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The TIMSS 2019 fourth grade assessment with less difficult mathematics was developed together 
with the regular fourth grade mathematics assessment and reflected the mathematics described in the 
TIMSS 2019 Mathematics Framework (Lindquist, Philpot, Mullis, & Cotter, 2017). The regular and less 
difficult versions of the assessment were equivalent in scope, and about one-third of the items were the 
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• Selecting the new items to meet the assessment specifications based on the field test results and 
trend items from previous cycles

• Conducting training in how to reliably score students’ responses to constructed response items to 
ensure the quality of the data

The development process is directed and managed by the staff of the TIMSS & PIRLS International 
Study Center, who collectively have considerable experience in the measurement and assessment of 
mathematics and science achievement. For TIMSS 2019, Executive Director, Ina Mullis, and Assistant 
Director of Mathematics, Kerry Cotter, managed the mathematics assessment development. Executive 
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Exhibit 1.1: TIMSS 2019 Science and Mathematics Item Review Committee (SMIRC)
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Date(s) Group and Activity

October 2016
Australia, Canada, and Singapore administered the eTIMSS prePilot, which included a 
sample of trend items converted to digital format and draft PSIs

November 2016

Consultants and staff at the TIMSS & PIRLS International Study Center reviewed the 
results of the eTIMSS prePilot and revised the PSIs and user interface specifications 
based on these results. The group also drafted one additional PSI for each grade, 
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Date(s) Group and Activity

March 2018 NRCs received scoring training for constructed response field test items (4th NRC 
meeting —Madrid, Spain)

May 2018 Countries submitted TIMSS 2019 Field Test achievement data for analysis and review

May 2018

NRCs provided feedback to the TIMSS & PIRLS International Study Center about the 
field-tested PSIs. Based on the NRC’s evaluations, the TIMSS & PIRLS International 
Study Center selected the PSIs to move forward to eTIMSS 2019 Data Collection and 
began editing the tasks based on NRC feedback

June 2018
IEA Hamburg completed data processing and TIMSS & PIRLS International Study 
Center completed scoring of machine-scored items

June 2018
TIMSS & PIRLS International Study Center reviewed the field test item statistics and 
assembled sets of proposed items for data collection 

July 2018
SMIRC reviewed the proposed items for data collection in conjunction with the field 
test results (3rd SMIRC meeting —Tromsø, Norway)

August 2018
NRCs reviewed and approved the proposed item blocks for TIMSS 2019 Data 
Collection (5th NRC meeting—Stockholm, Sweden)

September 2018
TIMSS & PIRLS International Study Center and IEA Hamburg finalized all TIMSS 2019 
Data Collection instruments and released the international instruments to countries for 
translation 

September–
December

2018 Southern Hemisphere countries conducted TIMSS 2019 data collection

September 2018
Consultants and staff at the TIMSS & PIRLS International Study Center reviewed and 
updated scoring guides and scorer training materials (Boston, USA)

November 2018
NRCs from Southern Hemisphere countries received scoring training for constructed 
response items (Cape Town, South Africa)

November 2018
TIMSS & PIRLS International Study Center finalized scoring guides and training 
materials for constructed response items and distributed them to NRCs from Southern 
Hemisphere countries

March 2019
NRCs from Northern Hemisphere countries received scoring training for constructed 
response items (Limassol, Cyprus)

March–June 2019 Northern Hemisphere countries conducted TIMSS 2019 data collection

Updating the Assessment Frameworks for TIMSS 2019
The first step in developing the TIMSS achievement instruments is to define and prioritize the 
mathematics and science content and skills that the assessment will measure. The assessment frameworks 
cannot drastically change from cycle to cycle, but are routinely updated to keep up with fresh ideas and 
current information about curricula, standards, and instruction in mathematics and science education 
around the world. The first two chapters of the TIMSS 2019 Assessment Frameworks (Mullis & Martin, 
2017), respectively, describe the mathematics and science frameworks in detail.

Exhibit 1.2: TIMSS 2019 Development Schedule for Achievement Items (continued)



TIMSS & PIRLS
 CHAPTER 1: DEVELOPING ACHIEVEMENT INSTRUMENTS
 METHODS AND PROCEDURES: TIMSS 2019 TECHNICAL REPORT 1.10

Writing and Reviewing the TIMSS 2019 Field Test Items and  
Scoring Guides
The TIMSS 2019 Field Test included approximately one and a half times the number of achievement 
items needed for data collection, to ensure a sufficient number of high quality items for the TIMSS 2019 
assessments. In all, about 800 items were field tested. With the exception of the PSIs (eTIMSS only) and 
less difficult mathematics items (paper only), all items were prepared and administered in both digital and 
paper format. These items were designed to be identical in content across eTIMSS and paperTIMSS, with 
the only difference being the response mode (e.g., a drag and drop item in eTIMSS may be a matching 
item in paperTIMSS). 

The TIMSS & PIRLS International Study Center uses a collaborative process involving the 
participating countries to develop the substantial number of new items and scoring guides needed for the 
field test. Most of the 2nd TIMSS 2019 NRC meeting in Hamburg, Germany was devoted to a workshop 
for developing the field test items. The NRCs, together with experienced item writers from participating 
countries and staff from the TIMSS & PIRLS International Study Center, drafted the majority of the new 
items for the mathematics and science field tests during this workshop.

In preparation for the item writing workshop, staff at the TIMSS & PIRLS International Study Center 
identified the scope of the item writing task for the field test. Considerations included the total items 
needed based on the weight assigned to a particular topic in the TIMSS 2019 Assessment Frameworks 
(Mullis & Martin, 2017), as well as how many items existed from previous assessments. The TIMSS & 
PIRLS International Study Center also updated the item writing manual specifically developed for TIMSS 
assessments. The manual contains general information about procedures for obtaining good measurement 
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Staff from the TIMSS & PIRLS International Study Center used the TIMSS 2019 Item Writing Guidelines 
to provide training to the teams on item writing procedures. The teams were asked to provide a complete 
draft of each item they developed, including the content topic and cognitive area from the framework 
that the item addressed and the information needed to score the item (i.e., an answer key for selected 
response items or scoring guide for constructed response items). Once teams had completed their own 
item writing assignments, they reviewed the items drafted by other teams. In addition, some teams 
continued to send items to the TIMSS & PIRLS International Study Center for several weeks after the 
Item Writing Workshop. 

Exhibit 1.3 shows the number of participants in the TIMSS 2019 Item Writing Workshop and the 
approximate number of items written.

Exhibit 1.3: TIMSS 2019 Item Writing Workshop to Develop Field Test Items

Participants

Number of Countries and Benchmarking Entities 53
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outing and review, improvements were made to both the PSIs and their software with the aim of eliciting 
the intended types of responses from students.

eTIMSS Cognitive Laboratories

Staff at the TIMSS & PIRLS International Study Center partnered with the American Institutes for 
Research (AIR) to conduct cognitive laboratories in the very early stages of the transition to eTIMSS 
(August 2015). The goal of this study was to investigate two aspects of digital assessment that would 
inform next steps in eTIMSS development: students’ interactions with drafts of the first PSIs, and students’ 
experiences with the eTIMSS interface.

The TIMSS & PIRLS International Study Center prepared two prototype PSIs and a set of TIMSS trend 
items in digital format at each grade, along with a list of research questions, from which AIR developed 
interview protocols. During the interviews, students explained their thoughts while engaging with the 
items on tablets, providing insight into how the PSI format and eTIMSS interface could be improved.

AIR conducted the interviews with a purposive sample of 32 fourth and eighth grade students 
from the greater Washington, D.C. area. Following the interviews, AIR prepared a report to address 
each of the TIMSS & PIRLS International Center’s research questions. The reports from the cognitive 
laboratories prompted substantial revisions to the PSI item format and the eTIMSS interface. In particular, 
the students reported difficulties in using a stylus to write or draw, so the device keyboards were enabled 
for items requiring a written response and a new tool for drawing lines was developed.

eTIMSS prePilot

The eTIMSS prePilot was conducted in September 2016 to collect more information on students’ 
interactions with the draft PSIs and eTIMSS interface in a standard testing situation. The prePilot 
instruments included a total of 12 PSI tasks across both subjects and grades and incorporated a broader 
variety of interactive features and item types than the first prototypes. The instruments also were designed 
to be administered on both computers and tablets to accommodate a wider range of devices and support 
more countries’ participation in eTIMSS.

The eTIMSS prePilot was conducted in three English-speaking countries with experience in 
conducting digital assessments: Australia, Canada, and Singapore. Each country selected two to four 
classes at each grade to participate and made efforts to include students with a range of mathematics 
and science ability. This sample yielded approximately 100 responses per item at both the fourth and the 
eighth grade.
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The TIMSS 2019 Field Test
In preparation for data collection, TIMSS routinely conducts a full-scale field test for the purposes of 
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Exhibit 1.4: Overview of the TIMSS 2019 Field Test

Fourth Grade Eighth Grade

eTIMSS paperTIMSS
Less 

Difficult 
Mathematics

eTIMSS paperTIMSS

Items in Field Test

Mathematics 174 127 130 201 158

Science 164 134 134 212 167

Total 338 261 264 413 325

Responses per Item per 
Country (approx.)

200 200 200 200 200

Participants

Countries 31 18 7 22 14

Benchmarking Entities 6 – – 5 –

Students 50,158 19,656 8,128 37,512 16,225

Teachers 3,337 1,176 471 5,009 1,826

Schools 1,340 526 203 852 342
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Exhibit 1.5: TIMSS 2019 Number of Field Test Items by Content Domain and Item Format –  
Fourth Grade

Content Domain
Number of
 Selected

Response Items

Number of 
Constructed 

Response Items

Total 
Number of Items
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Exhibit 1.6: TIMSS 2019 Number of Field Test Items by Cognitive Domain and Item Format – Fourth 
Grade

Cognitive Domain
Number of
 Selected

Response Items

Number of 
Constructed 

Response Items

Total 
Number of Items

Percentage of 
Total Items

Mathematics – eTIMSS and paperTIMSS

Knowing 29 14 43 33%

Applying 27 38 65 50%

Reasoning 8 15 23 18%

Total 64 67 131

Mathematics – Less Difficult

Knowing 36 11 47 36%

Applying 25 30 55 42%

Reasoning 8 20 28 22%

Total 69 61 130

Science – eTIMSS and paperTIMSS

Knowing 42 16 58 43%

Applying 28 17 45 34%

Reasoning 16 15 31 23%

Total 86 48 134

Four mathematics items were only field tested in eTIMSS and four items were only field tested in paperTIMSS. Counts include all eight 
of these items.
Five item blocks (64 items) were common to both the regular and less difficult fourth grade mathematics assessments.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.7: TIMSS 2019 Number of Field Test Items by Content Domain and Item Format – Eighth 
Grade
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The eTIMSS 2019 Field Test also included eight mathematics and science PSI tasks at the fourth 
grade, comprising 72 items, and seven mathematics and science PSI tasks at the eighth grade, comprising 
83 items. Because the PSIs were designed with the distinct goals of increasing coverage of traditionally 
difficult to measure areas of the mathematics and science frameworks in the applying and reasoning 
cognitive domains by capitalizing on technology, choices about the content topics to assess with each task 
were largely guided by the problem contexts and potential uses of technology to enhance measurement. 
Following the field test, two-thirds of the PSI tasks were selected for data collection (see Exhibit 1.18 for 
a description of the selected tasks).

Developing the Materials for TIMSS 2019 Field Test  
Scoring Training 
To ensure the quality of the TIMSS assessment results, it is critical that students’ responses to the 
achievement items demonstrate the knowledge, application, or reasoning in mathematics or science 
required by the item to receive credit. It also is critical that students’ responses are evaluated consistently 
to enable comparisons of students’ mathematics and science achievement across countries and over time. 
For these reasons, TIMSS expends considerable effort to ensure the validity and reliability of the scores 
assigned to students’ responses to the TIMSS achievement items. 

In addition to developing a unique scoring guide for each constructed response item, the TIMSS 
& PIRLS International Study Center provided training for the NRCs and their scoring supervisors to 
ensure that the scoring guides for all human-scored constructed response items were applied consistently 
within and across countries. The TIMSS 2019 training materials consisted of sets of student responses 
for a selected group of items with the most complicated scoring guides. For each item, the training set 
consisted of 8 to 12 student responses illustrating the codes in the scoring guide (example responses) 
followed by 8 to 12 student responses without pre-assigned score codes (practice responses).

To allow for field test scoring to begin immediately upon completion of data collection, it was 
necessary to prepare scoring training materials for the newly developed constructed response items 
in advance of the field test. To provide “grist” for these materials, Australia, England, and Ireland pilot 
tested a selection of the newly developed constructed response field test items in several classrooms with 
English-speaking students in January 2018. Because students may express their answers in different ways 
when typing versus writing by hand, both typed and handwritten responses were collected for the all 
items in both the eTIMSS and paperTIMSS assessments. 

Exhibit 1.9 provides the number of items included in the pilot test and the number of student 
responses collected. Only a small number of mathematics items required scoring training, so the majority 
of the items in the pilot were in science. 
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Exhibit 1.9: Pilot Test Student Responses for Field Test Scoring Training Materials Development

Number of 
Items

Approximate Number of Responses

eTIMSS paperTIMSS

Fourth Grade

Mathematics 5 93 96

Science 21 93 96

Countries England Australia and Ireland

Eighth Grade

Mathematics 6 80 43

Science 19 80 43

Countries England Ireland

Consultants and staff at the TIMSS & PIRLS International Study Center met in January 2018 to 
review responses collected in the pilot test and create the training materials. For the TIMSS 2019 Field 
Test, training sets of example and practice responses were created for a total of 23 fourth grade items and 
30 eighth grade items. These sets included both typed and handwritten responses to prepare scorers to 
score student responses in both modes of administration.

The TIMSS 2019 NRCs and their scoring supervisors received scoring training for the field test in 
March 2018 in Madrid, Spain, as part of the 4th TIMSS 2019 NRC meeting. At the training sessions, the 
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of students to whom the item was administered, the item difficulty and discrimination, the percentage 
of students answering each option (selected response) or in each score category (constructed response), 
the point-biserial correlation for each selected response option or constructed response category, and the 
degree of scoring agreement for human-scored constructed response items. The field test data were used 
by the TIMSS & PIRLS International Study Center, expert committees, and NRCs to assess the quality 
of the field test items. 
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Foy, 2018), a pilot conducted in 25 eTIMSS countries to investigate potential differences in student 
achievement on the trend items between the paper and digital modes of administration, provided 
evidence that the mathematics and science constructs assessed by the trend items were mostly unaffected 
in the transition to eTIMSS at both grades. Still, to ensure that the eTIMSS and paperTIMSS results could 
be reported on the same achievement scale, eTIMSS 2019 countries that had participated in TIMSS 2015 
also re-administered the trend items in paper booklets to a nationally representative sample of students 
during data collection to provide a “bridge” between paperTIMSS and eTIMSS (see Chapter 12 for 
additional details). 

Distribution of the TIMSS 2019 Achievement Items 
It is critical to document the coherence between the assessment frameworks and achievement instruments 
to ensure that an assessment measures what it is intended to measure and provide evidence for the 
validity of the assessment results. Because the TIMSS assessments encompass two domains (content and 
cognitive) and include both trend and newly developed items in a variety of formats, it is necessary to 
demonstrate the alignment between the items and assessment specifications from multiple perspectives.

Achievement Items by Content and Cognitive Domain

The TIMSS 2019 assessments consisted of approximately 40 percent new items and 60 percent trend 
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Exhibit 1.10: TIMSS 2019 Achievement Items by Content Domain – Fourth Grade
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Exhibit 1.11: TIMSS 2019 Achievement Items by Cognitive Domain – Fourth Grade

Cognitive
Domain

Trend New Total Target 
Percentage 

of Score 
Points

Number of 
Items

Percentage 
of Score 

Points

Number of 
Items

Percentage 
of Score 

Points

Number of 
Items

Percentage 
of Score 

Points

Mathematics – eTIMSS and paperTIMSS

Knowing 34 (34) 35% 29 (29) 31% 63 (63) 33% 40%

Applying 40 (42) 43% 34 (39) 42% 74 (81) 43% 40%

Reasoning 18 (21) 22% 20 (25) 27% 38 (46) 24% 20%

Total 92 (97) 83 (93) 175 (190)

Mathematics – Less Difficult

Knowing 56 (56) 48% 25 (26) 34% 81 (82) 43% 40%

Applying 39 (40) 34% 27 (32) 42% 66 (72) 38% 40%

Reasoning 16 (20) 17% 16 (18) 24% 32 (38) 20% 20%

Total 111 (116) 68 (76) 179 (192)

Science – eTIMSS and paperTIMSS

Knowing 42 (45) 44% 31 (32) 41% 73 (77) 43% 40%

Applying 35 (36) 35% 30 (30) 38% 65 (66) 36% 40%

Reasoning 21 (21) 21% 16 (17) 22% 37 (38) 21% 20%

Total 98 (102) 77 (79) 175 (181)

Score points are shown in parentheses.
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Exhibit 1.12: TIMSS 2019 Achievement Items by Content Domain – Eighth Grade

Content
Domain

Trend New Total Target
Percentage 

of Score 
Points

Number of 
Items

Percentage 
of Score 

Points

Number of 
Items

Percentage 
of Score 

Points

Number of 
Items

Percentage 
of Score 

Points

Mathematics – eTIMSS and paperTIMSS

Number 36 (37) 30% 28 (30) 30% 64 (67) 30% 30%

Algebra 31 (32) 26% 31 (32) 32% 62 (64) 29% 30%

Geometry 25 (28) 22% 18 (20) 20% 43 (48) 21% 20%

Data and 
Probability

25 (28) 22% 17 (17) 17% 42 (45) 20% 20%

Total 117 (125) 94 (99) 211 (224)

Science – eTIMSS and paperTIMSS

Biology 39 (48) 32% 38 (43) 39% 77 (91) 35% 35%

Chemistry 22 (23) 18% 22 (25) 22% 44 (48) 20% 20%

Physics 33 (33) 27% 22 (25) 22% 55 (58) 25% 25%

Earth Science 28 (29) 23% 16 (17) 16% 44 (46) 20% 20%

Total 122 (133) 98 (110) 220 (243)

Score points are shown in parentheses.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.

Exhibit 1.13: TIMSS 2019 Achievement Items by Cognitive Domain – Eighth Grade

Cognitive
Domain

Trend New Total Target
Percentage 

of Score 
Points

Number of 
Items

Percentage 
of Score 

Points

Number of 
Items

Percentage 
of Score 

Points

Number of 
Items

Percentage 
of Score 

Points

Mathematics – eTIMSS and paperTIMSS

Knowing 35 (35) 28% 30 (32) 32% 65 (67) 30% 35%

Applying 58 (61) 49% 39 (40) 40% 97 (101) 45% 40%

Reasoning 24 (29) 23% 25 (27) 27% 49 (56) 25% 25%

Total 117 (125) 94 (99) 211 (224)

Science – eTIMSS and paperTIMSS

Knowing 45 (50) 37% 35 (36) 36% 80 (86) 36% 35%

Applying 46 (50) 38% 36 (44) 37% 82 (94) 37% 35%

Reasoning 31 (33) 25% 27 (30) 28% 58 (63) 26% 30%

Total 122
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Achievement Items by Item Formats within Content and Cognitive Domains

To assess the broad range of mathematics and science topics and skills described in the assessment 
frameworks, the TIMSS 2019 fourth and eighth grade assessments included a wide variety of selected 
response and constructed response items. Both the digital and paper versions of the TIMSS 2019 
assessments included two general types of selected response items—single selection, in which students 
choose one of four response options, and multiple selection, in which students chose more than one 
option from a number of response options or made a series of selections to respond to a question. In 
eTIMSS, the answer options for some selected response items were presented in drop-down menus or 
as clickable pictures or words. Most TIMSS 2019 selected response items were worth one score point, 
although some multiple selection items were worth two score points. The 2-point multiple selection 
items were scored as fully correct (all parts answered correctly; 2 score points), partially correct (most 
parts answered correctly; 1 score point), or incorrect (few or no parts answered correctly; 0 score points). 

Constructed response items, which involve writing or typing words or numbers, drawing, or 
dragging and dropping for eTIMSS, were worth one or two score points depending on the degree of 
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Exhibit 1.14: 
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Exhibit 1.15: TIMSS 2019 Achievement Items by Cognitive Domain and Item Format – Fourth Grade

Cognitive Domain

Selected 
Response Items

Constructed
Response Items

Total Items
Percentage 

of Score 
PointsSingle 

Selection
Multiple

Selection 1 Point 2 Points 

Mathematics – eTIMSS and paperTIMSS

Knowing 33 (33) 12 (12) 18 (18) – – 63 (63) 33%

Applying 25 (25) 2 (2) 40 (40) 7 (14) 74 (81) 43%

Reasoning 14 (14) 2 (2) 14 (14) 8 (16) 38 (46) 24%

Total 72 (72) 16 (16) 72 (72) 15 (30) 175 (190)

Achieved Percentage of 
Score Points

46% 54%

Mathematics – Less Difficult

Knowing 46 (46) 2 (2) 32 (32) 1 (2) 81 (82) 43%

Applying 25 (25) 2 (3) 34 (34) 5 (10) 66 (72) 38%

Reasoning 11 (11) 1 (1) 14 (14) 6 (12) 32 (38) 20%

Total 82 (82) 5 (6) 80 (80) 12 (24) 179 (192)

Achieved Percentage of 
Score Points

46% 54%

Science – eTIMSS and paperTIMSS

Knowing 42 (42) 10 (11) 18 (18) 3 (6) 73 (77) 43%

Applying 33 (33) 3 (3) 28 (28) 1 (2) 65 (66) 36%

Reasoning 19 (19) 2 (2) 15 (15) 1 (2) 37 (38) 21%

Total 94 (94) 15 (16) 61 (61) 5 (10) 175 (181)

Achieved Percentage of 
Score Points

61% 39%

Score points are shown in parentheses.
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Exhibit 1.16: TIMSS 2019 Achievement Items by Content Domain and Item Format – Eighth Grade

Content Domain

Selected 
Response Items

Constructed
Response Items

Total Items
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Exhibit 1.17: TIMSS 2019 Achievement Items by Cognitive Domain and Item Format – Eighth Grade
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Exhibit 1.19: Comparison of Target and Achieved Percentages of Domain Coverage in the  
eTIMSS 2019 Mathematics and Science Assessments – Fourth Grade

MATHEMATICS

Content Domains Cognitive Domains

SCIENCE

Content Domains Cognitive Domains
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Exhibit 1.20: Comparison of Target and Achieved Percentages of Domain Coverage in the  
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TIMSS 2019 Constructed Response Scoring Training
In preparation for the main data collection scoring training, some TIMSS 2019 scoring guides were 
further refined or clarified based on the results of the field test. This also included a thorough review 
of the field test scoring training materials to ensure that the student responses were still suitable for the 
updated scoring guides. In some cases, example and practice sets used in the field test were expanded to 
further illustrate particular aspects of a scoring guide. 

The TIMSS 2019 scoring training materials also included the training sets for the trend items 
used in TIMSS 2015. These training materials were updated for TIMSS 2019 to include both typed and 
handwritten responses. In all, the TIMSS 2019 scoring training materials included sets of example and 
practice responses for a total of 26 fourth grade items and 27 eighth grade items. 
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The Process Following Instrument Development
After the participating countries received the international version of the achievement instruments, 
they began the process of translation and cultural adaptation (some adaptation to local usage typically 
is necessary even in English-speaking countries) and production of the materials needed to administer 
the assessment. The tasks involved in producing the materials differed depending on whether eTIMSS 
or paperTIMSS was being administered. At the same time, countries made final arrangements for data 
collection, including the host of activities necessary to obtain school participation and implement test 
administration. 
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