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Presentation outline 
Local practitioners and policymakers
International researchers

• Introduction
• Making comparisons
• International Large-Scale Assessments (ILSAs)
• Examples of utilizing ILSAs

• Example 1: Country level
• Example 2: Student level 

• Potential of ILSAs



Introduction

Assumption
• Every country aims for a quality educational system
• Every country wants the best outcomes for its children

Variations in Definitions
• "Best" is defined differently across countries
• Cultural, social, and economic factors influence these definitions

 Diverse Methods
• Approaches to achieving educational excellence vary

 The end results vary significantly



Making comparisons

Conference in the USA
• Youth Teams in Education Research Program (YTER), where 

competitively selected teams of high school students presented 
their research at the conference. 



Making comparisons-Youth Teams in Educational Research

• Bios from Cyprus
• “… has an excellent academic standing”
• “…is a straight A student”
• “…secured the first and third place in … competitions”
• “… passed the IGCSE exam in English with an A at the age of 12” 



Making comparisons-Youth Teams in Educational Research

• Bios from the USA
• “… I developed an interactive Student Curriculum Review Board 

workshop, wrote a policy on criminal justice and misuse of 
authority, co-hosted a community policy seminar and participated 
in building a student bill of rights for our district” 

• “… her research interests include studying the effects of ocean 
acidification, evaluating effective methods to minimize food waste 
and reduce single use plastics. She leads whale watching tours and 
collects data on whale’s migratory patterns…”



Making comparisons-Youth Teams in Educational Research

• Comparisons are inevitable

• Why would I care about this?
• Student perspective

• Which educational system is a better fit for me?
• How would I have to prepare differently if I wanted to attend a university in another 

country?
• Employer perspective

• Which candidate would be more suitable for my needs based on how each candidate was 
educated?

• School perspective
• How could I get my students  more involved in

• Extracurricular activities, volunteering?
• Academic excellence?

• How can I give my students a better chance for future employment?













Why do people get angry with international large-scale 
assessments (ILSAs)

• Unsubstantiated causal relationships are claimed by some policy 
makers or educators

• Wrong conclusions are reached by some people based on incorrect 
statistical methodologies. 

• People tend to generalize 
• results from one subject matter to a whole educational system
• success stories of individuals to the whole educational system

• Exclusive focus on the end results and on rankings



International large-scale assessments

Looking only at league tables and at end results in isolation are very 
misleading

Education is a process
What we teach
How we teach
Who teaches
School policies
Homework assigned
Textbooks used
Technology used

Goal: Ensure success for all students  (depending on how success is defined)



International large-scale assessments

The process is the key to success

Process:
1) How countries achieved their end-result
2) How to utilize the data to make sense of the study results 



Example 1



Results from an International Large-Scale Assessment ILSA(1983)

Which do you believe were the top ranked countries in this study? 



Results from an International Large-Scale Assessment ILSA(1983)

Where do you believe that Singapore is ranked out of 15 countries? 



Second International Science Study (SISS) (1983)

Where do you believe that Singapore is ranked out of 15 countries? 



Second International Science Study Grade 9 (1983)

Where do you believe that Singapore is ranked? 



Second International Science Study Grade 9 (1983)

Where do you believe that Singapore is ranked? 







PIRLS results



What happened with Singapore?

How did it get from the bottom to the top of such rankings?

My goal is to demonstrate the methodology that was used in Singapore, 
through educational research to improve its educational system (Ng, Poon, & 
Pang, 2020)

Caveat:
This is one case study
Copying Singapore is NOT what I am suggesting



The case of Singapore

1975
25% of elementary school graduates did not meet minimum numeracy requirements (MOE, 2009).
29% dropout rate even in elementary school (Goh et al. 1979).

 Unacceptable Results

 Critical Points
Acceptance of Data

• Denial was not an option.
Decision to Act

• Commitment to taking action based on the data.



The case of Singapore 

Importance of Education
Education is perceived as a means to a better life

Especially for a country with few natural resources

Students live in an increasingly interdependent and networked world
Benchmarking student results is important for students who have to 
compete in a global market



ILSAs
Trend data to monitor changes over time
Contextual data to understand the context of the data
Benchmark student outcomes 



Wide availability of data from ILSAs

Student tests
Student questionnaires
Parent questionnaires
Principal questionnaires

Curriculum information 
Country policies and standards



The case of Singapore

1991
Participated in the Reading Literacy Study

2001
Participated in PIRLS 2001
No progress had taken place in the subject of English
The gap between lower achievers and higher achievers increased 

 Actions…



Development and Evaluation of the STELLAR (Strategies for English 
Language Learning and Reading) Program

Objective
Develop a core set of pedagogies to guide English learning.
Create the STELLAR program (2006)

Development Phase
Conducted literature reviews
Consulted teachers
Observed classes
Spoke to community stakeholders
Engaged with employers

Post-Launch Evaluation
Used data from PIRLS to measure: 

• Reading progress (for high and low achievers)
• Higher-order thinking skills
• Reading habits

Comprehensive Approach
Focused on more than just achievement



Transition to Inquiry-Based Approach to Learning Science

MOE's Goal
Move towards inquiry-based approach to learning science.

Steps Taken
Curriculum Framework

• Changed to an inquiry-based model.
Professional Development

• Developed pre-service and in-service activities.
• Aimed to help teachers develop and implement the inquiry-based approach.

----
School Support

• Regular school visits by MOE.
• Support included designing lessons, observing lessons, and providing feedback.

Small Scale Studies
• Performed to assess the implementation and effectiveness.

Utilization of TIMSS
• Used for obtaining country-wide quantitative data.
• Focused on the use of inquiry-based approaches (from the teacher questionnaire).



Curriculum Content Reduction in Singapore

MOE's Goal
More focus on higher order thinking skills, creativity and reasoning skills.

Curriculum Reduction
Reduced content by up to 30% in some cases.
Aim: Foster higher-order learning skills.

Approach
Focus on depth rather than breadth.
Avoid covering everything broadly and superficially.



Curriculum Content Reduction in Singapore

Results
Grade 4 science items in TIMSS have only a 25% curriculum match with Singapore's curriculum.
Despite this, Singapore remains the number one country in science.

https://www.iea.nl/publications/series-journals/iea-compass-briefs-education-series/march-2022-valuing-curriculum

https://www.iea.nl/publications/series-journals/iea-compass-briefs-education-series/march-2022-valuing-curriculum


What insights can we obtain from Singapore?

Embraced data-based decision making to support any changes
They utilized multiple sources of data

ILSAs
Small scale studies
Literature reviews
Study visits abroad
Students, teachers, administrators feedback

From ILSAs the utilized more than just achievement data
Any decision that was made was evaluated and re-evaluated to ensure the 
validity of their results
Iterative process that capitalizes on the cyclical nature of these studies



Example 2



Computerized Administrations of Assessments

• Process data 
• Answer-changing patterns
• Keystroke data
• Time spent on each item
• Number of screen visits of each item 
• Time of last response

• Deeper understanding of 
• How students interact with test items
• How much effort they put on the test

• Especially for low stakes assessment



Test results alone are not comprehensive



Student comparisons

Student 1 Student 2 Student 3
GPA 18.7 19.3 19.8



Student comparisons

Student 1 Student 2 Student 3

GPA
18.7 

(during COVID 
lockdown)

19.3 19.8



Student comparisons

Student 1 Student 2 Student 3
GPA 18.7 19.3 19.8
Effort Most effort Least effort



Student comparisons

Student 1 Student 2 Student 3
GPA 18.7 19.3 19.8
Effort Most effort Least effort
Drive Most drive
Organization Most organized

Critical thinking
Best at critical 

thinking



Process data

• Based on the revealed preference approach
• Unobtrusive test-taking variables that can provide deeper insights 

into the test-taking process. 
• More reliable than self-reports

 we need to know how to interpret them



Response Times and Test-Taking Effort

• Response times are one of the most frequently utilized metrics 
when examining process data from International Large-Scale 
Assessments

• Response times are used as indicators of effort
• Hypothesis that adequate time spent on test items is crucial for valid 

responses.



Problems with response time research

• It has mostly focused on identifying rapid guessing behavior (Guo 
& Ercikan,2020; Michaelides & Ivanova, 2022; Pools & Monseur, 
2021; Rios & Soland, 2022)

• Such endeavors typically require a pre-defined threshold to identify 
disengaged test-takers

• There is no consensus on a preferred method as there are 
strengths and weaknesses for each one

• Trying to reduce the false-positives by changing the threshold, 
increases the possibility of false-negatives (Wise, 2017). 



Understanding Response Times in Test-Taking Behaviors

• Very short response times are typically interpreted as rapid 
guessing or disengaged behavior (Michaelides & Ivanova, 2022; 
Rios & Soland, 2022)

• No clear consensus regarding longer response times
• Longer response times= disengagement (Nagy et al., 2023).

Vs
• Longer response times=persistence and effort (Eklöf, 2010).



Purpose of the study

To evaluate the cases in which examinees have spent more time on test 
items, to determine whether this extra time could be interpreted as an 
indicator of either persistence, or of lack of effort during the testing process. 



Research questions

• To what extent do examinees spend more time than the median on test 
items, 

• and how does this differ for items that were answered correctly and incorrectly?

• How does the extra time spent on multiple-choice test items differ among 
the educational systems that participated in e-TIMSS 2019?  

• To what extent do the 
• frequency of slow responses, 
• the sum of slow response times, and the frequency of item visits 
explain achievement at the student and country levels, and how does that differ 
based on answer correctness? 



Methods

• Study: e-TIMSS
• 35 countries/educational systems

• Grade: 4
• Subject: Mathematics

• Booklet 1

• Items: Multiple-choice items
• N=13247



Process data indicators

• Item Screen Visits (IVisit): Represents the total number of times 
students visited the multiple-choice items

• Overtime Success Count (OSC): Indicates the number of items 
answered correctly in more time than the median.

• Overtime Failure Count (OFC): Indicates the number of items 
answered incorrectly while spending more time than the median.



Process data indicators
• Overtime Success: Sum of the positive timing difference for items 

answered correctly in more time than the country’s median
𝑂𝑂𝑂𝑂𝑗𝑗 = ∑𝑖𝑖=1𝐿𝐿 max(0,𝐷𝐷𝑖𝑖𝑖𝑖) ∗ 𝑆𝑆𝑖𝑖𝑖𝑖

• Overtime Failure: Sum of the positive timing difference for items 
answered incorrectly in more time than the country’s median

𝑂𝑂𝑂𝑂𝑗𝑗= ∑𝑖𝑖=1𝐿𝐿 max(0,𝐷𝐷𝑖𝑖𝑖𝑖) ∗ (1 − 𝑆𝑆𝑖𝑖𝑖𝑖)
Item 𝑖𝑖, 𝑖𝑖 = 1, … , 𝐿𝐿
Student 𝑗𝑗, 𝑗𝑗 = 1, … ,𝑁𝑁
Time 𝑇𝑇𝑖𝑖𝑖𝑖
Item correctness Sij (𝑆𝑆𝑖𝑖𝑖𝑖 = 1, 𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐; 𝑆𝑆𝑖𝑖𝑖𝑖 =
0 𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤)
Time difference from median: Dij = Tij −

∑𝑗𝑗=1
𝑁𝑁 𝑇𝑇𝑖𝑖𝑖𝑖
𝑁𝑁



Results



Table 1. Percentage of students engaged in Overtime Success and Overtime Failure by country



Table 2. Average amount of Overtime Success and Overtime Failure in seconds





Results- Multilevel model
Student level (N= 13,247) Country level (n = 35)

Effects on math achievement Estimate S.E. p-value Estimate S.E. p-value

Item Screen Visits 0.048 0.016 0.002 0.103 0.108 0.341
Overtime Success 0.092 0.019 0.000 -0.819 0.194 0.000
Overtime Failure 0.196 0.017 0.000 0.143 0.315 0.648
Overtime Success Count 0.087 0.023 0.000 0.240 0.462 0.603

Overtime Failure Count -0.416 0.041 0.000 -0.906 0.300 0.003

Residual error (r,u) 0.849 0.026 0.000 0.406 0.119 0.001

R2
level1=15.1%, R2

level2=59.4% 



Results

• Students have more items that were answered correctly than 
incorrectly in more time than the median

• Students typically spent more time on correctly answered questions 
than on incorrect ones

•  indicators of persistence 

• A high frequency of slow responses on incorrect items was indicative of 
lower performance (indicator of struggling with items).



Results

• Larger variations across countries than within countries

• The amount of time spent on both correct and incorrect responses had 
a positive effect on math achievement at the student level, indicating 
that being a slow responder should not be interpreted as 
disengagement.

• At the country level, countries where students spent more time on overtime 
success had lower levels of achievement



Directions for further research

• Would similar results be obtained from the data for grade 8 
students or in other subjects?

• What are the examinee characteristics, or country variables that 
could help explain the variations that exist in the magnitude of 
these indicators? 

• How can these indicators be calculated in polytomous items in 
TIMSS?



Closing remarks

Beyond Rankings: While league tables capture attention, the 
true value of ILSAs lies in their ability to provide insights into 
the educational process.
Beyond Achievement: ILSAs provide comprehensive datasets 
and background variables beyond achievement to understand 
educational outcomes over time
Unlocking Process Data: Process data can provide a window 
into students' minds that need to be explored further
We should move beyond emphasizing the questions that 
ILSAs cannot answer and identify the ways in which they can 
help us improve the future



THANK YOU!

Any questions? 

Papanastasiou.e@Unic.ac.cy
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