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This chapter summarises the student test participation rates for the pre- and 

post-test and describes the procedure to test and to analyse student test item 

functioning across participating countries/economies. It also elaborates on the 

statistical processes used to calculate student performance scores.  Raw and 

item response theory (IRT) scores were calculated and summarised for the 

Study, and the IRT scores were retained for subsequent analyses relating 

teaching quality to student performance in quadratic equations.  

  

17 Student test characteristics 
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Introduction 

The test design for the pre- and post-tests for Global Teaching InSights (results from the TALIS Video Study 

project, and is hereafter cited in this chapter as “the Study” or “GTI”) Study consisted of multiple-choice items 

and was based on including items with a range of difficulty levels. The Study established statistical procedures 

to assess cross-country comparability across test items and to derive student performance scores in 

mathematics to relate teaching practices to student cognitive outcomes. 

This chapter describes the procedure for analysing test item properties and functioning to determine if any items 

perform poorly across several countries/economies and should be considered for dropping. It also describes 

how items that function differently across countries/economies are identified and handled in the item response 

theory (IRT) scaling framework. In what follows, the chapter also elaborates on the two types of performance 

scores, raw and IRT scores. The raw proportion correct and IRT scores are strongly correlated. However, given 

that the IRT scores use information in the item responses more efficiently and results in more comparable scores 

across countries/economies, they are retained for subsequent analyses examining the relationships between 

performance scores, video observations, and background variables.  

Participation rate of student tests 

Understanding the participation rate in large-scale assessments is one of the first elements that need to be 

checked to analyse item test characteristics and to calculate scores based on test items. As described in 

Chapter 9, in each participating country/ economy, the National Study Centres (NSCs) administered a pre-test 

prior to and a post-test after teaching the focal unit of quadratic equations to measure how teaching practices 

link to student learning outcomes. 

Table 17.1 summarises the number of participating students, schools and teacher in the Study. The number of 

absent students, including students who dropped out during the data collection, and students who were 

excluded from analyses due to low response rate (i.e. responded to five or fewer items) are also presented. 

Overall, the number of students who were excluded from the final database was low in most participating 

countries/economies. However, it is important to note that around 10% of students were absent from the 

pre- and/or the post-test(s) in Bíobio, Metropolitana and Valparaíso (Chile) (hereafter “B-M-V [Chile]”), 

Colombia, Madrid (Spain) and Mexico. The percentage of students who responded to all items ranged between 

50% and 98% on both tests. The average number of omitted items per student varied between zero and three 

omits.  
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Table 17.1. Student participation rate on the pre- and post-tests 

 Test Total N of 

absent 

students1 

N of 

students 

with few 

items2 

N of 

students 

with valid 

test-scores 

Prop. of 

students with 

complete 

tests (%) 

Average N of 

omitted 

items per 

student 

N of 

schools3 

N of classrooms4 

B-M-V 

(Chile) 

Pre-test 2 675 155 11 2 509 65 1.45 98 98 

Post-test 2 675 282 49 2 344 56 2.82 98 98 

Colombia Pre-test 2 398 164 1 2 233 71 1.34 83 83 

Post-test 2 398 253 2 2 143 80 0.81 83 83 

England 

(UK) 
Pre-test 2 033 133 0 1 900 80 0.58 78 86 

Post-test 2 033 160 9 1 864 62 1.66 78 85 

Germany* Pre-test 1 140 70 1 1 069 68 0.93 39 50 

Post-test 1 140 92 6 1 042 55 2.31 39 50 

K-S-T 

(Japan) 
Pre-test 2 501 69 0 2 432 93 0.18 73 89 

Post-test 2 501 75 0 2 426 81 0.64 73 89 

Madrid 

(Spain) 

Pre-test 1 411 168 3 1 240 54 2.37 55 58 

Post-test 1 411 213 22 1 176 52 2.77 55 58 

Mexico Pre-test 2 783 199 2 2 582 77 1.16 103 103 

Post-test 2 783 248 6 2 529 78 1.14 103 103 

Shanghai 

(China) 

Pre-test 2 613 15 0 2 598 98 0.03 85 85 

Post-test 2 613 33 1 2 579 94 0.15 85 85 

1. Includes absent students, non-consenting students, and students who dropped out of the Study. These students were excluded from test score 

analyses.  

2. The number of students who completed fewer than five test items. These students were excluded from test score analyses.  

3. The number of schools for students with valid test scores.  

4. The number of classrooms with students who have valid test scores.  

Notes: *Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database. 

Analysis of test item properties and functioning 

After checking student participation rate on the pre- and post-tests an analysis of item and test properties was 

conducted prior to calculating final student performance scores. First, standard item statistics were computed 

for each item to identify poor item functioning within or across countries/economies. These standard item 

statistics were the following: 

 P+: the proportion of students selecting the correct response. 

 Pct A B C and D: the percentage of all students selecting each response option. 

 Pct omit: the percentage of students who did not answer the item (Pct A + Pct B+ Pct C + Pct D + Omit = 100).  

 High performers A B C and D: the frequency of high performing students selecting each response 

option (excluding those who omitted the item), where high performing students were defined as those 

students whose total scores were in the top 20% of the total score distribution. 

 ptBis (point biserial correlation): the Pearson correlation between the item score and the total score 

(excluding the item). 

 Bis (biserial correlation): the theoretical correlation between the item score and the total score 

(excluding the item) where it is assumed that the dichotomous item score arises from a continuous 

normally distributed variable1. 

 alphaDrop: Cronbach’s alpha computed after dropping the item of interest. 
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Items were flagged for further analysis if the proportion of students selecting the correct response was relatively 

low (P+ ≤0.2 which indicated that the item was considered as a difficult item) or very high (P+ ≥0.95 which 

indicated that the item was considered as an easy item).  Items that had more high performing students select 

an incorrect answer over the correct one were also flagged, which could suggest an issue with the item key. 

Other criteria of interest were related to the extent the item behaved similarly to the other items on the test; an 

items was flagged if the responses to the item did not correlate strongly with the total score (Bis < 0.2 or 

PtBis > 0.2) or if Cronbach’s alpha increased when the item of interest was excluded from the total score 

(alphaDrop > alpha). Typically, items flagged for one of these two reasons were also flagged for at least one of 

the other criteria. Finally, items with high omit rates where a large proportion of students did not respond to the 

item (Pct omit>10) were also flagged. 

Table 17.2 provides an overall summary of item statistics in each participating country/economy (see the 

Chapter 17 Annex for country-by-country statistics). 

Table 17.2. Summary of item statistics 

Test Country/economy Proportion correct 

(P+) 

Item-total correlation 

(ptBis) 

Percentage omit 

(Pct omit) 

Mean Min Max Mean Min Max Mean (%) Min (%) Max (%) 

Pre-test B-M-V (Chile) 0.66 0.39 0.96 0.47 0.22 0.69 5 0 17 

Pre-test Colombia 0.44 0.16 0.88 0.28 0.12 0.44 4 0 14 

Pre-test England (UK) 0.73 0.40 0.99 0.37 0.11 0.60 2 0 5 

Pre-test Germany* 0.69 0.40 0.99 0.29 0.05 0.50 3 0 9 

Pre-test K-S-T (Japan) 0.85 0.65 0.99 0.42 0.16 0.55 1 0 2 

Pre-test Madrid (Spain) 0.58 0.21 0.96 0.34 0.14 0.54 8 0 21 

Pre-test Mexico 0.48 0.21 0.88 0.32 0.23 0.45 4 0 13 

Pre-test Shanghai (China) 0.93 0.79 0.99 0.45 0.21 0.72 0 0 0 

Post-test B-M-V (Chile) 0.41 0.13 0.74 0.35 0.09 0.51 11 2 24 

Post-test Colombia 0.30 0.13 0.60 0.14 -0.03 0.25 3 1 6 

Post-test England (UK) 0.45 0.23 0.89 0.29 0.12 0.40 7 1 15 

Post-test Germany* 0.42 0.17 0.79 0.21 0.08 0.40 9 1 22 

Post-test K-S-T (Japan) 0.68 0.43 0.95 0.44 0.29 0.55 3 0 6 

Post-test Madrid (Spain) 0.35 0.20 0.70 0.21 0.05 0.38 11 3 21 

Post-test Mexico 0.30 0.12 0.55 0.16 0.05 0.30 5 0 11 

Post-test Shanghai (China) 0.81 0.54 0.97 0.43 0.33 0.55 1 0 2 

Notes: For each of the three selected statistics “Proportion correct” (P+) “Item-total correlation” (ptBis) and “Percentage omit” (Pct Omit) the table 

includes the mean, the minimum (Min), and the maximum (Max) value of item statistics (for the pre- and post-test). 

*Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database. 

Overall the pre-test has well-performing items with about half of the students in each country/economy 

responding correctly to each item (Table 17.2). No items were detected as functioning poorly in all eight 

participating countries/economies. In general, a high omit rate was the most common flagged issue across 

several education systems. In four countries/economies, more than 10% of students in the country/economy 

omitted items near the end of the test. Insufficient time to complete the test or the fact that items were ordered 

by difficultly might explain the high number of omitted items near the end of the test. In addition, there were 

three items that were identified as easy items in three to five countries/economies. These were items 1, 3, and 7. 

As the items that appeared at the beginning of the pre-test were intended to be easier, this finding was not 

surprising and did not provide a sufficient reason to drop these three items. Moreover, there was no item 
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consistently flagged across countries/economies with several problematic statistics. As a result, all pre-test 

items were preserved for calculating student pre-test scores in mathematics. 

Concerning post-test items, the analysis revealed that they were more difficult on average than the pre-test 

items with less than half of the students responding correctly to each item for all but two of the 

countries/economies (Table 17.2). In addition, the average item omit rate was higher for the post-test. Overall, 

items were most often flagged for low correlations with the total score (biserial or point-biserials) or for high omit 

rates. The majority of items flagged for low item-total correlations was observed in Colombia and Mexico 

(see Annex 17.A. [attached]). In these two countries, student test scores were highly concentrated with few 

students earning very high scores, which reduced the variance in total scores and thus the correlation between 

the individual item score and the total score. 

One post-test item (item 20) was flagged consistently across six participating countries/economies. This item 

had low item-total correlations: the point-biserial correlation ranged from 0 to 0.13 for the six flagged 

countries/economies. Similarly, the biserial correlations ranged from 0 to 0.18 for the flagged 

countries/economies. In addition, Cronbach’s alpha increased in the same six countries/economies once this 

item was removed. This might indicate that the item was not measuring the same construct as the other items. 

In one country/economy, more high performing students chose an incorrect response than the correct response 

for this item, and in several of the other countries/economies a high proportion of high performing students 

selected the same distractor although more selected the key. Analysis of empirical item characteristic curves 

for this item (proportion of students selecting the correct response at each raw total score point on the test) also 

revealed inconsistencies in the probability of choosing the correct over the incorrect response options. As a 

result, item 20 was removed from further analyses and was dropped for calculating student post-test scores in 

quadratic equations. 

All other post-test items however were preserved as further analysis did not reveal major statistical issues. 

There was one case where an item had a slightly negative item-total correlation in a particular country. 

Specifically, item 25 had slightly negative point-biserial and biserial correlation values (-0.03 and -0.04) in 

Colombia, but these low correlations were likely due to it being a difficult item in Colombia with only 14% of 

students being able to choose the correct answer. Moreover, this item performed reasonably well over all the 

countries/economies. Accordingly, this item was retained. 

The differences in item statistics and the frequency of statistical flags across countries/economies for both tests 

showed some variation in the difficulty level of items across participating countries/economies. This is not 

surprising as there was no common curriculum on quadratic equations in participating education systems. 

Furthermore, these results are consistent with the pilot results. The analysis of pilot test items showed that some 

items functioned differently across countries/economies. Consequently, a small number of items that did 

function well in only one or a handful of countries/economies was preserved to ensure the final test forms 

covered the intended test content as specified in the test blueprints (see Chapter 9 for more details). 

Differential item functioning 

To further explore the degree of similarly functioning items and the extent of test scores’ comparability across 

countries/economies a differential item functioning (DIF) analysis was conducted. The DIF analysis followed the 

approach used in PISA 2015 (OECD, 2017[1]). The DIF analysis requires fitting an Item Response Theory (IRT) 

model and involves identifying misfits in the common IRT model across countries/economies. The DIF analysis 

can detect any specific country/economy where a model misfit occurs for each item, when such misfit occurs. 

This identification of model misfit for specific countries/economies by item is not possible if an omnibus 

Mantel-Haenszel (MH) test statistic is used. Using the MH approach the number and the nature of items detected 

as having differential functioning vary depending on which country/economy is selected as the reference group. 

In contrast, the PISA approach is indifferent to the choice of a reference group and was thus better suited for 

conducting a DIF analysis for the test-items. 
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To fit the data across all of the countries/economies, the PISA 2015 approach compares 

country/economy-specific item characteristic curves (ICCs) with the expected ICC derived from an IRT model 

with a common set of item parameters across all countries/economies. For each student test (pre and post-test) 

a two-parameter-logistic (2-PL) multi-group IRT model was fit to all scored student response data from all 

countries/economies where all omitted responses were scored as incorrect. The item parameters (intercepts 

and slopes) were all set to be equal across countries/economies while one country/economy’s mean of 

performance theta was set to zero with a variance of 1. Meanwhile, the remaining countries/economies’ means 

and variances of theta were estimated freely. B-M-V (Chile) was selected as the reference group given its mean 

raw scores for the pre- and the post-test were in the middle of the countries/economies’ means although the 

analysis was invariant to the selected reference group. Once the multi-group IRT model was fit, weighted 

likelihood estimates (WLEs) of student performance were obtained for all students in each participating 

country/economy. The performance estimates were then binned from -5 to +5 by units of 0.25 (a total of 

K=41 bins). For each country/economy (j) and item (i), the proportion of students who responded correctly to 

each item (𝑋𝑖𝑗 = 1) was obtained for each performance estimate bin (k =1 to 41) to obtain the empirical ICCs, 

or 𝑃𝑒𝑚𝑝(𝑋𝑖𝑗 = 1|𝜃𝑘), where 𝑋𝑖𝑗 represents the score for item i for country/economy j . The empirical ICCs were 

then compared with the model-expected ICC (𝑃𝑒𝑥𝑝(𝑋𝑖𝑗 = 1|𝜃𝑘)), or the IRT-model-expected proportion correct 

for the midpoint of the kth performance estimate bin (e.g. the midpoint of the k=1 performance bin of -5.25 to -5 

is -5.125; that is, 𝜃𝑘=1 = −5.12).  

The extent that there is misfit (e.g. the empirical ICC deviates from the expected ICC derived from the 

IRT model) is evaluated with the root mean square difference (RMSD) between the empirical and expected 

ICCs for each item and for each country/economy: 

𝑅𝑀𝑆𝐷𝑖𝑗 = √∑ ((𝑃𝑒𝑚𝑝(𝑋𝑖𝑗 = 1|𝜃𝑘) − 𝑃𝑒𝑥𝑝(𝑋𝑖𝑗 = 1|𝜃𝑘))
2

𝑝𝑖𝑗(𝜃𝑘))

𝐾

𝑘=1

 

where i denotes item, j denotes the country/economy, k denotes the performance estimate bins, 𝜃𝑘 is the 

midpoint of the kth performance estimate bin and 𝑝𝑖𝑗(𝜃𝑘) denotes the proportion of students in country/economy 

j for item i whose performance estimates are in the kth bin. A RMSD of 0 indicates no inconsistency between 

the empirical and model-based expected ICCs or perfect fit. For cognitive domain items, PISA 2015 (OECD, 
2017) identified items as misfitting in a country/economy if 𝑅𝑀𝑆𝐷𝑖𝑗 ≥  0.12. Other cutoff values have been used 

by different testing programmes or for different measures (OECD, 2017[1]). For instance, PISA 2015 uses a 

cut-off of 0.30 for its non-cognitive items while PIAAC uses 0.15 for its cognitive items and 0.30 for non-cognitive 

items (OECD, 2013[2]). A general recommendation by Yamamoto et al. (2018[3]) is the use of  0.20 as a cut-off 

point for cognitive and non-cognitive items. For the Study, the most stringent criterion of 0.12 was chosen to 

optimise model fit. 

Overall, countries/economies’ item responses were accurately modelled by common item parameter estimates. 

Figure 17.1 however, provides an example where the common item parameter estimates were not working in 

at least one of the participating countries/economies. For this illustrative item—item 9 on the post-test—RMSDs 

exceeded the 0.12 cut-off in Germany*2 and Madrid (Spain). 

Table 17.3 and Table 17.4 show the RMSDs for each item in the pre- and post-test, respectively. In total, there 

were 28 cases of misfit for the pre-test (out of 30 items × 8 countries/economies = 240 possible cases) and 

17 for the post-test (out of 24 items × 8 countries/economies=192 possible cases) over all items and 

countries/economies. An IRT model was then fit with unique country/economy specific item parameters (slopes 

and intercepts) for items with misfit (e.g. 𝑅𝑀𝑆𝐷𝑖𝑗 ≥  0.12) and common parameters for all countries/economies 

for all other items. This model with the unique country/economy item parameters for items that were not fit well 

by a model with common item parameters for all countries/economies was later used to generate student 

pre-and post-test scores. For instance, for the example item shown in Figure 17.1, Germany* and Madrid (Spain) 

would each have their item parameters freely estimated for this item, while all other countries/economies would 

have common item parameters estimated for this item.  
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Figure 17.1. Empirical and expected empirical item characteristic curves 

Illustrative example using post-test item 9 

 
Notes: Germany* and Madrid (Spain) demonstrate misfit for this item. Misfit is determined by the magnitude of the “Root Mean Squared Difference” 

(RMSD) between the empirical and expected item characteristic curves. Cases with RMSDs greater or equal to 0.12 are flagged as misfitting items. 

The figure shows the proportion of students within performance estimate bins who answered the item correctly compared to the model-implied curve. 

The figure includes only performance bins with ten or more students to reduce noise due to low sample size. 

*Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database. 

Table 17.3. Root mean square differences (RMSDs) between the expected and empirical item 
characteristic curves for pre-test items 

Item B-M-V 

(Chile) 

Colombia England 

(UK) 

Germany* K-S-T 

(Japan) 

Madrid 

(Spain) 

Mexico Shanghai 

(China) 

STA_SCORE01 0.04 0.04 0.04 0.03 0.04 0.04 0.05 0.03 

STA_SCORE02 0.04 0.09 0.05 0.18 0.05 0.27 0.09 0.05 

STA_SCORE03 0.06 0.05 0.05 0.06 0.05 0.12 0.04 0.03 

STA_SCORE04 0.06 0.08 0.03 0.07 0.05 0.16 0.07 0.04 

STA_SCORE05 0.05 0.06 0.05 0.09 0.05 0.10 0.09 0.05 

STA_SCORE06 0.06 0.07 0.07 0.14 0.11 0.22 0.06 0.14 

STA_SCORE07 0.04 0.07 0.04 0.07 0.02 0.05 0.05 0.04 

STA_SCORE08 0.06 0.09 0.05 0.07 0.09 0.16 0.11 0.03 

STA_SCORE09 0.03 0.07 0.06 0.08 0.03 0.08 0.07 0.05 

STA_SCORE10 0.04 0.03 0.09 0.10 0.08 0.13 0.03 0.04 

STA_SCORE11 0.06 0.05 0.14 0.05 0.10 0.13 0.10 0.05 

STA_SCORE12 0.06 0.11 0.05 0.05 0.11 0.12 0.06 0.05 

STA_SCORE13 0.08 0.04 0.05 0.08 0.06 0.09 0.06 0.03 

STA_SCORE14 0.06 0.04 0.06 0.06 0.06 0.10 0.08 0.05 

STA_SCORE15 0.08 0.05 0.07 0.17 0.06 0.11 0.03 0.03 

STA_SCORE16 0.04 0.12 0.13 0.11 0.08 0.08 0.06 0.05 

STA_SCORE17 0.07 0.07 0.10 0.04 0.06 0.11 0.04 0.05 

STA_SCORE18 0.07 0.04 0.06 0.07 0.07 0.14 0.05 0.09 

STA_SCORE19 0.06 0.06 0.07 0.13 0.13 0.05 0.06 0.03 
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Item B-M-V 

(Chile) 

Colombia England 

(UK) 

Germany* K-S-T 

(Japan) 

Madrid 

(Spain) 

Mexico Shanghai 

(China) 

STA_SCORE20 0.06 0.06 0.18 0.06 0.17 0.18 0.06 0.08 

STA_SCORE21 0.10 0.12 0.09 0.06 0.03 0.11 0.10 0.02 

STA_SCORE22 0.08 0.06 0.05 0.20 0.10 0.09 0.05 0.07 

STA_SCORE23 0.06 0.08 0.14 0.13 0.24 0.11 0.10 0.05 

STA_SCORE24 0.08 0.04 0.06 0.05 0.08 0.17 0.09 0.07 

STA_SCORE25 0.03 0.06 0.04 0.08 0.05 0.24 0.08 0.03 

STA_SCORE26 0.07 0.07 0.09 0.10 0.07 0.11 0.08 0.09 

STA_SCORE27 0.06 0.03 0.08 0.05 0.05 0.14 0.04 0.04 

STA_SCORE28 0.09 0.05 0.07 0.18 0.11 0.05 0.06 0.07 

STA_SCORE29 0.06 0.07 0.11 0.06 0.05 0.08 0.04 0.08 

STA_SCORE30 0.05 0.05 0.05 0.05 0.08 0.13 0.04 0.03 

Notes: Items in countries/economies with RMSD values that were greater than or equal to 0.12 are shown in bold. These items were identified as 

misfitting items from the other countries/economies. 

*Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database. 

Table 17.4. Root mean square differences (RMSDs) between the expected and empirical item 
characteristic curves for post-test items 

Item B-M-V (Chile) Colombia England (UK) Germany* K-S-T (Japan) Madrid (Spain) Mexico Shanghai (China) 

STB_SCORE01 0.04 0.05 0.12 0.04 0.06 0.06 0.14 0.02 

STB_SCORE02 0.06 0.07 0.04 0.14 0.06 0.07 0.05 0.05 

STB_SCORE03 0.08 0.05 0.05 0.06 0.05 0.11 0.05 0.05 

STB_SCORE04 0.06 0.06 0.04 0.07 0.11 0.08 0.03 0.09 

STB_SCORE05 0.04 0.05 0.06 0.09 0.04 0.08 0.06 0.08 

STB_SCORE06 0.07 0.07 0.05 0.08 0.05 0.13 0.05 0.05 

STB_SCORE07 0.05 0.08 0.09 0.08 0.08 0.19 0.07 0.09 

STB_SCORE08 0.04 0.07 0.05 0.08 0.06 0.06 0.04 0.06 

STB_SCORE09 0.11 0.07 0.11 0.25 0.07 0.23 0.08 0.08 

STB_SCORE10 0.08 0.08 0.13 0.16 0.06 0.08 0.05 0.05 

STB_SCORE11 0.06 0.07 0.07 0.07 0.05 0.1 0.08 0.04 

STB_SCORE12 0.04 0.07 0.07 0.09 0.07 0.07 0.03 0.08 

STB_SCORE13 0.04 0.04 0.06 0.08 0.04 0.07 0.04 0.05 

STB_SCORE14 0.08 0.08 0.06 0.07 0.07 0.06 0.04 0.12 

STB_SCORE15 0.06 0.04 0.09 0.07 0.05 0.13 0.04 0.06 

STB_SCORE16 0.07 0.05 0.06 0.09 0.07 0.14 0.04 0.05 

STB_SCORE17 0.06 0.05 0.06 0.12 0.05 0.11 0.06 0.07 

STB_SCORE18 0.05 0.03 0.05 0.07 0.13 0.06 0.05 0.14 

STB_SCORE19 0.1 0.04 0.06 0.07 0.07 0.1 0.05 0.05 

STB_SCORE21 0.06 0.04 0.04 0.05 0.06 0.09 0.04 0.09 

STB_SCORE22 0.14 0.05 0.08 0.06 0.06 0.05 0.06 0.08 

STB_SCORE23 0.11 0.06 0.07 0.13 0.04 0.09 0.04 0.04 

STB_SCORE24 0.09 0.04 0.07 0.07 0.09 0.08 0.05 0.14 

STB_SCORE25 0.14 0.06 0.04 0.06 0.09 0.07 0.05 0.09 

Notes: Items in countries/economies with RMSD values that were greater than or equal to 0.12 are shown in bold. These items were identified as 

misfitting items from the other countries/economies. 

*Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database. 
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For both the pre- and post-test, allowing some item parameters to be uniquely estimated for 

countries/economies improved overall model fit. Table 17.5 shows the overall model fit statistics for the model 

with common item parameters constrained across all participating countries/economies. Table 17.5 also 

describes the final partial invariance model with unique item parameters for items with misfit in specific 

countries/economies. For both the pre- and post-test, the likelihood ratio chi-squared test comparing the two 

models was significant, indicating that the less inhibited (final) model fits better. 

Table 17.5 Model fit statistics for multi-group 2-PL IRT model with all common and some unique 
country/economy item parameters  

Test Model  AIC1 BIC2 log-Likelihood3 chi-squared test comparing 

model fit4 

Pre-test All common 445663 446234 -222757  

Pre-test Some Unique 439521 440570 -219625 P(χ2(62) > 6266) = 0 

Post-test All common 425316 425793 -212596  

Post-test Some Unique 422831 423615 -211314 P(χ2(40) > 2565) = 0 

1.  The Akaike Information Criterion where smaller values indicate better model fit. 

2. The Bayesian information Criterion where smaller values indicate better model fit. 

3. Larger values of the log-likelihood indicate better model fit.  

4. The p-value for the likelihood ratio chi-squared test that tests whether the less inhibited model with some unique item parameters fits significantly 

better than the simpler model with all common item parameters. For both the pre- and post-test, the p-values are 0, indicating the model with some 

unique item parameters fits better.  

Source: OECD, Global Teaching InSights Database. 

Student performance scores on the pre- and post-tests 

Two types of student performance scores for the pre- and post-tests were calculated for the Study: raw and 

IRT scores. The raw scores were based on the proportion of correct pre-and post-test answers for each student. 

These scores describe the sum of correct responses for the preserved items (all 30 items for the pre-test and 

24 out of the 25 items for the post-test). The IRT pre-and post-test performance scores were based on the 

WLE student performance (theta) estimates. These estimates were calculated for students with the final 

IRT model results that included the unique country/economy item parameter estimates for identified misfit from 

the common parameters for the pre- and the post-tests. 

Table 17.6 provides summary statistics for both types of scores (raw and IRT scores) at the student-level 

including, the mean, the median, the standard deviation (SD), the skewness, the minimum (min), the 

25th percentile (Q25), the 75th percentile (Q75), and the maximum (max). In addition, reliability estimates were 

also calculated for both scores: Cronbach’s alpha for the proportion correct score and the empirical reliability for 

the IRT scores. 

Table 17.6. Raw and IRT student test scores at the student level 

Summary statistics for the pre- and the post-test, by country/economy 

Country/economy Test Score N Mean Median S.D. Skew Min 25th 

Percentile 

75th 

Percentile 

Max Reliability1 

B-M-V (Chile) 

 

Pre-test Raw 2509 0.66 0.67 0.24 -0.25 0.03 0.47 0.87 1.00 0.91 

Pre-test IRT 2509 0.00 -0.14 1.03 0.46 -3.18 -0.78 0.65 2.28 0.86 

Post-test Raw 2344 0.42 0.38 0.21 0.63 0.00 0.25 0.54 1.00 0.82 

Post-test IRT 2344 0.03 -0.14 1.09 1.34 -3.46 -0.71 0.56 5.41 0.84 
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Country/economy Test Score N Mean Median S.D. Skew Min 25th 

Percentile 

75th 

Percentile 

Max Reliability1 

Colombia 

 

Pre-test Raw 2233 0.44 0.43 0.17 0.63 0.07 0.33 0.53 0.97 0.78 

Pre-test IRT 2233 -0.88 -0.91 0.54 0.59 -2.67 -1.24 -0.57 1.53 0.81 

Post-test Raw 2143 0.30 0.29 0.13 0.92 0.00 0.21 0.38 0.88 0.51 

Post-test IRT 2143 -0.60 -0.61 0.57 0.24 -3.41 -0.96 -0.27 1.96 0.65 

England (UK) 

 

Pre-test Raw 1900 0.73 0.73 0.18 -0.40 0.10 0.60 0.87 1.00 0.86 

Pre-test IRT 1900 0.24 0.11 0.87 0.53 -2.51 -0.39 0.80 2.30 0.83 

Post-test Raw 1864 0.45 0.42 0.19 0.46 0.04 0.33 0.58 1.00 0.76 

Post-test IRT 1864 0.11 0.01 0.84 0.72 -2.46 -0.43 0.58 4.37 0.80 

Germany* Pre-test Raw 1069 0.69 0.70 0.16 -0.06 0.20 0.57 0.80 1.00 0.80 

Pre-test IRT 1069 -0.02 -0.11 0.67 0.97 -1.62 -0.47 0.31 2.08 0.81 

Post-test Raw 1042 0.43 0.42 0.16 0.39 0.04 0.33 0.54 0.96 0.66 

Post-test IRT 1042 0.04 -0.04 0.73 0.49 -2.42 -0.47 0.51 4.01 0.76 

K-S-T (Japan) Pre-test Raw 2432 0.85 0.90 0.16 -1.51 0.17 0.80 0.97 1.00 0.88 

Pre-test IRT 2432 0.93 0.88 0.96 -0.05 -1.87 0.25 1.57 2.38 0.72 

Post-test Raw 2426 0.69 0.71 0.23 -0.44 0.08 0.50 0.88 1.00 0.88 

Post-test IRT 2426 1.38 1.21 1.41 0.49 -2.01 0.30 2.24 4.38 0.82 

Madrid (Spain) Pre-test Raw 1240 0.58 0.57 0.18 -0.05 0.03 0.46 0.73 1.00 0.83 

Pre-test IRT 1240 -0.44 -0.50 0.66 0.95 -2.99 -0.87 -0.11 2.92 0.85 

Post-test Raw 1176 0.35 0.33 0.15 0.53 0.00 0.25 0.46 0.92 0.65 

Post-test IRT 1176 -0.35 -0.40 0.73 0.25 -3.57 -0.83 0.09 3.09 0.75 

Mexico Pre-test Raw 2582 0.48 0.47 0.18 0.56 0.00 0.37 0.57 1.00 0.82 

Pre-test IRT 2582 -0.75 -0.81 0.64 0.91 -4.14 -1.14 -0.46 2.28 0.84 

Post-test Raw 2529 0.31 0.29 0.13 1.02 0.00 0.21 0.38 1.00 0.55 

Post-test IRT 2529 -0.52 -0.54 0.62 0.69 -3.44 -0.86 -0.18 4.36 0.68 

Shanghai (China) Pre-test Raw 2598 0.93 0.97 0.12 -3.14 0.13 0.93 1.00 1.00 0.89 

Pre-test IRT 2598 1.57 1.60 0.88 -0.99 -1.97 1.07 2.44 2.44 0.54 

Post-test Raw 2579 0.83 0.88 0.18 -1.40 0.08 0.75 0.96 1.00 0.86 

Post-test IRT 2579 2.38 2.28 1.41 -0.04 -1.67 1.42 3.32 4.56 0.72 

1. The reliability for the raw scores is Cronbach’s alpha while the reliability estimate for the IRT scores is the empirical IRT reliability.  

Notes: *Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database. 

Table 17.7 provides summary statistics for the raw and IRT scores averaged at the classroom level, including 

the average number of students with valid test scores per classroom.  
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Table 17.7. Raw and IRT student test scores at the classroom level 

Summary statistics for the pre and the post-test, by country/economy 

Country/economy Type Score N Mean N1 SD N2 Mean Median SD skew Min Q253 Q754 Max 

B-M-V (Chile) 

 

Pre-test Raw 98 25.6 5.1 0.65 0.64 0.18 -0.02 0.29 0.48 0.81 0.97 

Pre-test IRT 98 25.6 5.1 -0.03 -0.15 0.76 0.31 -1.39 -0.72 0.59 1.82 

Post-test Raw 98 23.9 4.7 0.41 0.38 0.15 0.68 0.18 0.30 0.50 0.84 

Post-test IRT 98 23.9 4.7 -0.01 -0.20 0.73 0.92 -1.11 -0.59 0.38 2.38 

Colombia 

 

Pre-test Raw 83 26.9 7.4 0.44 0.42 0.11 0.68 0.25 0.37 0.49 0.76 

Pre-test IRT 83 26.9 7.4 -0.90 -0.93 0.34 0.65 -1.51 -1.10 -0.75 0.13 

Post-test Raw 83 25.8 7.7 0.29 0.28 0.07 2.03 0.15 0.25 0.31 0.61 

Post-test IRT 83 25.8 7.7 -0.63 -0.67 0.32 1.55 -1.36 -0.84 -0.52 0.68 

England (UK) Pre-test Raw 86 22.1 6.4 0.70 0.71 0.16 -0.32 0.30 0.58 0.82 0.96 

Pre-test IRT 86 22.1 6.4 0.12 0.05 0.70 0.22 -1.34 -0.42 0.62 1.68 

Post-test Raw 85 21.7 6.8 0.43 0.39 0.13 0.64 0.23 0.33 0.51 0.74 

Post-test IRT 85 21.7 6.8 0.01 -0.18 0.60 0.66 -0.89 -0.48 0.34 1.47 

Germany* Pre-test Raw 50 21.4 4.5 0.69 0.69 0.10 0.06 0.50 0.63 0.74 0.91 

Pre-test IRT 50 21.4 4.5 -0.03 -0.07 0.37 0.50 -0.68 -0.23 0.19 0.98 

Post-test Raw 50 20.8 4.6 0.43 0.44 0.08 0.04 0.28 0.37 0.49 0.63 

Post-test IRT 50 20.8 4.6 0.03 0.08 0.39 -0.01 -0.73 -0.26 0.33 0.97 

K-S-T (Japan) Pre-test Raw 89 27.3 7.6 0.85 0.84 0.06 0.10 0.69 0.81 0.88 0.97 

Pre-test IRT 89 27.3 7.6 0.90 0.83 0.37 0.67 0.01 0.65 1.02 1.87 

Post-test Raw 89 27.3 7.7 0.68 0.67 0.09 0.40 0.45 0.62 0.72 0.91 

Post-test IRT 89 27.3 7.7 1.32 1.21 0.57 0.78 0.11 0.94 1.53 2.99 

Madrid (Spain) 

 

 

Pre-test Raw 58 21.4 4.9 0.57 0.57 0.11 -0.42 0.29 0.52 0.66 0.80 

Pre-test IRT 58 21.4 4.9 -0.46 -0.49 0.37 -0.06 -1.35 -0.64 -0.18 0.37 

Post-test Raw 58 20.3 5.21 0.34 0.34 0.07 0.51 0.21 0.29 0.40 0.52 

Post-test IRT 58 20.3 5.21 -0.38 -0.43 0.34 0.42 -1.03 -0.59 -0.18 0.47 

Mexico Pre-test Raw 103 25.1 6.16 0.48 0.45 0.11 1.22 0.31 0.39 0.53 0.82 

Pre-test IRT 103 25.1 6.16 -0.76 -0.83 0.39 1.48 -1.30 -1.04 -0.57 0.59 

Post-test Raw 103 24.6 6.23 0.30 0.29 0.07 1.83 0.19 0.26 0.33 0.58 

Post-test IRT 103 24.6 6.23 -0.53 -0.59 0.31 1.76 -1.05 -0.71 -0.43 0.73 

Shanghai (China) Pre-test Raw 85 30.6 8.88 0.92 0.94 0.06 -2.09 0.65 0.91 0.97 0.99 

Pre-test IRT 85 30.6 8.88 1.52 1.57 0.45 -1.26 -0.20 1.34 1.87 2.26 

Post-test Raw 85 30.3 8.83 0.81 0.82 0.11 -1.00 0.43 0.75 0.89 0.98 

Post-test IRT 85 30.3 8.83 2.27 2.23 0.81 -0.19 0.03 1.77 2.87 4.22 

1. The average number of students per classroom in the country/economy. 

2. The standard deviation of students per classroom in the country/economy. 

3. The 25th percentile of classroom mean test scores.  

4. The 75th percentile of classroom mean test scores. 

Notes: *Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database. 

The distributions of test scores at the student- and classroom-levels vary across countries/economies3. Overall, 

students performed better on the pre-test (a test of a broad set of mathematics skills) than on the post-test 

(a test on the focal topic of quadratic equations) as seen from comparing the raw scores across the two time 

points within a country/economy. Reliability estimates also tended to be lower for the post-test than pre-test with 

Cronbach’s alpha ranging between 0.78 and 0.91 (mean = .84) for the pre-test and between 0.51 and 

0.88 (mean = .71) for the post-test. The empirical reliability of the IRT scores ranged between 0.54 and 0.86 



   13 

GLOBAL TEACHING INSIGHTS © OECD 2021 
  

(mean = .78) on the pre-test and between 0.65 and 0.84 (mean = .75) on the post-test. The empirical reliability 

was the lowest in Shanghai (China) on the pre-test. Around 40% of students had the highest scores on the 

pre-test with highest standard errors, which, in turn, reduced reliability in that economy. The differences in mean 

scores and internal consistency of the tests (i.e. Cronbach’s alpha) may be due to differences in students’ 

opportunities to learn the assessed material across countries/economies. 

The IRT and raw proportion scores at the student level tend to be highly correlated across participating 

countries/economies. The values ranged between 0.89 and 0.98 on the pre-test and between 0.92 and .98 on 

the post-test (Table 17.8). At the classroom level, these correlation measures were stronger (ranging from 0.97 

to 1.0 for both tests). By looking at individual country/economy results, the pre- and post-test scores were 

moderately correlated: the correlation measures for both the IRT or raw scores ranged between 0.43 to 0.71 at 

the student level and between 0.60 and 0.93 at the classroom level. Matching problems between students and 

their respective teachers in Madrid (Spain) may explain the weaker correlations values between pre- and 

post-test scores (see Chapter 14 for more details). 

Table 17.8. Correlation values among raw proportional correct and IRT scores  

At the student and the classroom level, by country/economy 

Level Score1 Score2 B-M-V 

(Chile) 

Colombia England 

(UK) 

Germany* K-S-T 

(Japan) 

Madrid 

(Spain) 

Mexico Shanghai 

(China) 

Student Raw Pre IRT Pre 0.96 0.98 0.95 0.95 0.91 0.95 0.97 0.89 

Student Raw Pre Raw Post 0.66 0.45 0.67 0.57 0.71 0.43 0.52 0.70 

Student Raw Post IRT Post 0.96 0.97 0.98 0.98 0.95 0.96 0.97 0.92 

Student IRT Pre IRT Post 0.69 0.43 0.71 0.60 0.70 0.44 0.53 0.61 

Classroom Raw Pre IRT Pre 0.99 1.00 0.98 0.99 0.97 0.99 0.99 0.97 

Classroom Raw Pre Raw Post 0.90 0.74 0.89 0.78 0.77 0.60 0.81 0.90 

Classroom Raw Post IRT Post 0.99 0.99 1.00 0.99 0.98 0.98 0.99 0.97 

Classroom IRT Pre IRT Post 0.92 0.74 0.93 0.77 0.79 0.60 0.82 0.89 

Notes: *Germany refers to a convenience sample of volunteer schools. 

B-M-V (Chile) refers to Bíobio, Metropolitana and Valparaíso (Chile). 

K-S-T (Japan) refers to Kumagaya, Shizuoka and Toda (Japan). 

Source: OECD, Global Teaching InSights Database.  

Given that the IRT scores are more comparable across countries/economies, they will be used for all analyses 

relating student test scores to teaching quality observation and artefact scores. However, given the high 

correlation between IRT and raw proportion correct scores, this choice does not affect substantive inferences 

from the analytical results. 
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Notes

1 Biserial correlation is a correlational measure that estimates the strength of a relationship between an artificially 

dichotomous and a true continuous variable. Both variables are assumed to be normally distributed in their 

underlying populations. 

2 Germany* refers to a convenience sample of volunteer schools. 

3 B-M-V (Chile) was as the reference group in the multi-group IRT models for the pre-test and post-test. 

The mean and standard deviation of B-M-V (Chile)’s latent ability scale are fixed at 0 and 1 for the pre- and for 

the post-test, but the estimated IRT scores (WLEs) will not have exact means of 0 and SDs of 1 as seen in 

Table 17.6. 
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