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profiles to achievement levels?1 

Ian Johnston and Michael E. Martinez 

Context 

The South Pacific Board for Educational Assessment (SPBEA) is an advisory 
and technical body set up to satisfy the assessment needs of its 11 members. 
Most South and Central Pacific countries have major national assessment 
requirements, partly because of restricted financial means of providing 
education beyond primary, (elementary) level with the consequent need for 
pupil selection at varying levels from Year Six and above. The legacy of 
colonial systems with examination traditions (e.g. UK 11 + , GCE 'O' levels, 
New Zealand School Certificate) has also left its mark. As a result, most 
countries have between three and six national examinations in place in the 
school system. 

The last 15 years have seen the responsibility for assessment at senior 
secondary level move to Pacific countries from the previous metropolitan 
providers of certification, especially the United Kingdom and New Zealand. 
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The SPBEA runs, on behalf of six of its members, a Year 12 qualification 
called the Pacific Senior Secondary Certificate (PSSC). It is taken during the 
penultimate year of secondary school education, a level at which selection is 
commonly made for a variety of destinations, including pre-university, 
polytech, teacher training, and dispersal to the work place. The PSSC is a 
conventional norm-referenced qualification, with 9 grades being awarded on the 
basis of a set distribution each year (See Annex 4). All subjects have an 
external examination and most also have a school-based component which is 
statistically moderated to the school's examination performance. Subject scores 
are standardised by means analysis before grades are allocated. 

Problem 

Although the PSSC operates in six countries, total candidature is very small, at 
around 2000. It operates in countries whose average per capita GNP are 
spread either side of US$1000. Financial constraints are severe, and statistical 
methods of moderating between schools and subjects have been chosen on cost 
grounds alone. However, the small cohort also leads to a potential instability 
of historical standards and a reduced confidence in the comparison of historical 
grades. 

The community at large, the parents of candidates and employers take the 
grades as reflecting achievement, rather than reflecting rank order on a single 
examination. This is a misconception which, as shown by experience in 
metropolitan countries, has proved impossible to dislodge. Thus the PSSC is 
in the classic dilemma of delivering results which are based on rank order of 
performance to users who take them to be solely standards based. 

One possible way of addressing the problem is to provide qualitative meaning 
to examination results by expressing them in terms of the cognitive 
proficiencies of candidates - what students at each level of the award know and 
can do. This cognitive "anchoring" can in principle stabilise information on 
grades over the years, as well as give substance to the interpretation of 
achievement that the SPBEA constituencies wish to place on them. 
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Intention of study 

Our intention, in setting up this investigation, was to analyse past results 
without preconceived hypotheses as to the proficiencies which may be "key", 
nor as to a potential hierarchy of proficiencies. We wished to investigate 
empirically, and to let the data direct our investigations. However, we did 
specifically want to collect data which would assist us to do the following: 

• Investigate the possibility of attaching key proficiency meaning to 
normative grade levels. 

• Investigate the possibility that key proficiencies are related and share 
component processes with other key proficiencies both within and 
across disciplines. 

• Determine whether key proficiencies within a grade are historically 
stable. 

• Assess the likelihood of being able to use any differentiation between 
levels of general cognitive abilities as an aid to curriculum planning 
and teaching order. 

Outline of method 

A random sample of approximately 20% of all PSSC candidates in 1994 was 
determined and all examination scripts attempted by these candidates withdrawn 
and analysed. For each subject, high discrimination items were to be used to 
identify key proficiencies at each grade level. Initially one subject, Physics, 
was selected for consideration: 139 of the sample of 350 had taken this subject. 

Items were selected on the basis of having item-total score correlations (rit) of 
.45 or above. It is postulated that only high discrimination items are likely to 
require skills that are general, which differentiate between grade levels and 
which apply across a range of items. Indeed, the high item-total correlations 
are believed to be evidence that component processes are instrumental in many 
items. They may reflect what Sternberg (1985) called "general components". 

4 



Two levels of performance were defined, namely an upper, or 'mastery' level, 
which required students to gain 75% of the marks available for a particular 
item, and a 'readiness' level which required 50% achievement. (Note that 
examinations in the South Pacific have retained the old British practice of 
regarding 50% as a satisfactory level of total performance and of setting exam 
papers aimed to give means around that level.) We interpret "readiness" to 
indicate that students are cognitively capable of acquiring the target 
proficiency. 

Scripts of students at the various grade levels (1 is highest, 9 lowest) were 
analysed to determine whether high discrimination items also revealed mastery 
of key proficiencies. Thus on an item worth 4 marks, if examinees whose 
overall award was Grade 5 scored a mean of (say) 3.2 marks (representing 
80% of the marks available), then the key proficiency tapped by this item is 
said to have been "mastered" at the Grade 5 level. Some items were not 
mastered by sufficient students even at the top (Grade 1) level. Such items 
were indicated as being "above Grade 1" in their level of difficulty. 

Similarly, students at grade levels which produced item means of between 50% 
and 75% are said to be in transition, or learning, or 'ready to learn' the 
proficiency reflected by the item, without having yet mastered it. 

Students in grade levels which produced item means of less than 50% would be 
defined as being unready, or only on the "threshold" of this proficiency. 

Thus, for each item involving key proficiencies, bands of mastery, readiness 
and threshold can be defined. 

Note that the awarded grade levels (1-9) are used in this investigation out of 
convenience, since they are already established for these examination results, 
and also because the SPBEA wished to make an attempt to ascribe qualitative 
characteristics to the existing levels. 

Note also that the linkage between the grade levels and item proficiency is 
diluted somewhat by the inclusion of school-based, examination-moderated 
scores in the final score which determines the awarded grade. However, it is 
the grade level we wish to give cognitive meaning to, rather than the 
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examination mark as such. In any event, the item-total correlations with these 
composite-determined grades proved remarkably similar to item-total 
correlations using examination marks. 

Outcomes 

The investigation began with a consideration of just one subject - the 1994 
Physics results. A total of 14 items had sufficiently high discrimination (rit 

> .45) to be included in Annex 1. 

Another 11 items in a lower band of discrimination (rit between .15 and .30) 
are included for comparison - see Annex 2. 

Item characteristics 

The hypothesis that high discrimination items called upon cognitive skills which 
were also used by other items, and that low item - total correlations indicated 
skills with limited transfer gained credence from the observed characteristics of 
the two categories. 

The high discrimination items appear to have the following characteristics: 

• They commonly refer to situations which are complex in the sense of 
having two interactive systems, (e.g. C04, C06, E06). 

• They often deal with multivariate phenomena whose nature is specified 
by a constraint equation (e.g. A02, C04, C06, E06, FOl). 

• They may require diagrammatic modelling to aid inferential thought, 
(e.g. A02, A05). 

Such items give the promise of differentiating between grade levels by 
cognitive proficiencies, that is, proficiencies which are revealed by content-
specific questioning which is deliberately aimed at curriculum requirements. 
Of course proficiencies defined in terms of subject specifics can give clear 
indications of achievement to the learner and teacher. It is less immediately 
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clear whether there are larger, more general "key proficiencies". The items 
shown in Annex 1 give meaning to the grade level in that they indicate 
proficiencies relevant to the majority of students at that level. The meaning is 
primarily stated in terms of what candidates at a particular grade level can do, 
that is, by mastery of the key proficiency items. However, the learning and 
threshold stages are also defined, and have particular diagnostic and pedagogic 
value. The mastery information is of more value to 'consumers' of assessment 
information such as parents, employers, principals and education authorities. 

Lower discrimination items (less likely to indicate key proficiencies) appear to 
have different characteristics: 

• They called for binary or categorical responses, and may be more 
'guessable'. (e.g. B04, COS, E03). 

• They dealt with very specialised subject material with little apparent 
relevance to the understanding of other principles and concepts, (e.g. 
BOl, B04, B05, E03, F04, F05). 

• They may call for trivial judgements or be extremely difficult 
examples of the principle being tested, and did not discriminate well 
with this population, (e.g. C03, D02, D03). 

These items showed much less differentiation between grade levels (see Annex 
2). They may have been too difficult or too easy for the examination 
population, or to have attracted a discontinuous achievement pattern from 
students at successive grade levels. In any event, their information value is 
limited. 

Links with "intelligence" 

The data demonstrated possible links between key proficiencies and crystallised 
intelligence (Cattell, 1941). If these links could be demonstrated, such a 
theoretical connection would address the historical gap between human abilities 
(especially intelligence) and school achievement. 
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Crystallised intelligence is understood to be the form of intelligence that is 
achieved as a result of the investment of the more undifferentiated and "raw" 
fluid intelligence. It can be interpreted as knowledge or, in the context of 
formal education, as school achievement. To obtain our measure of 
crystallised intelligence, we summed raw scores for English and Mathematics. 

The composite (for crystallised intelligence) was plotted in a multi-dimensional 
scaling diagram along with the selected Physics items. Input data for the 
multi-dimensional scaling procedure is a correlation matrix for all subject items 
plus the composite. Correlations are treated as "distances" to be represented in 
space. In our analysis, a two dimensional space was selected and the graph 
shows the "solution" (see Annex 3). 

As with factor analysis, the placement of axes is arbitrary. In other words we 
could rotate the configuration and maintain a mathematically justifiable 
solution. In our interpretation, it is not the placement of axes that is important, 
but the structure of the array of points. Specifically, we note the rather central 
placement of high-discrimination items and the peripheral location of the low-
discrimination items. To a degree, this result is predicted as this is a geometric 
solution that will produce the matrix of correlations. However, it is not the 
inevitable solution as we might have obtained, say, several clusters. The 
important finding is that our measure for crystallised intelligence is rather 
centrally located in the high discrimination cluster of Physics items. Recall 
that the composite was taken from two completely different tests. This hints at 
a relationship between such proposed "key proficiencies" as are associated with 
high discrimination items and one aspect of intelligence. Taking this a step 
further, it is possible that crystallised intelligence itself can be understood 
largely in terms of highly powerful and generalisable cognitive skills that we 
here call key proficiencies. 

The radial structure of the array has been identified by Snow (1989) as a 
"radex" pattern. In Snow's analysis of cognitive ability measures, the centre 
of the radex was associated with more general cognitive abilities as well. 
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Conclusions 

If key proficiencies can be established, perhaps by replication of these initial 
findings in other years and other subjects, then the following are reasonable 
inferences. 

1. In a norm-referenced test with a considerable number of high-
discrimination items, it is likely that there will be sufficient 
information to draw up a list of key proficiencies which underline 
more than one of these items. 

2. These key proficiencies may be arranged in an order of difficulty and 
from these proficiencies meaning may be attached to grade levels 
(which are based on percentages of the examination cohort), with the 
confidence that such meaning will hold true in most cases. 

3. The key proficiencies have the potential to act as anchors for the 
determining of grade boundaries in traditionally norm-referenced 
examinations, thus establishing historical standards and acting as a 
bridge towards criterion-referencing. 

4. The division of key proficiencies into mastery, learning and threshold 
categories gives empirically derived information to those seeking to 
structure the curriculum in a developmental teaching sequence. 

5. The establishment of empirical information on key proficiencies may 
be used to guide the construction of test and examination items. 

Areas for future investigation 

This investigation is only partly developed. There are many areas which need 
further study. In addition to replicating this study in other years and in 
subjects other than Physics, the following are possible future directions. 

1. There are possible hierarchies of key proficiencies which could be 

9 



established empirically. The dependence of one item upon another 
could be tested by checking whether success in a more complex item 
was virtually always associated with success in a subordinate item. 

2. Key proficiencies could become a basis for "diagnostic" assessment. 
Though a perennially popular idea, diagnostic assessment for school 
learning has never got off the ground. One explanation is that there is 
simply too much to diagnose, that the curriculum is too molecular and 
teachers' time too limited for it. If a small number of key 
proficiencies could be identified, these could make diagnosis more 
practicable. 

3. We believe that other ways of defining overall proficiency are 
possible. There may be even more natural ways of characterising the 
various proficiencies. Differentiation between levels may, for 
example, be better approximated by the disjunction between Piaget's 
formal operational thinking and concrete operational thinking. Such 
questions are themselves open to investigation, perhaps also by using 
examination data. 
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Annex 1 

PSSC Physics 1994 : High Discrimination Items 

Students achieving these Grade levels 

are likely to be able to attempt these skills 

at the indicated mastery level 1 

Select appropriate motion equation (of the forms 
v2 = u2 + 2as and d = b2a) and solve for 1 unknown (D01) 

Identify, select and apply electricity equations 
(of the form a = bc) to determine an unknown (E01) 

Interpret a vel-time graph to determine distance 
travelled (C02) 

Interpret velocity/time graph to find distance travelled 
when nature of motion changes several times 

Interpret and extrapolate a graph depicting a physical 
relationship (of the form Kv = T) (A04) 

Apply knowledge of electro-magnetic induction to 
indicate direction and force of armature (F01) 

Identify, select and apply an equation (of the form 
K = ab) to differing states of motion (C04) 

Select and supply an equation (of the form ab = c) in 
order to determine an unknown (in an electrical circuit) 

(E6) 
Construct vector representation of forces and 
resolve them (A02) 

Apply understanding of optical device behaviour 
to constant ray diagrams (A05) 

Apply knowledge of wave diffraction based upon 
characteristics of wave length (B03) 

Apply a physical principle within the context 
of before-and-after states (C06) 

Number of students in each grade sample: 

Mastery 

r" 

— 

2 

16 

3 

23 

Learning 

4 5 6 

31 39 21 

Threshhold 
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Annex 2 

PSSC Physics 1994 : Lower Discrimination Items 

Students achieving these Grade levels 

are likely to be able to attempt these skills 

at the indicated mastery levels 1 

Predict a direction resulting from a change in a 
before-and-after system (C05) 

Model by diagram in order to predict a state 
at a particular position (B04) 

Predit the direction for change resulting from 
an influencing factor (E03) 

Interpret velocity/time graph with particular 
emphasis on the vector nature of velocity (C03) 

Model by diagram in order to establish a value 
for a wave path difference (B05) 

Predict a change of state resulting from the 
introduction of an influencing factor (F04) 

Predict a change of state resulting from the 
. introduction of an influencing factor (F05) 

Recognise a special case deviation in a 
relationship (of the form a = Kb) (E04| 

Interpret a graph from which data is extracted to 
select and solve an equation (form v = u + at) (D03) 

Interpret graphically presented data to 
determine a velocity (D02) 

Model by graph in order to depict speed differences 
of light waves in difference media (B01) 

Number of students in each grade sample: 

2 

16 

$Y".-:.-
BK :•"••;.' 

3 

23 

4 5 6 

31 39 21 

| Mastery I I Learning [ I Threshhold 
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Annex 3 

Multidimensional Scaling 
Physics Items and Crystallized Intelligence Composite 

Multidimensional Scaling 
Physics Items and Crystallized Intelligence Composite 

Annex 4 

Overall distribution of PSSC grades 

= crystallized intelligence 

= high discrimination items 

= medium discrimination items 

Q = low discrimination items 

Grade 

No of 
candidates 

1 

5 

2 

7 

3 

12 

4 

19 

5 

23 

6 

21 

7 

9 

8 

3 

9 

1 

Note that option subjects may have distributions which differ from the overall 
distribution. 
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Annex 5 

Examples of Items used in the investigation 

A02 A block of mass 2.0kg is pulled along a smooth floor by a force F of 
8.0 N at an angle of 60* to the horizontal (Fig. 1(b). 

(i) What is the value of the horizontal component of F? 

(ii) What is the horizontal acceleration of the block? 

A05 A concave mirror of focal length 10cm produces an image 30cm from 
the mirror (Fig. 1(e). The image has a height of 15cm. Find the 
position of the object from the mirror and its height. 

B04 A and B are two points sources of surface water waves 50mm apart. 
The two sources are vibrating in phase. 

A C B D 

1 1 1 1 

(i) Will there be reinforcement or cancellation at point C, 
midway between A and B? 
Give a reason to support your answer 

(ii) D is a point on the line produced by joining A and B. What 
is the wavelength of the water wave if the path difference at 
D between the two waves is 2X? 
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C04 A student applies a constant force F to a trolley of mass m in kg as 
shown in diagram (i) below and measures the acceleration to be 4ms'2 

When a 2kg mass is placed on the trolley, as shown in diagram (ii), 
and the same force is applied, the acceleration is found to be 3ms"2. 

(i) (ii) 

a=4 ms2 a= 3 ms'2 

2 kg 

i 1 F i—* r — \^— 
m kg *• m kg 

'on' 'o o1 
Determine the mass of the trolley. 

A lady of mass 56kg fires a rifle from a small boat. The boat has a mass of 
20kg and the rifle has a mass of 4kg. The bullet has a mass of 0.01kg and is 
fired at 400ms"1. The friction between the water and the boat is negligible. 

C05 (i) Which way would the boat move when the rifle is fired? 

C06 (ii) With what speed will the boat move after the rifle is fired? 
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DOl A 25kg case of banana fell from the roof of a building 51.2m high. 

Calculate the velocity of the case just before it hit the ground. 
(Take g = 10ms'2) 

A student wired the circuit shown below. The voltmeter (V) and 
ammeter (A) have been tested and found to be in good working 
condition. 

<3 
-<w^\-

Rl €> 

" 
R2 

E05 (i) If the ammeter (A) registers a reading but the voltmeter (V) 
does not, what part of the circuit should be looked at to find 
the fault? 

(ii) After the fault in (i) has been fixed it was found that the 
potential difference between the terminals of the battery is 
24V and the metre readings are: 

Voltmeter (V) = 6V 
Ammeter (A) = 3A 

E06 Determine the values of R, and R2. 
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