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ABSTRACT
The understanding of what makes a question difficult is a crucial
concern in assessment. To study the difficulty of test questions, we
focus on the case of PISA, which assesses to what degree 15-year-
old students have acquired knowledge and skills essential for full
participation in society. Our research question is to identify PISA
science item characteristics that could influence the item’s
proficiency level. It is based on an a-priori item analysis and a
statistical analysis. Results show that only the cognitive complexity
and the format out of the different characteristics of PISA science
items determined in our a-priori analysis have an explanatory
power on an item’s proficiency levels. The proficiency level cannot
be explained by the dependence/independence of the information
provided in the unit and/or item introduction and the competence.
We conclude that in PISA, it appears possible to anticipate a high
proficiency level, that is, students’ low scores for items displaying a
high cognitive complexity. In the case of a middle or low cognitive
complexity level item, the cognitive complexity level is not
sufficient to predict item difficulty. Other characteristics play a
crucial role in item difficulty. We discuss anticipating the difficulties
in assessment in a broader perspective.
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Introduction

Among the multiple questions about assessment, a main concern is the understanding of
what makes a question difficult. To know more precisely what is actually assessed, we need
to understand what makes a question difficult. An understanding of the sources of diffi-
culty (SODs) in questions helps to develop questions of higher validity and effectively
target different levels of difficulty. There is extensive research on the effectiveness of exam-
ination questions in the field of measurement (psychometrics) in order to understand the
construction of a test item (e.g. Liu & Boone, 2006; Liu, Lee, Hofstetter, & Marcia, 2008).
In particular, some studies show a concern for item construction in large-scale science
assessment items as, for instance, in Program for International Student Assessment
(PISA) or Trends in International Mathematics and Science Studies TIMSS (e.g. Grisay,
Gonzalez, & Monseur, 2009; Le, 2009; see for an overview, Solano-Flores, Wang, &
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Shade, 2015). For instance, Le (2009) studied the effects of PISA item positions on their
difficulty, and the results revealed the items tended to become more difficult when they
are located later in the test.

To study the difficulty of question tests, we focus on the case of the PISA which
assesses to what degree 15-year-old students near the end of compulsory education
have acquired knowledge and skills that are essential for full participation in society.
In all PISA cycles, the domains of reading, mathematical and scientific literacy are
covered not merely in terms of mastery of the school curriculum, but in terms of
the knowledge and skills needed in adult life. In 2006 and 2015, the focus was on
scientific literacy. PISA 2015 data have not yet been published. Anyway, in 2015,
for reasons of comparison, parts of the PISA science items are similar to those of
PISA 2006. The 2015 PISA items have quite similar formats and types of situation,
even if in PISA 2015 the test is taken on a computer and no longer uses pencil
and paper. As scientific literacy was the major domain in 2006, our study is based
on PISA science 2006 data.

PISA results have led to the development of research projects on secondary analysis of
PISA results (see Bybee, Fensham, & Laurie, 2009 for an overview; Drechel, Carstensen, &
Prenzel, 2011; Olsen & Lie, 2006; Prenzel, Kobarg, Schöps, & Rönnebeck, 2013; Rochex &
Tiberghien, 2007; Sun, Bradley, & Akers, 2012). Some studies focus on what PISA effec-
tively assesses in mathematics (e.g. Bodin, 2005), in reading (e.g. Bain, 2003; Bautier,
Crinon, Rayou, & Rochex, 2006; Rochex, 2006) and in scientific literacy (e.g. Lau, 2009;
Le Hebel, Montpied, & Tiberghien, 2012, 2014, 2016; Nentwig, Roennebeck, Schoeps,
Rumann, & Carstensen, 2009). These call into question the adequacy between the defi-
nition of scientific literacy in the PISA framework and the scientific literacy effectively
assessed in items. Lau (2009) shows for instance that many questions supposed to test
knowledge about science actually assess knowledge of science. Our previous study
shows that for a given PISA question, the competencies students use when they construct
their answer may differ from the competencies that PISA claims to evaluate (Le Hebel
et al., 2012, 2014).

In France, PISA science 2006 globally indicated average scores, and a rather high pro-
portion compared to the Organisation for Economic Co-operation and Development
(OECD) average of students in difficulty at level 1 (meaning that ‘students have such
limited knowledge that they are only able to apply them in a very small number of familiar
situations’) or below level 1. These PISA proficiency levels are defined on a scale from 6 to
below 1, constructed a posteriori by PISA, that is, only after scoring of students’ responses
in all OECD countries (30 in 2006).

The aim of our study is to identify different characteristics, which influence the profi-
ciency level of an item. It is based on an a-priori item analysis and a statistical analysis. The
statistical analysis is focused on the French data. After a review of the literature on the
potential SODs in science exam questions, we expose our procedure and the results we
obtained. It allows us to propose some interpretations of the scores obtained in PISA
2006 science items by French students, to propose a hypothesis explaining the differences
between OECD countries and French scores and to discuss the anticipation of difficulties
in assessment in a broader perspective.
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Sources of difficulty

In their study, based on a curriculum assessment, Pollitt, Entwistle, Hutchinson, and De
Luca (1985) identified SODs and sources of easiness (SOEs) through empirical work from
Scottish examinations in five subjects (Mathematics, Geography, Science, English and
French). Statements from examinations were analysed statistically in order to identify
the most difficult questions. The students’ answers to these questions were then analysed
with the aim of discovering the most common errors made when answering these ques-
tions. From these errors, the authors hypothesise that there were certain SODs and
SOEs in the questions. They proposed three different categories of SODs: the concept dif-
ficulty, which is the intrinsic difficulty of the concept itself; the process difficulty meaning
the difficulty of cognitive operations and demands made on a candidate’s cognitive
resources and the question difficulty, which may be rooted in the language of questions,
the presentation of questions, and so on. The SODs may or may not be anticipated by
the question developer. In order to verify whether the hypothesised SODs affect students’
performances, questions from a mathematics examination (GCSE – General Certificate of
Secondary Education) were manipulated and rewritten in order to remove some specific
SODs (e.g. Fisher-Hoch & Hughes, 1996; Fisher-Hoch, Hughes, & Bramley, 1997). Results
show that differences in performance can be influenced quite significantly with small vari-
ations in the questions by removing or adding a source of difficulty. For instance, the
authors propose to remove an irrelevant statement in the introduction, hypothesising
that this will create a clearer question containing less irrelevant and distracting infor-
mation. In order to ensure that the examination questions make the intended demands
on students, the psychological processes involved in answering questions need to be
understood (Ahmed & Pollitt, 1999). Based on the previous studies described above,
they developed a model of the psychological processes involved in answering examination
questions. This consists of six stages: the student’s understanding of the subject knowl-
edge, in other words what the student has learned before the examination; the student’s
mental model of the question, created by reading the question and forming a represen-
tation of it; the process of searching for the subject knowledge; the process of matching
the representation of the question and the subject knowledge; the process of generating
an answer and the process of writing an answer. Moreover, the authors proposed that
some SODs and SOEs could more specifically affect the students’ cognitive processes at
more than one stage.

Several frameworks have been developed to analyse the cognitive demand of assessment
tasks in which students are asked to engage (e.g. Ahmed & Pollitt, 1999; Anderson &
Krathwohl, 2001; Porter & Smithson, 2001; Webb, 2007). Ahmed and Pollitt (1999) devel-
oped a scale of cognitive demands in four dimensions: complexity of the question (number
of operations that have to be carried out), abstraction (to what extent the student has to
deal with ideas rather than concrete objects or events), resources (text, diagram, picture,
etc.) and strategy. They show that questions having a higher cognitive demand in terms
of the four dimensions on the scale tend to present more SODs occurring at different
stages of the answering process. Webb (2007) developed the depth of knowledge
(DOK) model to analyse the cognitive expectation demanded by assessment tasks.
Webb’s DOK levels for science is a scale of cognitive demands and reflects the cognitive
complexity of the question. The DOK level describes the kind of thinking required by a
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task, not necessarily whether or not the task is difficult. The DOK corresponds to the cog-
nitive demands of what students are expected to be able to do and is related to the number
and strength of the connections within and between ideas. The DOK required by an
assessment is related to the number of connections of concepts or ideas a student needs
to make in order to produce a response, the level of reasoning and the use of other self-
monitoring processes. Four DOK levels are proposed. Each level is dependent upon
how thoroughly students need to understand the content in order to respond. The
Webb levels do not necessarily indicate the degree of ‘difficulty’ in that DOK level 1
can ask students to recall or restate either a simple or a much more complex concept
or procedure. Recall of a supposedly well-known element of knowledge will correspond
to a low cognitive demand of DOK. If the students know this element, the item requiring
this recall will be found easy (high student score), but if the students do not know this
element of knowledge, it can be difficult (low student score). Conversely, understanding
a concept in depth is required to be able to explain how/why a concept works (level 2),
apply it to real-world phenomena with justification/supporting evidence (level 3) or to
integrate one concept with other concepts or perspectives (level 4). While other authors
cited above have developed frameworks for the level of thinking demanded of students,
Tekkumru-Kisa, Stein, and Schunn (2015) propose a framework named the Task Analysis
Guide in Science, to identify the level and kind of reasoning required of students in order
to successfully engage in a task that focuses on science content and/or scientific practices.
Their analysis combines two dimensions: the integration of scientific content and practices
and the cognitive demand. For the first dimension, tasks are categorised as focusing on
scientific content (solely), scientific practices (solely) or the integration of the two. The
second dimension, cognitive demand, consists of five levels, which are, respectively,
from the lowest to the highest level: memorisation tasks (level 1), tasks involving scripts
(level 2), tasks involving guidance for understanding (level 3: guidance for understanding
practice or particular content; level 4: guidance for working with practices tied to a par-
ticular content) and performing science tasks (level 5).

Furthermore, some researchers investigate how context affects a student’s understand-
ing of a science task and whether a context-based approach could be a source of difficulty
for solving a task (e.g. Bennett & Lubben, 2006; Pollitt & Ahmed, 2000; Werner, Schwa-
newedel, & Mayer, 2013). ‘Teaching in context’ has become an accepted and often wel-
comed way of teaching science in both primary and secondary schools (Nentwig &
Waddington, 2005). For these authors, the term ‘context’ has many connotations, and
they use the term in the sense of an issue, question or theme taken from the society in
which the students live and which are relevant to them and make important contributions
to their lives. The ‘context’ can play different roles: according to Gilbert (2006), studying
the development and evaluation of context-based chemistry curricula, the function of
‘context’ is to describe such circumstances that give meaning to words, phrases and sen-
tences. A context must provide a coherent structural meaning for something new that is
within a broader perspective.

The ‘context’ can have a positive or negative role according to what it evokes for stu-
dents. Some studies indicate that different contexts might influence students’ decision-
making abilities on socio-scientific issues (Salder & Zeilder, 2003). When students feel
involved in socio-scientific contexts, for instance relevant in biology (environment and
sustainability; health, animals and medicine), certain context-person-valences (e.g.
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interestingness and familiarity) arise. These valences do not constitute a context in itself
but arise when a person comes into contact with a certain context (Werner et al.,
2013). In their study based on the analysis of contextualised science questions, Pollitt
and Ahmed (2000) show how students can be misled and biased by an improper use of
context. Students react in an individual way to different contexts, and schemas provoked
by contexts can interfere with those provoked by the science content of questions, causing
misunderstandings and errors. These results showing that the ‘context’ can be a source of
difficulty for students in science questions are reinforced in mathematics education.
Indeed, some studies in mathematics education show that it is more difficult for students
to solve tasks embedded in an enriched real-world context than in a sparse context (e.g.
Kotovsky, Hayes, & Simon, 1985; Mevarech & Stern, 1997). They suggest that real
context not only diverts a student’s attention from the mathematical task but can also acti-
vate simplistic models rather than abstract thinking.

Our research study

In this study, the assessment is not linked to a curriculum (as for some studies presented
above) but to the acquisition of scientific literacy needed in adult life for full participation
in society as defined by PISA. However, we consider that the concept of SODs (such as the
cognitive complexity, the context and the format) is relevant for PISA items, which are all
contextualised items, to the extent that students are faced with situations presented in the
items that they have to understand to answer questions, these items necessitating more
than a simple recall of knowledge.

Based on the literature review presented above, we have chosen the four levels of cog-
nitive demand proposed by Webb (2007) to characterise the cognitive complexity of a
PISA item. Level 1 (recall and reproduction) requires recall of information, such as a
fact, definition, term and performance of a simple process or procedure. Level 2 (skills
and concepts) includes the engagement of some mental processing beyond recalling or
reproducing a response. This level includes items requiring students to make decisions
such as how to approach the question or problem. These actions imply more than one cog-
nitive process. Level 3 (strategic thinking) requires deep understanding as exhibited
through planning, using evidence, and more demanding cognitive reasoning. The cogni-
tive demands at level 3 are complex and abstract. An assessment item that has more than
one possible answer and requires students to justify the response they give would most
likely be at level 3. At level 4 (extended thinking) students are expected to make connec-
tions, relate ideas within the content or among related content areas and have to select or
devise one approach among many alternatives to how the situation can be solved.

The SODs used in the studies presented above and in our own are embedded in the inter-
actions between the student and the item itself. Therefore, it is not possible to attribute the
source of difficulty either to the item or to the student. Indeed, in our a-priori analysis of the
item, we engage the representation of the students interacting with the items in order to
anticipate the students’ proficiencies. Moreover, it is crucial to distinguish the sources of dif-
ficulties and the item’s proficiency level, which is reflected by student scores.

Our research question is to identify certain PISA science item characteristics that could
influence the item’s proficiency level. Our analysis should lead us to be able to interpret the
students’ scores better according to the SODs for each item.
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Procedure

For this study, we proceed in two steps: first, an a-priori qualitative analysis of PISA
science items, and second, a statistical analysis to test to what extent our qualitative
analyses of the SODs allow us to predict the actual proficiency obtained after the
evaluation.

The a-priori analyses of PISA science items

The data used for these analyses are based on all PISA science 2006 items. The French
Ministry of Education (Department of Evaluation DEPP) in agreement with the OECD
has allowed us to use the whole set of PISA 2006 science items in order to categorise
them in the selected framework and to test them with several students. PISA science
assessment consists of a series of units; each unit has an introduction with a text and
possibly photos, drawings or diagrams presenting a situation followed by a series of
questions called items (an example of an introduction and one item is given in
Figure 1).

In our a-priori analysis, we decided to select the following characteristics for each item:

(1) the cognitive complexity based on Webb’s DOK levels, required to produce a right
answer for a PISA item, previously determined in an a-priori analysis;

(2) the dependence on or independence of the information provided in the unit and/or
item introduction in order to give the right answer;

(3) the question format: open-ended response (OR), multiple choice (MC), complex mul-
tiple choice (CMC), that is, a series of true/false or yes/no choices, with one answer to
be chosen for each element in the series, closed response (CR), which is a short verbal
or numerical response, with a clear correct answer;

(4) the competency evaluated by PISA for each item: explaining phenomena scientifically
(EPS), identifying scientific issues (ISI) and using scientific evidence (USE) (OECD,
2007).

Our a-priori analysis for the first two characteristics was nurtured by our previous case
studies focusing on how students carried out PISA items (Le Hebel et al., 2012, 2014,
2016). The other characteristics come from PISA item developers.

Concerning cognitive complexity, the four DOK levels are level 1 (recall and reproduc-
tion), level 2 (skills and concepts), level 3 (strategic thinking) and level 4 (extended think-
ing). Data were analysed by three different researchers, who conferred to obtain a common
analysis in the case of differing interpretations.

To characterise the dependence on or independence of the information provided in the
unit and/or item introduction to give the right answer, we use three levels of dependence
in our a-priori analysis. Level of dependence 1 characterises items with answers indepen-
dent of the information provided in the unit and the item introduction. Level of depen-
dence 2 is attributed to items with answers independent of the information in the unit
introduction but dependent on the information contained in the item introduction.
Level of dependence 3 is given to items with answers dependent on the information in
the unit introduction.
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Figure 1. Example of PISA 2006 science item – sunscreens.

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 7



For the question format, we reported the format attributed by PISA for each item
(OECD, 2007).

The item examples we choose to present our method of analysis are part of PISA
science 2006 released units, named ‘sunscreens’ (Figure 1), coded S447Q05 and ‘clothes’
(Figure 2), coded S213Q01 and S213Q02.

In the ‘sunscreens’ unit, we consider that the text of the unit introduction is long and
complex. Students have to understand the aim of the experiment, make connections
between the roles of the different components (sunscreen products, mineral oil, light sen-
sitive paper, cream containing zinc oxide and clear plastic) and memorise how they react
when they are exposed to the sunlight. This introduction requires a high cognitive demand
for understanding.

Item S447Q05 of the sunscreens unit does not only need students to understand
the complex introduction of the unit, but also to represent the meaning of these
four diagrams, to memorise or at least be able to go back to the introductions of
the unit and item and to select the relevant information, to make connections
between this information and diagrams and to justify their choice. Therefore, we
apply a DOK level 4 to this item. The question format is OR. The information in
the unit introduction is highly necessary to be able to give the right answer, therefore
we apply a level 3 of dependence to this item. The competence assessed by this item
according to PISA is ‘USE’. In France, 27.06% of students gave the right answer for
this item.

Concerning the ‘clothes’ unit, the introduction is long and contains useless information
which can lead to wrong representations (electro-textile, speech-synthesiser, touch-sensi-
tive material, carbon-impregnated fibres, etc.). However, this introduction remains less
complex than the sunscreens unit.

For the item S213Q01, the students need to make connections between the infor-
mation from the introduction and the propositions from the item. They have to give
four answers, one for each sentence presenting a claim that may or may not be
tested by a scientific investigation (Figure 2). Thus, they need to represent what a scien-
tific investigation is and that an economic analysis is not a scientific investigation in the
case of the last sentence since the only thing that the researcher affirms is that the
material can be mass-produced cheaply. The students have to do more than recall,
and they have to make a decision four times, each time needing to relate the proposed
claim to a possible objective of a scientific investigation. Thus, we attribute a DOK level
2 to this item. The question format is CMC. The answer is independent of the infor-
mation in the unit introduction but dependent on the information contained in the
item introduction, so we apply a level 2 of dependence to this item. The competence
assessed with this item according to PISA is ‘ISI’. In France, 48.11% of students gave
the right answer for this item.

For item S213Q02, knowledge of voltmeter use is enough to answer directly. Rep-
resentations stimulated by the leading text and some representations stimulated by the
core question are not needed to give the right answer. The answer is independent of
the information provided in the unit and the item introduction; therefore, we apply
level 1 of dependence. We apply DOK level 1 to this item, corresponding to recall
of an element of knowledge. The question format is MC. The competence assessed
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by this item according to PISA is ‘EPS’. In France, 81.09% of students gave the
right answer for this item. We followed this procedure for the 103 PISA science
2006 items.

Figure 2. Example of PISA 2006 science item – clothes.
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Statistical analysis

In order to evaluate the potential effects of the different item characteristics (question
format, dependence or not of the answer on the item and/or unit introduction, cognitive
complexity, competence) on item levels of proficiency, we use two ways: first, we conduct a
chi-square test aiming to check the possible links between the level of proficiency of the
different items with item characteristics and so to determine if the proportion of items
at a level of proficiency is different in function of the values of one of the characteristics
(question format, dependence or not of the answer on the item and/or unit introduction,
DOK level, competence). For that, in order to reduce the effect of the low number of items
in some levels we code the level of proficiency of the PISA science 2006 items given by
items’ scores (the percent of correct answer for each item) on a 4-level scale, whereas
the level of proficiency of the different items in PISA is based on statistical analysis of
items’ scores on a 6-level scale (OECD, 2007). Levels 1, 2, 3 and 4 correspond, respectively,
to items’ scores comprised between 75 and 100 (the most correct answers, so the least dif-
ficult), 75 and 50, 50 and 25, 25 and 0 (the fewest correct answers, so the most difficult).
We consider that the results are significant when p-value < .05.

Secondly, an ANOVA was conducted in order to determine to what extent the varia-
bility of items’ scores indicating the levels of proficiency (continuous quantitative variable)
can be explained by the characteristics of an item (categorical variables: DOK, the depen-
dence on or independence of the answer on the item and/or unit introduction, format,
competence). The analysis of variance models the scores indicating the levels of profi-
ciency according to the values of one or various characteristics. If the test leads us to
reject the hypothesis of a lack of a characteristic’s influence on the scores indicating the
levels of proficiency (i.e. p-value < .05), the value of variability exhibited by the model
gives us an indication on the explanatory power of the characteristic. Thus, we evaluate
the explanatory power of the question format, dependence on or independence of the
answer on the item and/or unit introduction, the DOK level and the competence evaluated
by PISA (ISI, EPS or USE) relative to the scores indicating the level of proficiency of PISA
science items in France.

Results

The different characteristics of PISA science items determined in the a-priori
analysis

In Table 1, we report, respectively, for each selected PISA science 2006 item, the compe-
tency assessed according to PISA, the question format, the average score obtained in
OECD countries and in France, the PISA level of proficiency from PISA data in France,
the level of cognitive complexity (DOK level), the code expressing the dependence on
or independence of the answer on the item and/or unit introduction according to our
analysis.

We observe that as much for French than for OECD scores, low cognitive complexity
items with DOK levels 1 and 2 display different PISA levels of proficiency from 1 to 4,
DOK level 3 display levels of proficiency 2 or 3; items showing the highest cognitive com-
plexity (DOK level 4) display homogeneously higher PISA levels of proficiency (PISA level
4). These data suggest that the link between the DOK and the scores is not simple.
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Table 1. Characteristics of the 103 PISA science 2006 items.
Item C F OCDE Fr. N D I Item C F OCDE Fr. N D In Item Com For OCDE Fr. N D I

S114Q03 USE O 53.94 64.11 2 1 3 S519Q02 EPS CMC 52.62 36.30 3 1 2 S524Q07 USE O 36.49 40.38 3 2 3
S114Q05 EPS O 18.89 19.45 4 1 2 S521Q02 EPS CM 55.91 51.22 2 1 1 S527Q04 EPS CMC 53.72 58.61 2 2 1
S131Q02 USE O 46.24 48.40 3 1 3 S521Q06 EPS CM 88.14 89.37 1 1 1 S304Q01 USE O 43.63 44.46 3 3 3
S213Q02 EPS CM 79.37 81.09 1 1 1 S527Q03 EPS CMC 57.96 49.71 3 1 1 S408Q05 ISI CM 41.95 46.76 3 3 2
S256Q01 EPS CM 87.75 78.35 1 1 2 S114Q04 USE O 34.47 43.67 3 2 3 S425Q05 ISI CM 68.99 69.81 2 3 2
S268Q02 EPS O 36.17 42.34 3 1 2 S131Q04 ISI O 31.11 36.39 3 2 3 S438Q03 ISI O 38.91 39.55 3 3 3
S268Q06 EPS CM 55.20 52.60 2 1 1 S213Q01 ISI CMC 47.86 48.11 3 2 2 S447Q02 ISI CM 40.49 45.46 3 3 3
S269Q01 EPS O 57.76 46.87 3 1 2 S268Q01 ISI CM 72.48 69.74 2 2 2 S458Q02 USE CMC 56.23 59.89 2 3 3
S269Q04 EPS CMC 34.11 27.19 3 1 1 S269Q03 EPS O 41.24 37.22 3 2 2 S476Q03 EPS CM 60.11 55.94 2 3 2
S304Q03 USE O 39.00 47.85 3 1 3 S304Q02 EPS CM 62.07 63.74 2 2 3 S478Q02 USE CMC 50.98 61.74 2 3 2
S326Q03 USE CM 58.27 62.61 2 1 2 S304Q03 EPS O 50.68 47.96 3 2 3 S495Q03 USE O 38.56 39.33 3 3 2
S326Q04 EPS CMC 23.31 19.30 4 1 1 S326Q01 USE O 59.01 64.82 2 2 3 S498Q02 ISI CMC 46.91 48.49 3 3 3
S408Q01 EPS CM 62.95 47.76 3 1 2 S326Q02 USE O 63.74 66.99 2 2 3 S498Q03 ISI CM 42.61 48.20 3 3 3
S408Q04 EPS CMC 50.70 50.89 2 1 1 S408Q03 EPS O 30.49 29.26 3 2 3 S514Q04 USE CMC 52.20 60.80 2 3 2
S415Q02 EPS CM 78.35 63.06 2 1 1 S413Q04 USE CMC 41.44 32.07 3 2 2 S524Q06 USE CMC 64.25 66.98 2 3 3
S415Q07 ISI CMC 72.05 78.46 1 1 1 S413Q05 USE CM 65.58 58.38 2 2 2 S416Q01 USE CCR 45.43 43.64 3 4 3
S421Q01 EPS CCR 39.80 52.63 2 1 1 S413Q06 EPS CCR 37.84 39.83 3 2 1 S425Q02 USE CM 45.80 47.05 3 4 3
S421Q03 EPS CCR 62.98 61.73 2 1 1 S415Q08 ISI CMC 57.68 60.07 2 2 1 S447Q05 USE O 27.08 27.06 3 4 3
S426Q03 EPS CM 67.70 49.70 3 1 2 S425Q03 EPS O 41.43 42.42 3 2 3 S527Q01 USE CMC 16.08 12.03 4 4 3
S426Q05 EPS CM 75.78 75.21 1 1 2 S425Q04 USE O 30.09 37.04 3 2 2
S428Q01 USE CM 61.68 56.87 2 1 3 S426Q07 ISI CMC 61.33 61.15 2 2 2
S437Q01 EPS CM 72.24 67.07 2 1 1 S428Q03 USE CM 71.35 55.21 2 2 2
S437Q03 EPS CM 49.35 53.78 2 1 1 S428Q05 EPS O 43.87 39.62 3 2 2
S437Q04 EPS CM 57.99 61.24 2 1 2 S438Q02 ISI CM 65.57 45.97 3 2 3
S437Q06 EPS O 75.96 72.69 2 1 2 S447Q03 ISI CM 58.31 52.87 2 2 3
S438Q01 ISI CMC 83.24 79.74 1 1 1 S447Q04 ISI CM 42.98 37.97 3 2 3
S465Q02 EPS CM 60.90 45.22 3 1 2 S458Q01 EPS O 16.25 8.55 4 2 1
S476Q01 EPS CM 70.73 66.60 2 1 3 S465Q01 USE O 50.17 58.06 2 2 3
S476Q02 EPS CM 70.87 64.32 2 1 3 S465Q04 EPS CM 36.27 27.99 3 2 2
S477Q02 EPS CM 74.86 76.48 1 1 1 S466Q01 ISI CMC 71.00 74.8 2 2 3
S477Q03 EPS CM 75.11 84.12 1 1 2 S466Q05 USE CM 55.71 46.86 3 2 2
S477Q04 EPS O 61.72 51.62 2 1 1 S466Q07 ISI CMC 74.86 75.91 1 2 1
S478Q01 EPS CM 42.82 52.40 2 1 1 S485Q05 ISI O 35.54 38.61 3 2 3
S478Q03 EPS CMC 67.68 72.04 2 1 2 S495Q01 USE CMC 42.13 45.40 3 2 2
S485Q02 EPS O 57.68 42.70 3 1 2 S495Q02 USE CMC 57.62 54.18 2 2 2
S485Q03 USE CM 66.70 64.93 2 1 2 S495Q04 ISI CMC 50.21 53.36 2 2 1
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Table 1. Continued.
Item C F OCDE Fr. N D I Item C F OCDE Fr. N D In Item Com For OCDE Fr. N D I

S493Q01 EPS CMC 52.63 38.58 3 1 1 S498Q04 USE O 59.93 74.90 2 2 2
S493Q03 EPS CMC 82.39 78.92 1 1 1 S508Q02 ISI CMC 60.95 72.20 2 2 3
S493Q05 EPS O 45.12 49.37 3 1 1 S508Q03 ISI CM 73.55 58.47 2 2 3
S510Q01 EPS CMC 53.93 38.26 3 1 2 S514Q03 EPS O 46.57 41.79 3 2 2
S510Q04 EPS O 41.03 37.31 3 1 3 S519Q01 USE O 35.32 46.30 3 2 3
S514Q02 USE O 85.16 83.11 1 1 2 S519Q03 ISI O 24.41 28.54 3 2 2

Note: C = competency assessed according to PISA; EPS = explaining phenomena scientifically; USE = using scientific evidence; ISI = identifying scientific issues; F = item format; OR = open-ended
response; MC = multiple choice; CMC = complex multiple choice; CR = closed response; OECD = average scores obtained in OECD countries; Fr = average scores obtained in France; N = level of
difficulty from PISA data in France; D = the level of cognitive complexity (DOK level); I = the code expressing the dependence on or independence of the answer on the item and/or unit
introduction.
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Characteristics other than the cognitive complexity of an item are likely to influence the
difficulty or easiness of the item. Let us now move on to exploring the explanatory
power of different characteristics on PISA science item levels of proficiency, based on
this statistical analysis of the French data.

Influence of the different characteristics on PISA science item’s levels of
proficiency

An ANOVA was conducted in order to determine the explanatory power of the DOK level
on the scores indicating the level of proficiency (Table 2). The DOK level shows a low but
significant explanatory power on item level of proficiency (R2 = 0.1130). Nevertheless,
these results need to be interpreted with caution for two reasons: first, the number of
PISA science items is limited (103) leading for some categories of items based on the
DOK level characteristic to have fewer items (for instance items with DOK 4); second,
as we group items according to the level of proficiency (levels 1, 2, 3 and 4 correspond,
respectively, to student’s scores comprised between 75 and 100, 75 and 50, 50 and 25,
25 and 0) in order to reduce the effect of the low number of items in our study, it can
result in statistical smoothing. However, Scheffe tests, following ANOVA, show contrasts
between DOK levels (level of risk α = 0.10) for the following configuration: DOK 1, DOK
2 + 3 and DOK 4. These results lead us to suggest that the characteristics defining the DOK
four-point scale could be refined. Moreover, the number and strength of the connections
within and between ideas to answer a question can vary according to students’ knowledge
and experience.

ANOVA results of question formats by item level of proficiency (indicated by items’
scores) are presented in Table 3. The question format shows a low but significant expla-
natory power on an item’s level of difficulty (R2 = 0.1251). For the same reasons as
explained above for the DOK level, these results need to be interpreted with caution.
The question format which appears to be the most difficult is OR and the least difficult
is MC (Table 4).

We calculate the interaction between the DOK and the question format using ANOVA
(Table 5). The results show that DOK and format have an independent influence on an
item’s level of difficulty (p = .269, not significant).

Table 2. Analysis of variance of DOK by item proficiency levels for France.
Source SS df Mean square F Significant

Between groups 3036.81 3 1012.27 4.20 0.0076
Within groups 23,840.19 99 240.81
Total 26,877.01 102 263.50

Note: SS = sum of squares; df = degree of freedom; F = Fisher’s test.

Table 3. Analysis of variance of question formats by item proficiency levels for France.
Source SS df Mean square F Significant

Between groups 3362.95 3 1120.98 4.72 0.0040
Within groups 23,514.06 99 237.51
Total 26,877.01 102 263.50

Note: SS = sum of squares; df = degree of freedom; F = Fisher test.
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The analysis of variance shows that an item’s level of proficiency cannot be explained by
the dependence on or independence of the information provided in the unit and/or item
introduction (Table 6, p = .27, not significant). This result is in line with the work of
Nentwig et al. (2009), showing that French results indicate low overall performance as
much for items whose extraction and processing of information from the stimulus are
necessary for solving the task, as for items whose information given in the stimulus is
not essential for answering the question.

A chi-squared test carried out in order to determine whether the proportion of items
attributed to one of the four proficiency levels that we coded is different in function of
dependence on or independence of the information provided in the unit and/or item
introduction shows that the proficiency level is higher for items with answers dependent
on the information in the unit introduction. A chi-squared test shows that question
formats are related to the dependence on or independence of the information provided
in the unit and/or item introduction. OR items are more frequently dependent on the
information provided in the unit and/or item introduction, whereas multiple choice
(MC) items are more frequently independent of the information provided in the unit
and/or item introduction. As shown above, OR items have a higher proficiency level
and multiple choice (MC) items have a lower proficiency level.

Three competencies are tested by PISA science 2006 (OECD, 2007): EPS, ISI and USE.
The score averages for each competency (Table 7) are not significantly different. The
analysis of variance shows that scores indicating item’s proficiency levels cannot be
explained by the competency tested by PISA (Table 8, p = .69 not significant).

Table 4. PISA science 2006 items scores according to question format for France.
Format Mean Standard deviation Frequence

CR 49.46 9.78 4
MC 58.79 13.24 37
CMC 54.11 8.25 28
OR 45.24 15.48 34
Total 52.68 16.23 103

Note: CR = closed response; MC =multiple choice; CMC = complex multiple choice; OR = open-ended response.

Table 5. Analysis of variance of interaction between DOK level/question format in the case of France.
Source Partial SS df Mean square Significant

Model 7873.21 14562.37 2.60 0.003
DOK 2002.50 3667.50 3.09 0.031
Format 1082.71 3360.90 1.67 0.179
DOK/format 2196.45 8274.56 1.27 0.269
Residual 19,003.79 88,215.95
Total 26,877.01 102,263.50

Note: Partial SS = partial sum of squares; Model = variability explained by the whole model; df = degree of freedom.

Table 6. Analysis of variance of the dependence on or independence of the information provided in the
unit and/or item introduction by proficiency level for France.
Source SS df Mean square F Significant

Between groups 692.29 2 346.15 1.32 0.2712
Within groups 26,184.71 100 261.85
Total 26,877.01 102 263.50

Note: SS = sum of squares; df = degree of freedom; F = Fisher test.
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In summary, our results show that only the cognitive complexity and the format of the
different characteristics of PISA science items determined in our a-priori analysis have an
explanatory power on an item’s proficiency level. The proficiency level cannot be
explained by the dependence on or independence of the information provided in the
unit and/or item introduction or the competence tested. More than 70% of the variance
is not explained by these four characteristics. In the next part, we hypothesise and
discuss other item characteristics that could be a source of item difficulty.

Discussion

Our findings show that the sources of difficulties that we investigate can only explain 30%
of the scores and that only the DOK and the question format intervene.

Concerning the lack of explanatory power of independence/dependence of the infor-
mation provided in the unit and/or items introduction with the question goal and the
answer, Nentwig et al. (2009) obtain similar results for France. Moreover, they show
that, in a majority of the 12 assessed countries selected in their study, ‘no relative weakness
or strength can be observed for either highly or lowly contextualised items’ (p. 906).

The lack of explanatory power of competences in our study drastically differs with pre-
vious studies on PISA mathematics items. Turner, Dossey, Blum, and Niss (2013) and
Turner, Blum and Niss (2015) used a coding scheme of six competences reconfigured
from the PISA mathematics framework; each of the six competences is rated through
four levels of demand for activation. They demonstrate that this rating is highly predictive
of the items difficulty. Several reasons could be at the origin of such a difference. The
mathematics and science natures are different in the role of experiments in the construc-
tion and validation processes. The experimental situations are an integral part of the scien-
tific knowledge. Thus, the weight of the context of the question can play a more important
role in its understanding in science compared to mathematics. Consequently as the variety
of students’ understandings of a question is larger in science, it is very likely that more
criteria than the competences are necessary to predict the difficulties of the question.

The explanatory power of the format was predictable, as open questions are more dif-
ficult than others (MC and CMC) (OECD, 2009). The low explanatory power of the DOK

Table 7. Averages of scores for France according to item competencies.
Competency Mean Standard deviation Frequence

EPS 51.85 17.84 49
ISI 55.24 15.11 23
USE| 52.10 14.57 31
Total 52.68 16.23 103

Note: EPS = explaining phenomena scientifically; ISI = identifying scientific issues; USE = using scientific evidence.

Table 8. Analysis of variance of the competency for each item tested according to PISA by proficiency
level for France.
Source SS df Mean square F Significant

Between groups 195.31 2 97.65 0.37 0.690
Within groups 26,681.70 100 266.82
Total 26,877.01 102 263.50

Note: SS = sum of squares; df = degree of freedom; F = Fisher test.
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calls for refining the four-point scale for item analysis. For instance, the language, lexical
and grammatical in relation with the item context can play a determinant role in the DOK.

This analysis allows us to hypothesise potential difficulties other than those we inves-
tigated systematically, difficulties that all students could have while solving Pisa science
2006 items and the particular difficulties that French students could encounter compared
to students in other OECD countries. According to these results, we can ask ourselves if it
would be possible to anticipate the PISA proficiency level of items in the PISA evaluation.

One item characteristic that could have an influence on item difficulty or easiness for
students is the item context. As PISA focuses on the application of knowledge to science
and technology-related life situations, three main scientific contexts relevant to a citizen’s
life on which the items are based were defined in the PISA science 2006 framework:
science in life and health, science in Earth and the environment and science in technology
(OECD, 2007). In our research, we define the item context as the distance between the
context of the item from which the student should extract and apply information and
the context in which they have probably already made use of this information.

For instance, we analyse more precisely the PISA science item coded S508Q03. It is a
MC item, and scores show that 16% of French students choose the wrong proposition C
whereas only 7% of OECD students make this wrong choice. This item is about genetically
modified crops, which is a controversial subject in France. Based on observations made in
our previous studies (Le Hebel et al., 2012, 2014, 2016), a case study methodology in which
videotaped data from 15-year-old students solving PISA tasks were collected, we hypoth-
esise that when they chose the wrong proposition C, French students associated genetically
modified crop farming and industrial farming production requiring large surfaces. We
interpret this association as a result of the information treatment of these two subjects
in France.

On the contrary, the item coded S498Q04 (74.90%) displays higher for French students
compared to the OECD average (59.93%). This item is about digestion and more precisely
about a famous experiment on digestion. Digestion is in the French curriculum, and this
experiment is studied in class and described in most French textbooks. The apparent ease
in solving this item for French students could be explained by their greater familiarity with
this experiment.

For the last example, item S428Q03, a MC item, it appears that 20% of French students
made the same wrong choice (compared to 5% of OECD students). This item requires a
graph interpretation. This graph presents the particularity of showing three curves with Y-
intercept not at zero. This wrong proposition which they chose could be correct if the
curves had a zero Y-intercept. Therefore, we hypothesise that French students are more
familiar and comfortable with interpretations of curves passing through the origin.

These examples suggest the importance of the familiarity or unfamiliarity of the context
on which the item is based. In the case where the item is related to a topic in the curricu-
lum, French students obtain better scores only if the context of the item is close to the
context in which the topic has been taught. Context familiarity due to everyday student
experience can play a role as well.

Moreover, based on the observation of 15-year-old students in situation videotaped
while solving PISA tasks (Le Hebel et al. 2016) we identified different answering strategies
according to the student’s level. The more able students ignore the irrelevant information
from the context and construct a stable and relevant representation of the question goal,
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whether they are aware or not of how they proceed. On the contrary, low achievers are
unable to pinpoint the relevant information and are disadvantaged by a long text in an
unfamiliar context. If contexts are to be used to test students’ understanding of real-
world science, careful consideration of appropriate contexts is needed. This can be
partly interpreted in terms of the conceptual generalisation being less developed by
middle or low achievers. Their conceptual acquisitions are more dependent on the
context in which they learn them. Furthermore, in our previous studies (Le Hebel et al.,
2012, 2014, 2016), we observe that the vocabulary found in the text of the PISA science
unit and the lack of knowledge, in particular for French students, are also SODs.

Our results show clearly that compared to the OECD average, French students globally
have the same PISA proficiency level in solving high cognitive complexity items. It appears
possible to anticipate a high PISA proficiency level for an item displaying a high cognitive
complexity. On the contrary, in the case of a middle or low DOK level item, the cognitive
complexity level is not enough to predict item difficulty. Consequently, if we want to
evaluate low achievers using low PISA proficiency level items, characteristics other than
cognitive complexity have to be taken into account previously when creating items, to
predict any difficulties they may have. As previously discussed above for the case of
France, the item context and the vocabulary plays a determinant role in PISA proficiency
level. However, it is not easy to anticipate its influence without a relevant knowledge of
curricula and everyday student experiences in the different participating countries; in
other terms, this anticipation would require making predictions about the contexts in
which the ideas necessary to answer the question were learnt.

In addition, it appears that of about 100 items in the whole 2006 PISA science test, only
2 items are at PISA proficiency level 1, 4 items are at PISA proficiency level 2, whereas
about 30 items are at PISA proficiency level 5 and 8 at level 6 (OECD, 2007). Our
results emphasise that 2006 PISA science items do not appear to be appropriate for dis-
tinguishing the different levels of low achievers. This result complements the conclusions
from a previous study, concluding that PISA science competencies should be refined for
low achievers (Le Hebel et al., 2012, 2014). If we want to evaluate low achievers and under-
stand their actual level, some new PISA items with a low proficiency level need to be
added.

In a previous study, Pollitt and Ahmed (2001) tested whether TIMSS questions suffer
from potential invalidities and proposed strategies for anticipating validity problems; for
them ‘a question is valid if and only if the students’ minds are doing the things we want
them to show us they can do’ (p. 2). They developed the Outcome Space Generator (OSG),
introduced by Marton and Saljo (1976). It can be thought of as the range of qualitatively
different types of answer to a question or task. It is a systematic procedure for question
writers to anticipate possible types of answer, both right and wrong. It can also be used
at the question creation stage to decide on suitable distractors for a MC question.
Along the same lines, our findings could lead to the development of a tool using the
characteristics elaborated in this study to anticipate student answers or difficulties.

Conclusion

There is a link between high cognitive complexity PISA items and a high proficiency level,
whereas low or middle cognitive complexity PISA items display a large range of

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 17



proficiency levels. We conclude that in PISA assessment, it appears possible to anticipate a
high proficiency level, that is, low student scores for items displaying a high cognitive com-
plexity. In the case of middle or low cognitive complexity level items, the characteristics of
cognitive complexity level cannot be sufficient to predict item difficulty. Other character-
istics play a crucial role in item difficulty. In particular, we hypothesise that the item
context could be a real source of item difficulty for students. Even if it is not possible to
measure item context explanatory power in item difficulty, it has to be taken into
account while creating items so as to predict difficulties they may have and to specify
what is actually assessed. In particular, if we want to evaluate low achievers and under-
stand their actual level of competency, some new PISA items with a low proficiency
level and refined competencies need to be added. It means for instance that for low achie-
vers, some items, even with a low cognitive demand, need to be constructed without many
distractors in the text, no difficult vocabulary and a ‘familiar’ context.

The skill in varying the difficulty of test items contributes to the construct validity of an
educational assessment, in the sense that it assesses the student competences that it claims
to assess. The skilfulness of an item writer lies not only in ensuring that an item measures
what it is supposed to measure, but also in varying the difficulty at will in order to measure
the entire range of what is supposed to be measured (Leong, 2006).

The aim of our study is not to undermine the usefulness of the PISA assessment, but to
the contrary to make PISA scores more meaningful by uncovering its limitations. It shows
that making simple relationships between a wrong answer and a lack of competency or a
complex answer creates the risk of misinterpreting students’ competency at individual
levels and at a large-scale level.

Our results could be of interest for policy-makers and large-scale assessment developers
and also particularly for teachers in the context of a reflection on science evaluation carried
out in class. It could alert them to the variety of hitherto unsuspected difficulties that their
students might have in their own assessments. It may encourage them to pay more atten-
tion to all factors influencing students’ answers in an assessment.
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