlation matrix showing the correlations between each of the five tests and the total.  
 
Table 1. Means, Standard Deviations and Percentage Means for Each Test 
 
 

Test  1  2  3  4  5  6  

 Test 2M  Test 2A  Test 2B  Test 2C  Test 2D  Total  

Mean  26.51  10.26  10.39  10.79  10.86  68.71  

Standard        
Deviation  3.16  1.59  1.48  1.27  1.28  6.48  

        
Maximum        
Score  30  12  12  12  12  78  
Mean as a        
Percentage  88.37%  85.50%  86.08%  89.92%  90.50%  88.09%  

 
 
 
 
 
 
 
 



 

  
Table 2 Correlations between Test 2M, 2A, 2B, 2C, 2D and Total 

 
  Test 2M  Test 2A  Test 2B  Test 2C  Test 2D  Total  

Test  2M  1.000  0.437  0.345  0.345  0.497  0.847  

Test  2A  0.437  1.000  0.291  0.444  0.620  0.734  

Test  2B  0.345  0.291  1.000  0.122  0.508  0.598  

Test  2C  0.345  0.444  0.122  1.000  0.311  0.561  

Test  2D  0.497  0.620  0.508  0.311  1.000  0.774  

Total   0.847  0.734  0.598  0.561  0.774  1.000  
 
Table 1 indicates the high average scores obtained by the 70 teachers, all between 85% and 91%. Table 2 shows 
reasonably high correlations between the tests, indicating they are generally similar in nature.  
 
Appendix 1 was treated in an arbitrary manner to split the teachers into five groups based on overall attainment. The 
teachers who made no errors were given the grade M (Master teachers). It was considered that up to one casual error 
per test might be made by a teacher who had a good grasp of science. Such teachers were called Grade A teachers. If 
up to two errors per test were made the teachers were categorised as Grade B teachers. Teachers with up to three 
errors per test were called Grade C teachers. Those with more than three errors per test were called Grade D 
teachers. There were 4 Grade M teachers, 20 Grade A teachers, 18 Grade B teachers, 15 Grade C teachers and 13 
Grade D teachers. Since this is an arbitrary categorisation, it is a matter of judgment whether any particular group 
has an adequate subject knowledge. Such judgments can only be made by looking at the level of difficulty of the 
questions, in relation to what an experienced teacher needs to know in order to teach the syllabus satisfactorily. The 
judgment here will be made that there is little cause for concern about teachers in categories M, A or B, some cause 
for concern about teachers in category C and considerable worry about the ability of teachers in category D to cope 
with the syllabus.  
 

The seventy eight questions previously marked for each of the seventy teachers were re-marked so as to give results 
in the four separate sciences. The raw results can be seen in Appendices 3 and 4. Basic statistics for these tests can 
be found in Table 3. Correlations between the marks the teachers obtained for the four separate sciences and the total 
are shown in Table 4 below.  

Which Areas of Science caused most difficulty to teachers?  

 
Table 3. Table of Basic Statistics for Tests in Separate Subjects for 70 Teachers  
 
 Chemistry  Physics  Biology  Earth Science  Total  

Mean  18.89  21.04  20.89  8.03  68.74  
Standard       
Deviation  2.55  2.28  2.10  1.20  6.43  
Maximum       
Score  22  24  23  9  78  



 
 
 
Table 4. Tests in the Separate Sciences Correlation Matrix  
 

  Chem Test  Phys Test  Biol Test  E. Sci Test  Total  

Chem Test  1.000  0.695  0.473  0.233  0.847  

Phys  Test  0.695  1.000  0.538  0.248  0.857  

Biol  Test  0.473  0.538  1.000  0.386  0.778  

E.Sci  Test  0.233  0.248  0.386  1.000  0.503  

Total   0.847  0.857  0.778  0.503  1.000  
 
 
The eight additional chemistry questions set on Unit 10.1 have been included throughout. Numbers of questions in 
each subject were as follows: physics, 24; biology, 23; chemistry, 22; earth science,9. A brief glance at the 
correlations between the tests in the separate sciences indicates a generally high level of correlation, but with the 
earth science test not correlating well with the other areas. Because each test had different numbers of questions, 
means for each were calculated as percentages which may be found in Table 5. From the percentage means which 
are similar between tests chemistry can be seen as marginally the most difficult subject for teachers. It was thought 
that teachers who were less knowledgeable overall would find greatest difficulty with chemistry, so the percentage 
means of C and D grade teachers were calculated and may also be found in Table 5. 
  
Table 5 Percentage Means of Tests in the Separate science for Various Groups of Teachers. 
 
 
   Number  Chem Test  Physics Test  E. Science Test  Biology Test  

All Teachers   70  85.85%  87.68%  89.20%  90.81%  

Grade C and D       
Teachers    28  75.90%  79.60%  81.40%  82.90%  
Grade D         
Teachers  Only  13  69.58%  76.60%  77.78%  79.93%  

 
It should be noticed that the order of difficulty is consistently chemistry, physics, earth science and biology, with 
biology causing least difficulty. Chemistry is the most difficult subject area for teachers in this test. Table 5 appears 
to support the suggestion made above that teachers with the least knowledge as a group will do worst in chemistry. 
Statistically the following result is obtained: in looking at the fraction chemistry marks/physics, biology, earth 
science marks for the 42 M, A and B teachers and comparing them with the fraction chemistry marks/physics, 
biology, earth science marks for the C and D teachers, it was found that the difference in the means was only 
significant at the 10% level. Thus the hypothesis that teachers with least knowledge as a group will do worst in 
chemistry cannot be sustained.  
 



The separate science tests may be looked at in a different way to see how many Master teachers were produced in 
each area. A Master teacher is defined as one who scored full marks in a particular area. Ten teachers achieved 
mastery status in chemistry, eleven teachers in physics, seventeen in biology and twenty nine in earth science. Here 
again chemistry and physics seem to be the most difficult areas for teachers to master.  
 

In addition to the cognitive tests for teachers, there was also a questionnaire which asked for such information as 
sex, academic qualifications, nationality and length of experience, etc. from the teachers. Considerable future work 
will be required to correlate each of these and other results with the cognitive data.  

Which teachers had the most difficulty with the Tests? 

 
However, the test results for the two largest groups in the sample, GTC diplomates and expatriate degree holders, 
will be looked at briefly. The results indicated that the overseas graduates averaged just below an A grade (about 6 
errors), whilst the GTC diplomates averaged just above C grade (about 16 errors). The small sample of B.Ed. 
graduates from UPNG averaged just below a B grade (about 11 errors).  
 
These results appear to be very much in agreement with the views of the Regional Secondary Inspectors quoted in 
Guthrie (1983), to the effect that GTC graduates lack subject knowledge. These results may well be in accord with 
earlier research on GTC students in mathematics (Allen, Thomas and Patu, 1975) where they state: 

 
The most crucial part of the teacher training problem is that with such a poor standard of understanding the 
student is not equipped to improve his lot by self-study or in-service training.  

 
However, as stated earlier, it remains a matter of judgment whether an overall average score of 75% for Grade D 
teachers on this test is success or failure. In terms of Master Teachers in any of the separate sciences for the GTC 
diplomate group, there were ten teachers who made no error in earth science, two who made no error in biology, one 
who made no errors in chemistry and none who made no errors in physics. The surprise is the number of teachers who 
have mastered questions in earth science, because Wilson (1985) found that teachers consider this an area of 
difficulty ‘Very few teachers are secure in their understanding of Unit 10.4 (Geology)’.  

 
Finally, no obvious relation between test scores and years of experience of GTC diplomates was found when simply 
considering the scores of those with more than five years experience compared with those with less than five years 
experience.  
 
One major source of error has been the forms that were only partially completed. These have been excluded. But 
viewing a few of these papers, I have the impression that they would probably be among the lower scores. No 
conclusion can be drawn from this but the fear is that many of those who did not answer the tests at all, or answered 
incompletely, would have been amongst the low scores. If this were the case overall, science teaching in schools 
would be worse than the impression given in this paper.  
 

Error analysis in tests can be a major source of understanding of the way in which the science teachers thought about 
the questions, so not only can the analysis be used to show which areas teachers are having difficulty with, but such 
analysis can also be used to find improved ways of teaching them in in-service. The full analysis included subject 
areas for each question stated. In all tests except one, a chemistry question is the most difficult question within that 
test. Conversely more biology questions were answered correctly by all teachers than any other subject, indicating 
that biology questions were found to be easier.  

Analysis of Chemistry Test Errors  

 
Teachers' views on Grade 9 and Grade 10 units indicate that they consider chemistry hard for their pupils, but 
strangely enough consider they have reasonable confidence in their own understanding of chemistry (Wilson, 1985).  
 
As an example, some analysis will be carried out on a single question containing a basic generalisation in 
chemistry, in the context of similar questions from previous research which also tested this generalisation.  
 



The most difficult question in Test 2M was Q18 which asks:  
 
Two given elements combine to form a poisonous compound. Which of the following 
conclusions about the properties of these two elements can be drawn from this 
information?  
 
A. Both elements are certainly poisonous.  
B. At least one element is certainly poisonous.  
C. One element is poisonous, the other is not.  
D. Neither element is poisonous.  
E. No conclusions can be made.  

 
The generalisation which teachers or pupils need to know to answer the question is that ‘The properties of a compound 
are different from those of its constituent elements’. A similar question was put to Grade 12 students in the SISS 3M 
test (Q4):  
 
Two given elements combine to form a poisonous compound. Which of the following conclusions about the properties 
of these two elements can be drawn from this information?  
 
A. Both elements are certainly poisonous.  
B. At least one element is certainly poisonous.  
C. One element is poisonous, the other is not.  
D. Neither element is poisonous.  
E. Neither element need be poisonous.  
 
Strangely enough, sixteen years earlier, a question (Item 58) involving a similar principle was set by McKay (1968) to 
Grade 10 students in PNG and also to a group of Australian students. It was:  
 
A scientist discovered a compound that had the following properties at normal room temperature and pressure: (i) it 
was a gas, (ii) it was heavier than air, (iii) it had a pungent odour, (iv) it was colourless. Which of the following 
assumptions was the scientist justified in making about the component elements that made up the compound he had 
discovered?  
 
A. Each of the component elements must have had properties (i), (ii), (iii), (iv).  
B. The component elements must have had properties (i), (ii), (iii), (iv) between them, but each of them need not have 
had all of these properties.  
C. The newly discovered compound must be made up of four elements, each having one of the four properties listed.  
D. None of the component elements need have any of the properties listed.  
 
Boeha (1980) reset McKay's test to a group of remedial Unitech students as part of a study to find the problems of this 
group and then to help them overcome their problems. Fewer students got the correct answer to the McKay question in 
the 1968 test than would be expected by chance, and on this question the Australian pupils did better than the PNG 
pupils. In 1980, the Unitech scores on this same question were below half those expected by chance. Wilson (1986) 
records that scores were no better than chance on the question on this topic in the 1983 Grade 12 SISS tests. For the 
1984 SISS Grade 10 test the question on this topic was one of the most difficult ones for teachers and pupils. Wilson 
(1986) suggests the language of the question may be the key to poor results, and indeed both McKay's 1968 question 
and the two SISS questions are unnecessarily convoluted. Wilson may well be correct but perhaps the alternative 
hypothesis that over nearly twenty years teachers have not made clear to their students the principle that the properties 
of compounds differ from those of their constituent elements at least bears consideration. If this is the case, it shows 
that a basic understanding of the meaning of chemical combination is absent from both pupils and teachers alike. This 
would be a sad state of affairs.  
 



The results described in this paper should be considered as a start to the fuller and more detailed research necessary to 
be more confident of the conclusions. However, evidence has been produced here that the knowledge of some 
experienced science teachers is less than would be considered desirable, and that in terms of scientific knowledge 
Goroka diploma holders, whether experienced or more recent, have less knowledge as a group than other Grade 10 
teachers. There is also evidence that chemistry is an area of difficulty, particularly for Goroka diploma holders. Finally, 
item analysis of SISS data may yield some inkling of specific problems which national teachers have in their own 
understanding and may eventually lead to appropriate remedies being found for these problems. Practically, several 
solutions have been tried for improving the quality of science teaching in PNG. Amongst these are the Subject Masters' 
Course (Palmer, 1984), the Major Science/ Minor Mathematics Course (Bunker and Palmer, 1984) (Bunker, 1984) and 
the Advanced Diploma Course for science teachers (Steward, 1985). It is perhaps too early to claim success for any of 
these solutions.  

Conclusion or What To Do Now?  
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