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Contest format in the Netherlands

• 5 ages groups (8-10, 10-12, 12-14, 14-16 and 16-18 years)

• First round organized in the Bebras week

• Contestants have 40 minutes for 15 tasks

• We decide and announce which tasks are Easy, Medium or Hard

• The result for a question depends on the difficulty level



Predicting difficulty level is hard…



Question difficulty – Leong (2006)

• content difficulty, depending of the subject matter being assessed
computer science, computational thinking

• stimulus difficulty, related to comprehending words and phrases in a 
test item and accompanying information
language, information processing

• task difficulty, referring to the work needed to formulate or discover 
the answer to the question
cognitive process, thinking steps



Content difficulty

Bebras provides a challenge where reproduction 
should be useless; we aim to test insight and 
conceptual knowledge and to provide a set of tasks 
that do not require any pre-knowledge

This is a condition where the relation between 
learning objectives and the levels of mastery in a 
taxonomy like Bloom’s is altered in a serious way 

Adapting any form of taxonomy to this kind of 
contest will be needed before it will be possible to 
apply a taxonomy to the content difficulty of Bebras



Stimulus difficulty

• Lumley, Routinksy, Mendelovits and Ramalingam (2012): 
a scheme for describing the difficulty of reading items used in PISA. 
They compared the perceived and the empirical difficulty

• Five variables explained about 57% of the variability in difficulty in 
items. and found indications that the variables in Table 1 contribute 
to item difficulty 

• Since reading and understanding a question is of course an important 
part of answering a task, these variables might prove useful, also for 
Bebras



Table 1. Revised PISA reading item difficulty scheme. Five most explaining variables 

(Lumley, Routinksy, Mendelovits and Ramalingam, 2012) 

 

3  Competing information This refers to information in the stimulus and/or in the 

distractors (if multiple choice) that the reader may 

mistakenly select, or that the reader may generate, 

because of its similarity in one or more respects to the 

target information. 

5  Relationship between task and 

required information 

The relationship between the question (the whole task, 

including the multiple-choice options where relevant) 

and the required information - that is, the kind of 

answer required to gain credit. 

7  Concreteness of information The kind of information that readers must identify to 

complete a question. 

8  Familiarity of information needed to 

answer the question 

This variable distinguishes tasks that focus on 

information inside or outside the text, or the text 

structure, that is close to the experience and concerns 

of the reader, from those focusing on what is likely to 

be remote and unfamiliar. 

10  Extent to which information from 

outside the text is required to answer 

the question 

This variable deals with the extent to which the reader 

needs to draw on world knowledge, experience or 

personal beliefs and ideas and opinions in order to 

answer the question. 

 



Stimulus difficulty: rephrasing the question

• Lonati, Malchiodi, Monga and Morpurgo (2017) changed the 
formulation or presentation of some questions in the 2016-Bebras 
contest and presented these tasks to a new group of contestants

• They report remarkable changes in the results for the altered tasks

• On the task Recipe, on linked lists, the success rate was very low; in 
interviewing contestants they discovered that the text was not 
understood and generally read with no care. So they structured the 
problem in another way and created a new figure. They obtained a 
higher success rate in their control group and a significant decrease in 
discrimination



Task difficulty

According to the cognitive load theory the limitations of the working 
memory are rarely taken into account in conventional instruction and 
assessment (Kirschner, 2002)

In computer science education this process of schema formation  has at 
least two effects: by building ever more complex schema by 
assimilating portions of lower-level schemas skills are developed, and 
once a particular  skill is acquired, automatic processing can bypass 
working memory (Shaffer, Doube & Touvinen, 2003). 

Indications of working memory failures include: incomplete recall, 
failing to follow instructions, place-keeping errors and task 
abandonment (Shilbi & West, 2018)



Task difficulty: Cognitive load in test design

Elliot, Kurz, Beddow and Frey (2009) formulate recommendations:



Questionnaires and rubrics

Van der Vegt (2013)



Questionnaires and rubrics



Questionnaires and rubrics



How balanced are these questionnaires?

For all three instruments each scoring item is assigned to:

Content, stimulus or task difficulty

Questionnaire Content Stimulus Task

Q1 30 20 50

Q2 25 50 25

R 20 40 40



Three methods applied to a specific contest

• First round 2017 age group VI in the Netherlands

• We filled in all questionnaires for each of the 15 
questions (after the contest was already closed)

• It had to be performed in limited time; we don’t
really can use much time in preparing an actual
contest.



Results for all tasks and instruments



What is the correlation between scores of 
prediction models and actual contest?



Procedure using relative scoring

Holmes and Read (2018):

It is very hard to make absolute judgements on question difficulty 

Use a technique  where a number of experts independent review many 
pairs of items and decide each time which item is more difficult to 
answer

This comparative judgement can be used  to capture a group consensus 
well, and to avoid individual biases

Kindle and Johnson (2011): Each of nine faculty members was 
misjudging the difficulty level of some of the tasks in an exam, but the 
average score proved to be much better.



Procedure using relative scoring

We toke a set of six different tasks 

We asked a group of colleagues (researchers in computer science 
education) to order them from easy to hard 

We scored the individual results from 1 (easy) to hard (6) and added 
the individual scores for each task

The total scores were a perfect match with the relative difficulty level



And now?

• Tools developed to predict the difficulty level of a Bebras-task, can help to 
create a balanced contest. All three instruments looked at can be used for 
this goal

• Try to find the best balance for the weights on content, stimulus and task 
difficulty

• Research is needed on the use of taxonomies, especially for questions that 
do not use any pre-knowledge, or other systematic approaches to identify 
content difficulty

• The use of procedures for relative scoring seems promising. Integrating 
questionnaires and relative scoring will be valuable

• Stimulus and task difficulty play an important role in the performance of 
contestants. Instruments used to predict question difficulty should include 
these insights


