
Chapter 4
Results for Student Misconceptions,
Errors, and Misunderstandings
in Physics and Mathematics

Abstract Diagnostic item-level student performance data from twenty years of
TIMSS and TIMSS Advanced assessments can be used to explore students’ level of
understanding of gravity and linear equations across grades four, eight, and the final
year of secondary school (TIMSS Advanced students). Sets of assessment items at
each grade level illustrate the nature and extent of student misconceptions, errors,
and misunderstandings across grade levels in five countries (Italy, Norway,
the Russian Federation, Slovenia, and the United States). The results include
assessment of how students in each country performed on the set of items
measuring understanding of the physics and mathematics concepts explored in this
study (gravity and linear equations); common types of student misconceptions,
errors, and misconceptions across grade levels in each country; patterns in
misconceptions, errors, and misunderstandings across countries; and gender
differences in the frequency of misconceptions, errors, and misunderstandings in
each country. The frequency of specific types of student misconceptions, errors, and
misunderstandings at each grade level varied across the five countries. Gender
differences were found at all three grade levels, but were more extensive for physics
than mathematics. Trend items administered in multiple assessment years indicated
that the frequency of certain student misconceptions, errors, and misunderstandings
decreased over time, while the frequency of others increased.
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4.1 Introduction

The results for physics (Sect. 4.2) and mathematics (Sect. 4.3) start with an over-
view of the set of TIMSS and TIMSS Advanced items that measure student
understanding of the key concepts that are the focus of this study (gravity in physics
and linear equations in mathematics). The overview also describes the performance
objectives that are assessed by the items across grade levels and the types of student
misconceptions, errors, and misunderstandings demonstrated on these items.1

Following the overview, physics and mathematics results are presented in six
subsections that report student performance on the TIMSS and TIMSS Advanced
items by grade level, country, gender, and assessment year (see textbox).

We present released example items from TIMSS and TIMSS Advanced to
demonstrate specific types of student misconceptions, errors, and misunderstand-
ings along with tabular data showing the percentage of students for each response

1See Sect. 1.2 for definitions of the terminology used throughout the report (performance objec-
tives, misconceptions, errors, and misunderstandings) and how these relate to the physics and
mathematics items.
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type by country and on average across the five countries. All example items shown
in the report are the standard international version.2

In addition to example items, the results include tables and figures that show
patterns in the percentage of students demonstrating specific misconceptions, errors,
and misunderstandings across countries and grades based on the set of items that
measure them.3 Tree graphs show the female–male difference across countries at
each grade level.4 At grade four and grade eight, separate trend graphs for each
country show the percentage of students with misconceptions, misunderstandings,
and errors over multiple assessment years.5

With the exception of the trend item results, all data reflect the most recent
assessment in which each item was administered from 1995 to 2015, which for
examples items, is the year the item was released (supplementary materials pro-
viding standard errors for all estimates are available for download at www.iea.nl/
publications/RfEVol9).

4.2 Physics Results

We selected a set of 16 physics items from the TIMSS and TIMSS Advanced
assessments from 1995 to 2015 that measure student understandings and miscon-
ceptions related to gravitational force. This item set includes four items from TIMSS
Advanced, seven TIMSS items at grade eight, and six TIMSS items at grade four.
We identified four performance objectives (POs) measured by these items, each with
a specific set of related misconceptions and misunderstandings (Table 4.1).

Weprovidehere a list of the full set ofTIMSSandTIMSSAdvanced items related to
gravity (Table 4.2) organized by performance objective and grade level. This list
shows the assessment year(s) when each item was administered, the item format (MC
or CR), a brief item description, the figures where the items are shown in the report
(released items only), and the specific type(s) of student misconceptions and

2Each country translates the international version of the TIMSS and TIMSS Advanced assessment
items into their language(s) of instruction, and these translated national versions are verified by the
IEA.
3As noted previously, results are based on both released and non-released items that measure the
specific types of misconceptions, misunderstandings, and errors. Example items presented in the
report are all restricted-use items (from 2015) and released items (from previous assessments). For
trend items administered in multiple assessments, the data shown in the tables and figures in this
section reflect the most recent assessment year (shown in Tables 4.2 and 4.22).
4Gender differences on TIMSS Advanced items are based on the sample of students who took the
TIMSS Advanced assessment. As described in Chap. 3, the TIMSS Advanced population reflects a
select group of students in each country, and the percentage of female and male students taking
more advanced courses may differ from the percentages in the full population of students in their
final year of secondary school (see Tables 3.4 and 3.5).
5Trend graphs are included only for grades four and eight, as there were no TIMSS Advanced
trend items available that measured the specific physics and mathematics concepts under study.
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Table 4.1 Physics performance objectives related to gravity with related misconceptions and
misunderstandings, by grade level

Performance objective Related misconceptions and/or
misunderstandings

Grade level

TA G8 G4

PO1: Determine the acceleration of
thrown objects (after they are
released)

Gravitational force (acceleration)
acting on objects near Earth’s surface
is not constant but changes with the
height of the object above the surface.
(P1A)

✓

Objects thrown upward have no
acceleration at their maximum height
where the instantaneous velocity is
zero (the instant it stops moving
upward and reverses direction). (P1B)

✓

Gravitational acceleration is always in
the direction of motion/velocity (rather
than a constant acceleration directed
toward the center of Earth). (P1C)

✓

PO2: Determine the time duration
between different points on the path
of a thrown object

The time on the way up and the time
on the way down are not equal (the
downward acceleration due to gravity
is not treated as constant). (P2)

✓

PO3: Determine the effect of
gravitational force on moving
objects or on objects at rest

Gravity acts only on falling objects,
but not on objects at rest (on the
ground or sitting on another surface)
or on objects that are moving upward.
(P3A)

✓ ✓

Gravity alone cannot cause an object
initially at rest to start moving; it
requires another force/push. (P3B)

✓ ✓

PO4: Identify the direction of the
force due to gravity

Gravitational force causes objects to
fall “down” (in an “absolute
downward” direction in space) rather
than toward the center of Earth. (P4A)

✓

Gravity pushes upward on objects
sitting on a solid surface and on
objects that are moving upward. (P4B)

✓

Gravity can move objects in other
directions that are not “down” toward
the surface of Earth. (P4C)

✓

Notes There are four physics performance objectives (PO1 to PO4). The related misconceptions
and misunderstandings are coded (e.g., P1A, P1B, P2, etc.). The first two identifier codes refer to
the corresponding physics objective number (e.g., P1, P2, etc.). When there is more than one
misconception or misunderstanding related to the performance objective, a third identifier was
added (i.e., A, B, C). Grade levels: TA = TIMSS Advanced, G8 = grade 8, G4 = grade 4
✓ Indicates that the misconception or misunderstanding was measured by one or more items at
that grade level
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misunderstandings measured by each item. All physics results reported in this section
are based on student performance on this set of items. (See Appendix Table A.1 for
additional information on the physics items used in this study, including the specific
response options or score categories used to determine the percentage of students
demonstrating each type of misconception or misunderstanding.)

4.2.1 Student Performance on TIMSS and TIMSS
Advanced Items Related to Gravity

The performance of students on the set of gravity items at each grade level covered a
broad range both within and across countries (Figs. 4.1, 4.2, and 4.3), with some
difficult items (<30% of students were correct) and some easier items (>70% of
students were correct).6 Average item performance across the five countries for
TIMSS Advanced ranged from 25 to 54% correct, compared with a range of 36–79%
correct at grade eight and 31–78% correct at grade four. Based on the average
performance, the range of item percent correct was lower in TIMSS Advanced (25–
42% correct) than at grade eight (36–79% correct) or grade four (31–78% correct).
Across the set of gravity items at each grade level, at least half of students provided a
correct response on five out of seven grade eight items and three out of six grade four
items, compared to only one out of the four TIMSS Advanced items. However, there
were notable differences in performance patterns observed across the five countries.

Across the four TIMSS Advanced items (Fig. 4.1), the broadest range of item
performance was in Slovenia (from 16 to 72% correct) and the United States (from
15 to 64% correct). In contrast, item-level performance ranged from 23 to 49%
correct in the Russian Federation and, in Norway, was clustered between 46 and
63% correct. Performance was lowest in Italy, with the item percent correct ranging
from 9 to 31%, and generally higher in Norway when considering the full set of
items. The most difficult item in all countries was item 2 (“acceleration of a
bouncing ball”), a CR item under performance objective 1 (“determine the accel-
eration due to gravity of thrown objects (after they are thrown)”).7 In comparison,
item 1B (“motion of a ball thrown upward–time between two points”), a CR item
from performance objective 2 (“determine the time duration between different
points on the path of a thrown object”), was the easiest item for all countries except
Italy, with at least 60% of students correct in Norway (63%), the United States
(64%), and Slovenia (72%).

6The data (Figs. 4.1, 4.2, and 4.3) reflect the most recent assessment in which each item was
administered from 1995 to 2015 (see Table 4.2 for the most recent assessment for each item).
Changes in performance between assessment cycles for trend items are reported later (Figs. 4.23
and 4.24).
7Item 2 is a released item from the 1995 assessment. Comparable data are not available from Italy.
Thus, this item is only included for the other four countries (Norway, the Russian Federation,
Slovenia, and the United States).
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Country Percent correct (%) Physics performance 
objec ve /item s 

Italya
PO1 - 1A

PO2 - 1B

PO3 - 3

Norway

PO1 - 2, 1A

PO2 - 1B

PO3 - 3

Russian 
Federa on

PO1 - 2, 1A

PO2 - 1B

PO3 - 3

Slovenia

PO1 - 2, 1A

PO2 - 1B

PO3 - 3

United 
States b

PO1 - 2, 1A

PO2 - 1B

─

Average 
of countries

PO1 - 2, 1A

9 

20 

31 

56 46 

63 

53 

45 23 

49 

42

48 16

72 

63 

51 15

64 

42 25 

PO2 - 1B

PO3 - 3

54 

47 

0 20 40 60 80 100

Percent

Fig. 4.1 Student performance on TIMSS Advanced physics items, by country and performance
objective, 1995, 2008, and 2015. Notes Percent correct is the percentage of students receiving
credit on each item. For MC and short CR items (each worth one score point), this reflects the
percentage of students who provided a correct answer. For extended CR items, this reflects the
weighted percentage of students receiving full credit (2 points) or partial credit (1 point). The
percentages are for the most recent cycle each item was administered. Data for items 1A and 1B
are from 2015; data for item 3 are from 2008, and data for item 2 are from 1995. Physics
performance objectives (PO): PO1 = determine the acceleration of thrown objects (after they are
released), PO2 = determine the time duration between different points on the path of a thrown
object, PO3 = determine the effect of gravitational force on moving objects or on objects at rest.
aData not available for item 2 (see Appendix for country-specific notes). bData not available for
item 3 (see Appendix for country-specific notes)
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At grade eight (Fig. 4.2), a broad range of item performance was found in all
five countries and especially in Norway (from 32 to 85% correct). Three MC items,
namely items 4, 5, and 6 from performance objective 3 (“determine the effect of
gravitational force on moving objects or on objects at rest”), were among the most
difficult items in all countries. In particular, performance on item 4 (“gravity acting
on a parachute jumper”) ranged from 26% correct in Italy to 30–40% correct in
Norway, the Russian Federation, and the United States, to 47% correct in Slovenia.
In comparison, the easiest item was item 12 (“direction gravity makes a ball fall at
different places on Earth”) from performance objective 4 (“identify the direction of
the force due to gravity”), with at least 70% correct in all five countries, and more
than 80% correct in Norway, the Russian Federation, and Slovenia.

Country Percent correct (%) Physics performance 
objec ve / items

Italya
PO3 - 5, 4, 7, 9, 8

PO4 - 12

Norwayb
PO3 - 4, 7, 6, 9, 8

PO4 - 12

Russian 
Federa on

PO3 - 4, 6, 5, 7, 9, 8

PO4 - 12

Sloveniab
PO3 - 4, 6, 9, 7, 8

PO4 - 12

United 
States 

PO3 - 4, 5, 6, 8, 7, 9

PO4 - 12

Average 
of countries

PO3 - 4, 5, 6, 7, 9, 8

PO4 - 12

71 

26 25 54 6158

32 4945 69 68 

38 46 44 67 75 74 

83 

47 53 74 7973

83 

37 46 64 73 72 78 

75 

36 39 53 63 7170

79 

Percent
0 20 40 60 80 100

85

Fig. 4.2 Student performance on TIMSS grade eight physics items, by country and performance
objective, 1995, 1999, 2003, 2011, and 2015. Notes Percent correct is the percentage of students
receiving credit on each item. For MC and short CR items (each worth one score point), this reflects the
percentage of students who provided a correct answer. For extended CR items, this reflects the weighted
percentage of students receiving full credit (2 points) or partial credit (1 point). The percentages are for
the most recent cycle each item was administered. Data for items 7 and 9 are from 2015; data for item 4
are from 2011; data for items 8 and 12 are from 2003; data for item 5 are from 1999; and data for item 6
are from 1995. Physics performance objectives (PO): PO3 = determine the effect of gravitational force
on moving objects or on objects at rest, PO4 = identify the direction of the force due to gravity. aData
not available for item 6 (see Appendix for country-specific notes). bData not available for item 5 (see
Appendix for country-specific notes)
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The broadest range of item performance was found at grade four (Fig. 4.3) in
Italy, the Russian Federation, and Slovenia, compared to Norway (where the range
was greatest at grade eight) and the United States (where the range was more similar
across the three grade levels). In particular, item performance in Slovenia ranged
from 16 to 88% correct (a spread of 72 percentage points at grade four). Item 11
from performance objective 3 (“determine the effect of gravitational force on
moving objects or on objects at rest”) and items 14 and 16 from performance
objective 4 (“identify the direction of the force due to gravity”), were among the
most difficult items in all countries, although the specific pattern of performance
varied. The CR item 11 (“force causing a marble to roll down a sloping track”)
ranged from <20% correct in Italy (15%) and Slovenia (16%), to 29% correct in
Norway, to � 40% correct in the Russian Federation (53%) and the United States

Country Percent correct (%) Physics performance 
objec ve / items

Italy 
PO3 - 11, 10

PO4 - 14, 16, 15, 13

Norway 
PO3 - 11, 10

PO4 - 16, 14, 15, 13

Russian 
Federa on

PO3 - 11, 10

PO4 - 16, 14, 15, 13

Slovenia
PO3 - 11, 10

PO4 - 16, 14, 15, 13

United 
States 

PO3 - 11, 10

PO4 - 16, 15, 14, 13

Average 
of 

countries

PO3 - 11, 10

PO4 - 16, 14, 15, 13

72 38 53 39 

61 15 

66 29 

63 32 40 27 

6253

95 61 67 37 

5716

88 40 33 26 

82 40 

72 68 61 45 

66 31 

7848 51 35 

0 20 40 60 80 100
Percent

Fig. 4.3 Student performance on TIMSS grade four physics items, by country and performance
objective, 2003, 2007, 2011, and 2015. Notes Percent correct is the percentage of students receiving
credit on each item. For MC and short CR items (each worth one score point), this reflects the
percentage of students who provided a correct answer. For extended CR items, this reflects the weighted
percentage of students receiving full credit (2 points) or partial credit (1 point). The percentages are for
the most recent cycle each item was administered. Data for items 11, 13, and 14 are from 2015; data for
item 10 are from 2011; data for item 15 are from 2007; and data for item 16 are from 2003. Physics
performance objectives (PO): PO3 = determine the effect of gravitational force on moving objects or on
objects at rest, PO4 = identify the direction of the force due to gravity
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(40%). Performance on the MC item 14 (“direction of movement due to gravity”)
ranged from 32% correct in Norway to 68% correct in the United States, and
performance on MC item 16 (“force that makes objects repel each other”) ranged
from 26% correct in Slovenia to 45% correct in the United States. In comparison,
item 10 (“force causing an object to fall to the ground”) from performance objective
3 and item 13 (“direction of the force of Earth’s gravity”) from performance
objective 4 (both MC items) were amongst the easiest items across all countries,
with � 60% of students responding correctly to both items (except in Slovenia,
with 57% correct on item 10). Performance on item 10 was particularly high in the
United States (82% correct) and performance on item 13 was particularly high in
the Russian Federation (95% correct) and Slovenia (88% correct).

4.2.2 Common Types of Misconceptions
and Misunderstandings Related to Gravity Across
Countries

A key understanding is that the force due to Earth’s gravity acting on an object on
or near Earth’s surface is constant, resulting in a constant acceleration (approxi-
mately 10 m s−2) directed toward the center of Earth. By the end of secondary
school, students are expected to understand that the only forces acting on a thrown
object (after it is released) are the downward force due to gravity and air resistance
and that the observed motion (slowing, reaching a maximum height, and then
falling back down) is the result of the constant acceleration due to gravity at all
positions in the path of the object. The first example item (item 1: Fig. 4.4, and
Tables 4.3 and 4.4) requires students to apply Newton’s laws of motion to answer
two questions about the motion of a ball thrown vertically upward, and shows that
many TIMSS Advanced students had difficulty applying these concepts.

Part A is a MC item requiring students to identify the acceleration of the ball at its
highest position (the instant it stops moving upward and reverses direction). A correct
response to part A (option D) requires students to know that the acceleration due to
gravity is constant and applies equally to the ball at all positions. Across the five
countries included in the study, the percent correct ranged from 9% (Italy) to 56%
(Norway), with an international average of 42% correct. On average, nearly half of
students internationally (48%) indicated that the acceleration was zero (option A),
demonstrating the misconception that there is no acceleration since the instantaneous
velocity at that position is zero (rather than a constant acceleration due to gravity at all
positions). This misconception was less common in Norway (39%), but this still
reflects more than one-third of students.

Another 8% of students on average across countries incorrectly determined that
the magnitude of the acceleration due to gravity was different at point 3 (either half
or twice that at point 2), demonstrating the misconception that the force of gravity
changed with the height of the ball (options B and C). Students selecting these
options may be confusing gravitational force with gravitational potential energy
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(PEg = mgh), which increases with height (h), or incorrectly applying Newton’s
law of universal gravitation (Fg = Gm1m2/r

2), where gravitational force (Fg)
decreases with the distance squared (r2). Although this law can be applied to objects
that are far from Earth, the difference in force or acceleration due to a change in
height is negligible for objects near Earth’s surface, where the acceleration due to
gravity (g) is treated as a constant.

In part B, students were asked to determine the time duration between two points
on the path of the ball (halfway up and halfway down). A correct response to part B
requires students to indicate that the time traveled by the ball is the same on the way
up as it is on the way down, as shown in the scoring guide. This relationship can be
determined by applying Newton’s laws of motion to the situation where there is a
constant acceleration due to gravity (g), and TIMSS Advanced students are
expected to have covered this in their physics courses. A common misconception,
though, is that the time on the way down is shorter because the ball is accelerating
(speeding up) on the way down and decelerating (slowing down) on the way up

Item information  
Item ID:  
PA33061 (A and B)  

Year(s) administered: 
2015  

Performance objective: 
Part A. Determine the acceleration of thrown 
objects (after they are released)  

Part B. Determine the time duration between 
different points on the path of a thrown object 

Correct answer:  
Part A. D  

Scoring guide for Part B 
Correct response 
10 Indicated that times are equal 
Incorrect response 
79 Incorrect (including crossed out, erased, stray marks, illegible, or off task) 
Non response 
99 Blank 

Fig. 4.4 TIMSS Advanced physics item 1, 2015. Source TIMSS Advanced 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College
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(i.e., the downward acceleration due to gravity is not treated as constant). On
average, slightly more than half (54%) of TIMSS Advanced students answered part
B correctly. Most students in Norway (63%), Slovenia (72%), and the United States
(64%) provided a correct response. In comparison, about half of the TIMSS
Advanced students in the Russian Federation (49%) and about one-fifth in Italy
(20%) did so.

In the second TIMSS Advanced example item (item 2: Fig. 4.5 and Table 4.5),
students were asked to draw arrows on the figure of a bouncing ball that represent
the direction of acceleration of the ball at three positions above the floor (where the
only force acting on the ball is due to gravity). Approximately one-quarter of
TIMSS Advanced students (25% on average) correctly indicated that the acceler-
ation is directed downward in all three positions (code 10 in the scoring guide).8 On

Table 4.4 Student performance data for physics item 1B (PA33061B), 2015

Country Percentage of students (%)
Correct (10) 10 79 99

Italy 20 28 51
Norway 63 22 16
Russian Federation 49 25 26
Slovenia 72 21 6
United States 64 34 2
Average of countries

20
63
49
72
64
54 54 26 20

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries

Table 4.3 Student performance data for physics item 1A (PA33061A), 2015

Country Percentage of students (%)
Correct (D) A B C D Omitted

Italy 71 8 8 9 4
Norway 39 2 2 56 0
Russian Federation 48 3 4 45 1
Slovenia 44 3 4 48 1
United States 41 3 4 51 1
Average of countries

9
56
45
48
51
42 48 4 4 42 2 

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries

8Item 2 is a released TIMSS Advanced item from 1995. Data for Italy are not available; thus, the
international average is based on the other four countries (Norway, the Russian Federation,
Slovenia, and the United States).
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99 Blank 

Item information  
Item ID:  
PA13063  

Year(s) administered: 1995 

Performance objective: 
Determine the acceleration of thrown objects 
(after they are released) 

Scoring guide 
Correct response 
10 The acceleration is parallel to g, downwards arrows at P, Q, and R. (See following diagrams) 
Incorrect response 
70 The acceleration is parallel to g, downwards arrow at P, upwards at Q, and zero at R 
71 The acceleration is parallel to g, downwards arrow at P, upwards at Q, either upwards or 

downwards at R 
72 The acceleration has the same direction as the motion (at least P and Q). Any response at R 
73 The acceleration has the same direction as the motion at P, the opposite direction from the 

motion at Q. Any response at R 
74 The acceleration has the direction perpendicular to the motion (at least at P and Q) 
79 Other incorrect responses 
Non response 
90 Crossed-out/erased, illegible, or impossible to interpret 

The figure shows the trajectory of a ball bouncing on a floor, with negligible
air resistance.

Draw arrows on the figure showing the direction of the acceleration of the ball
at points P, Q and R.

Q
R

P

Fig. 4.5 TIMSS Advanced physics item 2, 1995. Source TIMSS Advanced 1995 Assessment.
Copyright © 1997 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College
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average, about one-quarter of students (27%) demonstrated the common miscon-
ception that the acceleration is in the same direction as the motion of the ball (along
the curved path at points P and Q) and that there is no acceleration when the ball is
at its maximum height (point R) (code 72 in the scoring guide). This misconception
was most common in the United States (38%) and least common in Norway (14%).
Another 12% internationally indicated that the acceleration of the ball is upward on
its way up (point Q) and downward on its way down (point P), with either an
upward or downward acceleration or no acceleration at point R (codes 70 and 71).
In addition, about 8% internationally indicated that the acceleration is perpendicular
to the direction of motion at points P and Q (code 74). This type of response reflects
a misunderstanding that the acceleration of the ball moving along a curved path is
caused by a centripetal force directed toward its center (like objects orbiting the
Earth). The frequency of this misconception ranged from 1% of students in the
United States to 17% of students in the Russian Federation. Another 24% of stu-
dents on average provided other types of incorrect responses (codes 73 and 79), and
about 4% left the item blank.

In the final TIMSS Advanced item (item 3: Fig. 4.6 and Table 4.6), about
three-quarters of students (75% on average across countries) identified gravity as a
force acting on a stone after it was thrown straight up in the air (codes 10 and 70 in
the scoring guide).9 The percentage of students who did not identify gravity ranged
from almost 3% in Slovenia10 to 42% in the Russian Federation. These percentages
include incorrect responses (codes 71 and 79), as well as students who left the item
blank.

Table 4.5 Student performance data for physics item 2 (PA13063), 1995

Country Percentage of students (%)
Correct (10) 10 70 71 72 73 74 79 99

Italy
Norway
Russian Federation
Slovenia
United States
Average of countries

─
46
23
16
15
25

─
46
23
16
15
25

─
6
3

13
13
9

─
7
2
2
2
3

─
14
29
29
38
27

─
4
6
9
4
6

─
7

17
8
1
8

─
14
15
17
27
18

─
2
5
7
0
4

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries

─Data not available for item 2 (see Appendix for country-specific notes)

9Item 3 is a released TIMSS Advanced item from 2008. The United States did not participate in the
2008 assessment; thus, the international average is based on the other four countries (Italy,
Norway, the Russian Federation, and Slovenia).
10This is based on the unrounded data (not shown in Table 4.6). Data to the nearest 0.01% are
available at www.iea.nl/publications/RfEVol9.
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By grade eight, students are expected to be able to determine the effect of
gravitational force acting on moving objects or on objects at rest. However, many
grade eight students demonstrated the misconception that the force of gravity acts
only on falling objects, not on objects that are at rest. This is shown in the first grade
eight TIMSS example item (item 4: Fig. 4.7 and Table 4.7), which asks students to
identify at which position(s) the force of gravity acts on a parachute jumper (in the

Item information  
Item ID:  
PA23014  

Year(s) administered: 
2008  

Performance objective: 
Determine the effect of gravitational force on 
moving objects or on objects at rest  

Scoring guide 
Correct response 
10 Gravity/weight and air resistance 

Incorrect response 
70 Gravity/weight mentioned, but not air resistance 
71 Air resistance mentioned, but not gravity/weight 
79 Other incorrect (including crossed out, erased, stray marks, illegible, or off task) 

Non response 
90 Crossed-out/erased, illegible, or impossible to interpret 
99 Blank 

Fig. 4.6 TIMSS Advanced physics item 3, 2008. Source TIMSS 2008 Assessment. Copyright ©
2010 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.6 Student performance data for physics item 3 (PA23014), 2008

Country Percentage of students (%)
Correct (10) 10 70 71 79 99

Italy
Norway
Russian Federation
Slovenia
United States
Average of countries

31
53
42
63
─

47

31
53
42
63
─

47

36
25
16
34
─

28

0
0
1
0
─
0

20
21
34
2
─

19

12
1
7
0
─
5

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries

─Data not available for item 3 (see Appendix for country-specific notes)
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aircraft prior to jumping, in freefall, falling with an open parachute, and on the
ground after landing). On average across countries, 36% of students correctly
identified that the force of gravity was acting on the jumper at all four positions
(option D), while over half (57%) indicated that gravity acted only when the jumper
was falling (specifically, 45% falling with the parachute open or closed (option B)
and 12% in freefall only (option A)). This misconception was common across all
five countries, although somewhat less frequent in Slovenia (46%) and more fre-
quent in Italy (68%). The same type of common misconception was demonstrated

Item information  
Item ID:  
S032141  

Year(s) administered: 2011, 2007, and 2003 

Performance objective: 
Determine the effect of gravitational force on 
moving objects or on objects at rest 

Correct answer:  
D  

Fig. 4.7 TIMSS grade eight physics item 4, 2011. Source TIMSS 2011 Assessment. Copyright ©
2013 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.7 Student performance data for physics item 4 (S032141), 2011

Country Percentage of students (%)
Correct (D) A B C D Omitted

Italy 17 51 5 26 1
Norway 11 47 7 32 2 
Russian Federation 16 41 4 38 1
Slovenia 8 38 7 47 0
United States 8 48 6 37 1
Average of countries

26
32
38
47
37
36 12 45 6 36 1 

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries
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across countries on two other TIMSS grade eight items involving the application of
the same concept in different contexts11: a rocket being launched from Earth (item
5); and an apple falling from a tree (item 6). In the context of a rocket launch (item
5), about one-third of grade eight students on average (36%)12 indicated that gravity
acts on the rocket only when it is falling back to Earth and not when it is sitting on
the launch pad or moving upward after being launched. In the context of an apple
falling from a tree (item 6), 40% of students on average13 indicated that gravity acts
on the apple only while it is falling or still hanging from the tree, and not once it
lands on the ground.

The second grade eight example (item 7: Fig. 4.8 and Table 4.8) also showed
that many students had a lack of understanding about gravity acting on objects at
rest. The item asked students to identify the forces acting on two people sitting on a
wall. A complete response (code 10 in the scoring guide) must identify two bal-
anced forces: the downward force due to gravity and the upward force from the
wall. On average across the five countries, 63% of students received credit for
providing a response that includes gravity and/or the upward force from the wall
(codes 10, 11, 12, and 19 in the scoring guide), but only 9% referred correctly to
both forces (codes 10 and 11). A complete response was most common in Slovenia
(26% of students). On average across countries, about half (51%) of students
included only one force, with most of these responses referring to gravity alone.
The percentage of students who did not identify gravity (codes 70, 71, 79, and 99)
ranged from about a quarter of students in Slovenia (27%) and the United States
(26%), to more than half of students in Norway (55%). Some students indicated that
there were no forces acting on the people, and others referred to gravity pushing
up. These findings at grade eight are similar to results from a previous study of the
misconceptions of students in elementary school (Darling 2012). In that study,
many students thought that there were no forces acting on a book sitting at rest on a
desk.

In the next grade eight example (item 8: Fig. 4.9 and Table 4.9), students were
asked to identify the best explanation for why a helium balloon moves upward
when it is released. While most students (71% on average across countries)
responded correctly that the density of helium is less than the density of air (option
A), the most common incorrect response in all countries except Slovenia was that
there is no gravity acting on helium balloons (option C), chosen by 14% of students
on average across countries.

11These two items are not shown as exhibits in the report, but both are released items available
from the IEA website (see www.iea.nl).
12Item 5 is a released TIMSS item from 1999. Norway did not participate in the 1999 assessment,
and comparable data are not available for Slovenia. Thus, the international average is based on the
other three countries (Italy, the Russian Federation, and the United States).
13Item 6 is a released TIMSS item from the 1995 assessment. Comparable data are not available
for Italy. Thus, the international average is based on the other four countries (Norway, the Russian
Federation, Slovenia, and the United States).
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Item information  
Item ID:  
S042211  

Year(s) administered: 
2015, 2011, 2007 

Performance objective: 
Determine the effect of gravitational force on 
moving objects or on objects at rest 

Scoring guide 
Correct response 
10 Yes and refers to the following two forces on the children: gravity (down) AND the wall 

(up) 
11 Yes and refers to these two forces on the wall: (children's) weight (down) AND the 

wall/ground (up) 
12 Yes and refers to one force: gravity (down) OR wall/ground (up) OR weight (down) 
19 Other correct 
Incorrect response 
70 Yes with an explanation that only includes friction 
71 No with or without explanation 
79 Other incorrect (including crossed out, erased, stray marks, illegible, or off task) 
Non response  
99 Blank 

Fig. 4.8 TIMSS grade eight physics item 7, 2015. Source TIMSS 2015 Assessment. Copyright ©
2017 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.8 Student performance data for physics item 7 (S042211), 2015

Country Percentage of students (%) 
Correct (10-19) 10 11 12 19 70 71 79 99

Italy 4 1 5
Norway 5 0 9
Russian Federation 2 1 2
Slovenia 0 0 0
United States 2 1 1
Average of countries

54
45
67
74
73
63

2
0
7

26
6
8

0
0
0
3
1
1

48
40
57
45
64
51 2 0

15
12
9
0

15
10

25
34
21
25
11
23 3

Notes Detail may not sum to totals due to rounding. Although the table displays rounded data, the calculations 
of the combined correct responses are based on unrounded data

Significantly higher than the average of countries
Significantly lower than the average of countries
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Another grade eight item (item 9: Fig. 4.10 and Table 4.10) asked students to
identify the force that causes a ball thrown upward to fall from its highest point.
Gravity causing objects to fall is an expectation even at the grade four level, and
most grade eight students (70% on average) correctly identified gravity (code 10 in
the scoring guide). However, some grade eight students may have difficulty with the
concept that it is gravity alone acting on the ball after it is thrown upward that
makes it reverse direction and start falling back down. On average, 30% of grade
eight students provided an incorrect response or left the item blank.

In the final grade eight example (item 12: Fig. 4.11 and Table 4.11), students
were asked to identify the direction gravity makes a ball fall at three different places
on Earth. While 79% of students on average across countries correctly determined
that the ball would fall toward the surface of Earth at all three locations (option D),
some students (14% on average) determined that the ball would always fall “down”
relative to the bottom of the page rather than toward Earth’s surface (option A).

Item information  
Item ID:  
S032281  

Year(s) administered:   
2003  

Performance objective: 
Determine the effect of gravitational force on 
moving objects or on objects at rest 

Correct answer:  
A  

Fig. 4.9 TIMSS grade eight physics item 8, 2003. Source TIMSS 2003 Assessment. Copyright ©
2005 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.9 Student performance data for physics item 8 (S032281), 2003

Country Percentage of students (%)
Correct (A) A B C D Invalid Omitted

Italy 61 12 19 4 1 3
Norway 69 10 16 3 1 1
Russian Federation 75 7 14 2 1 1
Slovenia 79 11 6 3 0 0
United States 72 12 13 2 0 1
Average of countries

61
69
75
79
72
71 71 10 14 3 0 1

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries
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Another 6% of students selected option B or C, both indicating that the ball falls
“down” from the position at the “bottom” of the Earth. This indicates a lack of
understanding demonstrated by some grade eight students about the direction of
gravitational force that is expected by grade four (that gravity pulls objects toward
Earth). These results are similar to those from an earlier international study (Sneider
and Pulos 1983), which reported that about one-fifth of 13 to 14-year-old students
(from middle schools in California, USA, and Jerusalem, Israel) demonstrated the

Item information  
Item ID:  
S042293A  

Year(s) administered: 
2015, 2011, 2007 

Performance objective: 
Determine the effect of gravitational force on 
moving objects or on objects at rest 

Scoring guide 
Correct response 
10 Gravity (gravitational pull, gravitational force) 
Incorrect response 
79 Incorrect (including crossed out, erased, stray marks, illegible, or off task) 
Non response 
99 Blank 

Fig. 4.10 TIMSS grade eight physics item 9, 2015. Source TIMSS 2015 Assessment. Copyright
© 2017 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.10 Student performance data for physics item 9 (S042293A), 2015

Country Percentage of students (%)
Correct (10) 10 79 99

Italy
Norway
Russian Federation
Slovenia
United States
Average of countries

58
68
74
73
78
70

58
68
74
73
78
70

15
14
6

22
21
15

28
18
20
6
1

15
Notes Detail may not sum to totals due to rounding

Significantly higher than the average of countries
Significantly lower than the average of countries
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misconception that objects fall toward an “absolute down” in space. According to
the Sneider and Pulos study, while most students knew that objects fall toward the
ground (surface of Earth), only about half understood that this is because the force
of gravity is directed toward the center of Earth.

 Item information  
Item ID:  
S032714  

Year(s) administered:   
2003  

Performance objective: 
Identify the direction of the force due to gravity

Correct answer:  
D 

Fig. 4.11 TIMSS grade eight physics item 12, 2003. Source TIMSS 2003 Assessment. Copyright
© 2005 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.11 Student performance data for physics item 12 (S032714), 2003

Country Percentage of students (%)
Correct (D) A B C D Invalid Omitted

Italy 5 3 71 0 2
Norway 2 4 85 1 0
Russian Federation 1 2 83 1 1
Slovenia 2 1 83 0 2
United States 4 3 75 0 0
Average of countries

71
85
83
83
75
79

19
8

13
11
17
14 3 3 79 0 1

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries
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At grade four, students are assessed on their knowledge that gravity is the force
that draws objects to Earth. In the first TIMSS grade four example item (item 10:
Fig. 4.12 and Table 4.12), about two-thirds of students (66% on average) correctly
chose gravity as the force that causes an object to fall (from among a list of given
forces). However, some students (15% on average across countries) indicated that it
is a push from the hand that causes the object to fall (option D). The percentage of
students demonstrating this misconception ranged from 7% in the United States, to
24% in Italy.

In the second grade four example (item 11: Fig. 4.13 and Table 4.13), students
were shown an image of a marble placed at the top of a sloping track and asked to
name the force that causes the marble to roll down the track. Less than one-third of
students on average across countries (31%) correctly named gravity as the force that
moves the marble (code 10 in the scoring guide), with performance lowest in Italy
(15% correct) and Slovenia (16% correct) and highest in the Russian Federation
(53% correct). About half of students (53% on average) provided an incorrect

Item information  
Item ID:  
S031311  

Year(s) administered: 
2011, 2007, 2003 

Performance objective: 
Determine the effect of gravitational force on 
moving objects or on objects at rest 

Correct answer:  
B  

Fig. 4.12 TIMSS grade four physics item 10, 2011. Source TIMSS 2011 Assessment. Copyright
© 2013 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.12 Student performance data for physics item 10 (S031311), 2011

Country Percentage of students (%)
Correct (B) A B C D Omitted

Italy 7 61 5 24 3
Norway 11 66 7 12 4
Russian Federation 7 62 10 19 2
Slovenia 17 57 10 14 2
United States 3 82 6 7 2
Average of countries

61
66
62
57
82
66 9 66 8 15 3

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries
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response (code 79), with many students attributing the motion of the marble to
another force, such as the wind or a push from the hand, and another 16% left the
item blank.

Performance on the next grade four example (item 13: Fig. 4.14 and Table 4.14)
showed that while most students (78% on average across countries) correctly
indicated that the force of Earth’s gravity acting on a block sitting on a table is in
the downward direction (option C), some students (13% on average) demonstrated
the misconception that the direction of the force of Earth’s gravity is upward (away
from the table top; option A). This misconception was most frequent in Norway

Item information  
Item ID:  
S051147  

Year(s) administered: 
2015, 2011 

Performance objective: 
Determine the effect of gravitational force on 
moving objects or on objects at rest

Scoring guide 
Correct response 
10 Gravity (explicitly or implicitly) 
Incorrect response 
79 Incorrect (including crossed out, erased, stray marks, illegible, or off task) 
Non response 
99 Blank 

Fig. 4.13 TIMSS grade four physics item 11, 2015. Source TIMSS 2015 Assessment. Copyright
© 2017 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.13 Student performance data for physics item 11 (S051147), 2015

Country Percentage of students (%)
Correct (10) 10 79 99

Italy
Norway
Russian Federation
Slovenia
United States
Average of countries

15
29
53
16
40
31

15
29
53
16
40
31

56
51
38
65
55
53

29
20
9

19
5

16
Notes Detail may not sum to totals due to rounding

Significantly higher than the average of countries
Significantly lower than the average of countries
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(24% of students) and least frequent in the Russian Federation (3%) and Slovenia
(4%). An even higher percentage of grade four students (21% on average) indicated
that a helium-filled balloon rising in the air is due to an upward push from gravity
(item 14, not shown).14 Both items 13 and 14 demonstrate that some grade four
students have the misconception that gravity pushes upward on objects sitting on a
solid surface or on objects that are moving upward.

The final two example items at grade four (items 15 and 16: Figs. 4.15 and 4.16)
show that some grade four students attributed movement in a direction other than
downward (e.g., horizontal movement) to the force of gravity. For item 15
(Fig. 4.15 and Table 4.15), about half of grade four students (51% on average

Item information  
Item ID:  
S041119  

Year(s) administered:
2015, 2011, 2007  

Performance objective:  
Identify the direction of the force due to gravity

Correct answer:  
C 

Fig. 4.14 TIMSS grade four physics item 13, 2015. Source TIMSS 2015 Assessment. Copyright
© 2017 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.14 Student performance data for physics item 13 (S041119), 2015

Country Percentage of students (%)
Correct (C) A B C D Omitted

Italy 18 4 72 3
Norway 24 6 63 3
Russian Federation 3 1 95 1
Slovenia 4 1 88 4
United States 18 3 72 5
Average of countries

72
63
95
88
72
78 13 3 78 3

3
4
0
3
3
3

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries

14Item 14 is a secure item from TIMSS 2015 and cannot be shown in the report.
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across countries) correctly identified “a boy falling from a tree to the ground”
(option D) as an example of an object moving because of the force of gravity.
However, many students selected responses where an object moves in a direction
other than downward (options A, B, and C). The percentage correct on this item
ranged from 30–40% in Norway and Slovenia, to 53% in Italy, to >60% in the
Russian Federation and the United States. The most common incorrect response in
all countries was “a girl hitting a ball with a bat” (option A), which was selected by
21% of students on average. Similarly, for item 14,15 27% of students on average
indicated that horizontal movement of objects was due to gravity.

Item information  
Item ID:  
S041308  

Year(s) administered:   
2007  

Performance objective:  
Identify the direction of the force due to gravity

Correct answer: 
D 

Fig. 4.15 TIMSS grade four physics item 15, 2007. Source TIMSS 2007 Assessment. Copyright
© 2009 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.15 Student performance data for physics item 15 (S041308), 2007

Country Percentage of students (%)
Correct (D) A B C D Omitted

Italy 24 10 9 53
Norway 29 17 9 40
Russian Federation 11 11 7 67
Slovenia 21 22 18 33
United States 20 11 6 61
Average of countries

53
40
67
33
61
51 21 14 10 51

4
5
4
5
2
4

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries

15Item 14 is a secure item from TIMSS 2015 and cannot be shown in the report.
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In item 16 (Fig. 4.16 and Table 4.16), many grade four students (43% on average)
indicated that gravity can make objects “repel” (or move away from) each other
(options A andC). Themisconceptionwas common in all five countries, ranging from
37% in the Russian Federation and 38% in Slovenia, to about 44% in Italy and the
United States, to 54% of students in Norway. This demonstrates a lack of under-
standing at grade four that gravity is an attractive force that pulls objects toward Earth.

4.2.3 Patterns in Misconceptions and Misunderstandings
Related to Gravity Across Grade Levels and Countries

Student performance data on the individual assessment items described in Sect. 4.2.2 were
combined to explore patterns in the percentage of students demonstrating specific mis-
conceptions, errors, and misunderstandings in each country based on the set of items that
measure each type of misconception at each grade level (Figs. 4.17, 4.18, and 4.19).16

Table 4.16 Student performance data for physics item 16 (S031313), 2003

Country Percentage of students (%) 
Correct (B) A B C D Invalid Omitted

Italy 21 39 23
Norway 31 27 23
Russian Federation 21 37 16
Slovenia 15 26 23
United States 13 45 31
Average of countries

39
27
37
26
45
35 20 35 23

11
10
19
31
8

16

1
1
1
1
0
1

5
8
6
5
3
5

Notes Detail may not sum to totals due to rounding
Significantly higher than the average of countries
Significantly lower than the average of countries

Item information  
Item ID:  
S031313  

Year(s) administered: 
2003 

Performance objective: 
Identify the direction of the force due to gravity

Correct answer:  
B  

Fig. 4.16 TIMSS grade four physics item 16, 2003. Source TIMSS 2003 Assessment. Copyright
© 2005 International Association for the Evaluation of Educational Achievement (IEA). TIMSS &
PIRLS International Study Center, Lynch School of Education, Boston College

16The data shown in Figs. 4.17, 4.18, and 4.19 reflect the most recent assessment year, which
differs across the set of items at each grade level (from 1995 to 2015). Table 4.2 shows the most
recent assessment year for each item.
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Fig. 4.17 Percentage of TIMSS Advanced students with misconceptions and misunderstandings
about gravity, by country, 1995, 2008, and 2015. Notes Item 1A contributes to two misconceptions
depending on the response options considered. For this item misconception P1A includes students
who selected either option B or C, while misconception P1B includes students who selected option
A. The percentages are for the most recent cycle each item was administered. Data for items 1A
and 1B are from 2015; data for item 3 are from 2008, and data for item 2 are from 1995.
*Significantly different from average of countries. – Data not available (see Appendix for
country-specific notes)
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All three of the TIMSS Advanced items were related to the motion of objects
thrown upward or bouncing after being thrown. Both item 1A_V1 (“motion of a
ball thrown upward—acceleration at highest point,” Fig. 4.4) and item 2 (“accel-
eration of a bouncing ball,” Fig. 4.5) measure performance objective 1: “determine
the acceleration of thrown objects (after they are released).” Based on the frequency
of specific response types (Fig. 4.17), many students in all five countries demon-
strated the related misconceptions that “objects thrown upward have no acceleration
at their maximum height where the instantaneous velocity is zero” (P1B) and that
“gravitational acceleration is always in the direction of motion/velocity” (P1C). The
other misconception measured by item 1A (V2, options B and C) was “gravitational
force (acceleration) acting on objects near Earth’s surface is not constant but
changes with the height of the objects above the surface” (P1A). This was far less
common, as many more students selected option A (acceleration is zero when the
ball is at its maximum height). Across items, the percentage of students
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Fig. 4.17 (continued)
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Fig. 4.18 Percentage of grade eight students with misconceptions and misunderstandings about
gravity, by country, 1995, 1999, 2003, 2011, and 2015. Notes The percentages are for the most
recent cycle each item was administered. Data for items 7 and 9 are from 2015; data for item 4 are
from 2011; data for items 8 and 12 are from 2003; data for item 5 are from 1999; and data for item
6 are from 1995. *Significantly different from average of countries. – Data not available (see
Appendix for country-specific notes)
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Fig. 4.19 Percentage of grade four students with misconceptions and misunderstandings about
gravity, by country, 2003, 2007, 2011, and 2015. Notes Item 14 contributes to two misconceptions
depending on the response options considered. For this item misconception P4B includes students
who selected option C, while misconception P4C includes students who selected either option B or
D. The percentages are for the most recent cycle each item was administered. Data for items 11, 13
and 14 are from 2015; data for item 10 are from 2011; data for item 15 are from 2007; and data for
item 16 are from 2003. *Significantly different from the average of countries
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demonstrating these types of misconceptions was higher in Italy and lower in
Norway than the average across countries.

Performance objective 2 (“determine the time duration between different points
on the path of a thrown object”) was measured by item 1B (“motion of a ball
thrown upward—time between two points”), and the misconception demonstrated
(P2) was quite common in all countries. Item 3 (“forces acting on a stone thrown
upward,” Fig. 4.6) measures performance objective 3: “determine the effect of
gravitational force on moving objects or on objects at rest.” An incorrect response
to this item illustrated a lack of understanding of how the force of gravity acts on
objects when they are moving upward, which is related to misconception P3A. This
misconception was more common than average in Italy and the Russian Federation
and was very infrequent in Slovenia (3% of students). TIMSS Advanced students
not identifying gravity in this item may have misconceptions commonly found at
the lower grade levels that gravity does not act on objects while they are at rest or
moving upward (see Figs. 4.18 and 4.19 for misconceptions about the effect of
gravitational force in grade eight and grade four).

Considering the set of TIMSS Advanced items, we noted that the prevalence of
specific types of misconceptions differed across countries. In Italy, Norway, and the
Russian Federation, misconceptions P1B and P2 were more common, while in the
United States, misconception P1C was most common; in Slovenia, misconceptions
P1B and P1C were equally common.

The misconceptions held by TIMSS Advanced students that acceleration due to
gravity is not constant can arise from related misconceptions about the force of
gravity in earlier years. At grade eight (Fig. 4.18), six items measured performance
objective 3: “determine the effect of gravitational force on moving objects or on
objects at rest.” Five of these items, namely item 4 (Fig. 4.7), item 5 (not shown),
item 6 (not shown), item 7 (Fig. 4.8), and item 8 (Fig. 4.9), measured the mis-
conception that “gravity acts only on falling objects, but not on objects at rest or on
objects that are moving upward” (P3A). This misconception was very common
across countries and, in particular, on item 4 (“gravity acting on a parachute
jumper”), where >50% of all students demonstrated the misconception in every
country except Slovenia (where this was 46%). The same misconception was
measured in the similar item 5 (“gravity acting on a rocket being launched from
Earth”) and item 6 (“gravity acting on an apple falling from a tree”). Although the
misconception did not appear to be as frequent on these two other items, it was still
quite common in all countries, ranging from 31 to 45% on item 5 and from 28 to
48% on item 6. The misconception was also somewhat less common in item 7
(“forces acting on people sitting on a wall”), ranging from 26 to 55% of students.
Only 6 to 19% of students demonstrated the misconception that “gravity does not
act on objects that are moving upward” (P3A) in item 8 (“why helium balloon
moves upward”). The different response patterns across these items in each country
may be related to students’ familiarity with the specific contexts. In general, the
frequency of misconception P3A at grade eight was less in Slovenia than on
average across countries, which was also the case for the TIMSS Advanced item 3,
which measured the same type of misconception (Fig. 4.17).
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Grade eight item 9 (“force causing a ball thrown upward to fall,” Fig. 4.10),
measured the misconception that “gravity alone cannot cause an object initially at
rest to start moving; it requires another force/push” (P3B). This misconception,
which was common at grade four (Fig. 4.19), was also demonstrated by many grade
eight students for this item (Fig. 4.18), with the frequency ranging from 22% of
students in the United States to 42% of students in Italy. On average, 30% of grade
eight students demonstrated this misconception. This is similar to the average
percentage of TIMSS Advanced students on item 3 (25%) (Fig. 4.17) who
demonstrated the related misconception P3A by not identifying gravity as a force
that acts on a stone after it is thrown straight up in the air. However, there was less
variation across countries in the percentage of grade eight students demonstrating
the misconception than in the percentage of TIMSS Advanced students.

The last grade eight item, item 12 (“direction gravity makes a ball fall at different
places on Earth,” Fig. 4.11), measured performance objective 4: “identify the
direction of the force due to gravity.” The misconception demonstrated on this item
that “gravitational force causes objects to fall down (in an absolute downward
direction in space) rather than toward the center of Earth” (P4A) was less common
than the other two types of misconceptions demonstrated by students at grade eight.
Misconceptions or misunderstandings related to the direction of the force of gravity,
however, were quite common at grade four (Fig. 4.19).

At grade four, two items (10 and 11) measure performance objective 3: “de-
termine the effect of gravitational force on moving objects or on objects at rest.” In
both items, incorrect responses demonstrated the misconception that “gravity alone
cannot cause an object initially at rest to start moving; it requires another force/
push” (P3B), but the frequency of the misconception is quite different on the two
items. The misconception was demonstrated by 15% of students on average on MC
item 10 (“force causing an object to fall to the ground,” Fig. 4.12), compared to
69% on average on CR item 11 (“force causing a marble to roll down a sloping
track,” Fig. 4.13). This illustrates that while most students at grade four demon-
strated basic knowledge about the role of gravity in falling objects (item 10), many
could not apply this in a less familiar context by connecting gravity to the motion of
an object rolling down a sloped surface (item 11).

The remaining grade four items measure performance objective 4: “identify the
direction of the force due to gravity.” Item 13 (“direction of the force of Earth’s
gravity,” Fig. 4.14) and item 14_V1 (“direction of movement due to gravity,” not
shown) measure the misconception that “gravity pushes upward on objects sitting
on a solid surface and on objects that are moving upward” (P4B). This miscon-
ception was most common in Norway and Italy, and least common in the Russian
Federation. Other grade four items measure the related misconception that “gravity
can move objects in other directions that are not ‘down’ toward the surface of
Earth” (P4C). Item 14_V2 (“direction of movement due to gravity”), item 15
(“example of an object moving due to gravity,” Fig. 4.15), and item 16 (“force that
makes objects repel each other,” Fig. 4.16) all measured the misconception that
gravity can make objects move in a horizontal direction, and demonstrated a lack of
understanding among grade four students that gravity is an attractive force that pulls
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objects toward the surface of the Earth. The misconceptions on these items were
generally common, ranging from 27 to 49% on average. Like misconception P4B,
misconception P4C was most common in Norway. This lack of basic understanding
at grade four can lead to misconceptions and misunderstandings at higher grade
levels, such as those illustrated by items 7 and 12 at grade eight (Fig. 4.18) and by
item 2 in TIMSS Advanced (Fig. 4.17).

Across the set of items at grade four, gravity misconceptions were frequently
less common than average in the Russian Federation and the United States, and
more common than average in Italy, Norway, and Slovenia. This pattern, however,
did not persist across the misconceptions at higher grade levels. In particular, the
percentages of TIMSS Advanced students demonstrating the gravity misconcep-
tions were generally lower in Norway and higher in the Russian Federation (or not
measurably different from the average across countries). The patterns at grade eight
were more mixed, with some countries having a higher frequency of some mis-
conceptions and a lower frequency of others. The percentage of students demon-
strating gravity misconceptions in Italy was higher than the average for all countries
at all three grade levels that were assessed by TIMSS.

4.2.4 Gender Differences in Misconceptions
and Misunderstandings Related to Gravity

On average across the five countries, male students outperformed female students
on nearly all of the gravity items at all three grade levels (Table 4.17).17 The only
item where there were no significant gender differences in the percentage of stu-
dents who were correct in any country was grade eight item 12 (“direction gravity
makes a ball fall at different places on Earth”). Patterns in performance by gender
differed across countries and grades. Gender differences in the percent correct were
greatest on the TIMSS Advanced items, with an average male–female difference of
at least 10%. In comparison, the average male–female difference in the percent
correct ranged from 6 to 12% at grade eight and from 2 to 13% at grade four.
In TIMSS Advanced, gender differences were pervasive in Norway, with a sig-
nificantly higher percentage of males than females responding correctly to all items.
In contrast, in Norway, none of the grade eight items, and three of seven items at
grade four showed significant gender differences. By comparison, in the United
States, there were significant gender differences on all of the grade four items, three
of seven items at grade eight, and two of three items in TIMSS Advanced. In Italy,
the Russian Federation, and Slovenia, significant gender differences were found for
one to three items at each grade level. The specific set of items with significant
gender differences varied across countries. None of the items demonstrated

17Table 4.17 displays the percent correct for female and male students on each physics item. The
corresponding percent correct of students overall are shown in Figs. 4.1, 4.2, and 4.3.
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significant gender differences in all five countries, but there were two items at each
grade level with significant gender differences in three or four countries.

To further understand these gender differences in item performance within and
across countries, we compared the percentage of male and female students
demonstrating specific types of misconceptions and misunderstandings at each
grade level (Tables 4.18, 4.19, and 4.20, and Figs. 4.20, 4.21, and 4.22).18

In TIMSS Advanced (Table 4.18 and Fig. 4.20), a higher percentage of female
students on average demonstrated misconceptions P1A and P1B on item 1A
(“motion of a ball thrown upward—acceleration at highest point”) and miscon-
ception P2 on item 1B (“motion of a ball thrown upward—time between two
points”). The percentage differences were greatest for misconception P1B, where
between 16 and 20% more females than males demonstrated the misconception in
Norway, Slovenia, and the United States. In contrast, in Italy 9% more males
demonstrated misconception P1B, while 9% more females demonstrated miscon-
ception P1A. In the Russian Federation, there was no significant difference in the
percentage of males and females demonstrating misconception P1B, but there were
6% more females demonstrating misconception P1A. For misconception P2,
between 13 and 16% more females demonstrated the misconception in Italy,
Norway, the Russian Federation, and the United States. There were no significant
differences found in the percentages of male and female students demonstrating
misconception P1C on item 2 (“acceleration of a bouncing ball”) or misconception
P3A on item 3 (“forces acting on a stone thrown upward”).

Compared to TIMSS Advanced, there were fewer significant differences in the
percentages of male and female students demonstrating the misconceptions at grade
eight (Table 4.19 and Fig. 4.21). Across the five items measuring misconception
P3A (“gravity acts only on falling objects, but not on objects at rest or on objects
that are moving upward”), there were two items in Italy and the Russian Federation,
and only one item in the United States, where a significantly higher percentage of
females demonstrated the misconception. In Norway and Slovenia, none of these
items showed significant gender differences. The specific set of items with a higher
percentage of female students having the misconception varied across countries. On
item 4 (“gravity acting on a parachute jumper”), 10% more females than males
demonstrated the misconception in both Italy and the Russian Federation, while on
item 5 (“gravity acting on a rocket being launched from Earth”), only the Russian
Federation showed a gender difference (13% more female than male students
demonstrating the misconception). There were no significant gender differences on
item 6 (“gravity acting on an apple falling from a tree”). The largest gender dif-
ference was seen in Italy for item 7 (“forces acting on people sitting on a wall”),
where 21% more female than male students demonstrated the misconception. In the

18Tables 4.18, 4.19 and 4.20 display the percentage of female and male students with each mis-
conception in TIMSS Advanced, grade eight and grade four, respectively. The accompanying
figures (Figs. 4.20, 4.21, and 4.22) illustrate the differences in the percentages of female and male
students at the corresponding grade levels. The corresponding overall percentages of students with
the misconceptions are shown in Figs. 4.17, 4.18, and 4.19.
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United States, the only significant gender difference was on item 8 (“why helium
balloon moves upward”), where 8% more female than male students demonstrated
the misconception. The only significant gender difference on item 9 (“force causing
a ball thrown upward to fall”) was in Slovenia, where 9% more females than males
demonstrated misconception P3B (“gravity alone cannot cause an object initially at
rest to start moving; it requires another force/push”). There were no significant
differences in the percentages of male and female students demonstrating mis-
conception P4A on item 12 (“direction gravity makes a ball fall at different places
on Earth”).

As in grade eight and TIMSS Advanced, there were different patterns of gender
differences in misconceptions and misunderstandings across countries on the grade
four items (Table 4.20 and Fig. 4.22). Most notably, only in the United States was
the frequency of misconceptions and misunderstandings significantly higher for
females than males on all items, with the differences ranging from 5 to 11%. Across
the two items measuring misconception P3B, significantly more females than males
in Italy (11% on item 10), Norway (11% on item 11), and the United States (5% on
item 10 and 11% on item 11) demonstrated the misconception that “gravity alone

Miscon-
cep on

Item Year Italy Norway Russian
Federa on

Slovenia United
States

Average of
countries

P1A Item
1A_V1 2015

P1B Item
1A_V2 2015

P1C Item 2 1995

P2 Item 1B 2015

P3A Item 3 2008

Female–male percentage difference (%)

Higher percentage (%) of females with misconcep on or misunderstanding
Higher percentage (%) of males with misconcep on or misunderstanding
No significant difference between females and males
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Fig. 4.20 Gender differences in misconceptions and misunderstandings about gravity among
TIMSS Advanced students, 1995, 2008, and 2015. Notes Physics misconceptions and
misunderstandings: P1A = gravitational force (acceleration) acting on objects near Earth’s surface
is not constant but changes with the height of the object above the surface, P1B = objects thrown
upward have no acceleration at their maximum height where the instantaneous velocity is zero (the
instant it stops moving upward and reverses direction), P1C = gravitational acceleration is always
in the direction of motion/velocity (rather than a constant acceleration directed toward the center of
Earth), P2 = the time on the way up and the time on the way down are not equal (the downward
acceleration due to gravity is not treated as constant), P3A = gravity acts only on falling objects,
but not on objects at rest (on the ground or sitting on another surface) or on objects that are moving
upward. Item 1A contributes to two misconceptions depending on the response options
considered. For this item, misconception P1A includes students who selected either option B or
C, while misconception P1B includes students who selected option A. – Data not available (see
Appendix for country-specific notes)
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cannot cause an object initially at rest to start moving; it requires another force/
push.” On both items measuring misconception P4B (“gravity pushes upward on
objects sitting on a solid surface and objects that are moving upward”), only the
United States had significantly higher percentages of females demonstrating the
misconception (7–8%). The largest gender differences were found on item 14_V2
(“direction of movement due to gravity”), where the percentage of females was
significantly higher than the percentage of males demonstrating misconception P4C
(“gravity can make objects move in other directions that are not down toward the
surface of the Earth”) in Norway (18%), the Russian Federation (9%), Slovenia
(17%), and the United States (7%).

Miscon-
cep on

Item Year Italy Norway Russian
Federa on

Slovenia United
States

Average of
countries

P3A Item 4 2011

P3A Item 5 1999

P3A Item 6 1995

P3A Item 7 2015

P3A Item 8 2003

P3B Item 9 2015

P4A Item 12 2003

Female–male percentage difference (%)

Higher percentage (%) of females with misconcep on or misunderstanding
Higher percentage (%) of males with misconcep on or misunderstanding
No significant difference between females and males
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Fig. 4.21 Gender differences in misconceptions and misunderstandings about gravity among
grade eight students, 1995, 1999, 2003, 2011, and 2015. Notes Physics misconceptions and
misunderstandings: P3A = gravity acts only on falling objects, but not on objects at rest (on the
ground or sitting on another surface) or on objects that are moving upward, P3B = gravity alone
cannot cause an object initially at rest to start moving; it requires another force/push,
P4A = gravitational force causes objects to fall “down” (in an “absolute downward” direction
in space) rather than toward the center of Earth. – Data not available (see Appendix for
country-specific notes)
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Fig. 4.22 Gender differences in misconceptions and misunderstandings about gravity among
grade four students, 2003, 2007, 2011, and 2015. Notes Physics misconceptions and misunder-
standings: P3B = gravity alone cannot cause an object initially at rest to start moving; it requires
another force/push, P4B = gravity pushes upward on objects sitting on a solid surface and on
objects that are moving upward, P4C = gravity can move objects in other directions that are not
“down” toward the surface of Earth. Item 14 contributes to two misconceptions depending on the
response options considered. For this item, misconception P4B includes students who selected
option C, while misconception P4C includes students who selected either option B or D

4.2.5 Patterns in Misconceptions and Misunderstandings
Related to Gravity Over Time

In this section, we present the percentage of students in each country demonstrating
a specific type of misconception or misunderstanding over multiple assessment
years for the set of trend items from each grade level (Fig. 4.23 and 4.24). For the
gravity topic, there were three trend items each in grades four and eight, but no
trend items available for TIMSS Advanced. All items except one at grade four (item
11) were administered in three assessment years before they were released.

At grade eight (Fig. 4.23), the trend item data covered assessment years 2003,
2007, 2011, and 2015. There were some significant differences across assessment
years in the percentage of students in each country demonstrating the specific types
of misconceptions. Item 4 (administered in 2003, 2007, and 2011) and item 7
(administered in 2007, 2011, and 2015) both measure misconception P3A (“gravity
acts only on falling objects, but not on objects at rest or on objects that are moving
upward”). For MC item 4 (“gravity acting on a parachute jumper”), the percentage
of students demonstrating the misconception was not measurably different in 2011
than in the previous two assessments in Italy, Norway, the Russian Federation, and
the United States. In contrast, in Slovenia, the percentage of students decreased
between 2003 (55%) and 2011 (46%). For CR item 7 (“forces acting on people

78 4 Results for Student Misconceptions …



Italy Norway

Russian Federa on Slovenia

United States Average of countries

● Item 4 (P3A) – 2003, 2007, 2011
● Item 7 (P3A) – 2007, 2011, 2015
● Item 9 (P3B) – 2007, 2011, 2015

48
54 46

39 39 42

69 65 68

0

20

40

60

80

100

1995 1999 2003 2007 2011 2015

Pe
rc

en
to

fs
tu

de
nt

s

Year

*
60

57 55

36 36 32

60

60

58

0

20

40

60

80

100

1995 1999 2003 2007 2011 2015

Pe
rc

en
to

fs
tu

de
nt

s

Year

28 29 26

37 33 27

55 51 46

0

20

40

60

80

100

1995 1999 2003 2007 2011 2015

Pe
rc

en
to

fs
tu

de
nt

s

Year

*

*40 40
33

38 31 26

52
58 57

0

20

40

60

80

100

1995 1999 2003 2007 2011 2015

Pe
rc

en
to

fs
tu

de
nt

s

Year

*

32 32 27

21 22 22

51 56 55

0

20

40

60

80

100

1995 1999 2003 2007 2011 2015

Pe
rc

en
to

fs
tu

de
nt

s

Year

* 42 42 37

34 32 30

57 58 57

0

20

40

60

80

100

1995 1999 2003 2007 2011 2015

Pe
rc

en
to

fs
tu

de
nt

s

Year

*

*

*

Fig. 4.23 Trends in the percentage of grade eight students with misconceptions and misunder-
standings about gravity, 2003–2015. Notes Physics misconceptions and misunderstandings:
P3A = gravity acts only on falling objects, but not on objects at rest (on the ground or sitting on
another surface) or on objects that are moving upward, P3B = gravity alone cannot cause an object
initially at rest to start moving; it requires another force/push. *Significantly different from most
recent assessment cycle
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Fig. 4.24 Trends in the percentage of grade four students with misconceptions and misunder-
standings about gravity, 2003–2015. Notes Physics misconceptions and misunderstandings:
P3B = gravity alone cannot cause an object initially at rest to start moving; it requires another
force/push, P4B = gravity pushes upward on objects sitting on a solid surface and on objects that
are moving upward. *Significantly different from most recent assessment cycle. aTIMSS was not
administered in 1999 at grade four
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sitting on a wall”), there were significant differences in Italy and the United States
but not in the other countries. In both Italy and the United States, the percentage of
students with the misconception in 2011, the second assessment cycle, was higher
than in 2015, while the percentage in 2007 was not measurably different. This
reflected an 8% decrease in the percentage of students in Italy and a 5% decrease in
the United States between 2011 and 2015. The largest differences were found for
item 9 (“force causing a ball thrown upward to fall”), which measured miscon-
ception P3B (“gravity alone cannot cause an object initially at rest to start moving;
it requires another force/push”). In both the Russian Federation and Slovenia, the
percentage of students demonstrating the misconception decreased over time, and
the difference between the first assessment cycle (2007) and the third (2015) was
statistically significant. In Slovenia, this reflected a 10% decrease (from 37 to 27%)
and in the Russian Federation, a 12% decrease (from 38 to 26%), with no mea-
surable differences in Italy, Norway, and the United States.

At grade four (Fig. 4.24), the trend item data also covered assessment years 2003,
2007, 2011, and 2015. There were fewer significant differences over time in the
percentage of students with misconceptions on the grade four items than at grade
eight. As at grade eight, however, the most substantial differences were found in the
Russian Federation and Slovenia. Items 10 and 11 both measure misconception P3B
(“gravity alone cannot cause an object initially at rest to start moving; it requires
another force/push”). On MC item 10 (“force causing object to fall to the ground”),
the only countries with a significant difference were the Russian Federation and the
United States. In the Russian Federation, the percentage of students demonstrating the
misconception was 7% lower in 2011 (19%) than in 2007 (26%). In the United States,
the percentage was lower in 2011 (7%) than in 2003 (11%), although the decrease
appears to have occurred between 2003 and 2007 (also 7%). On CR item 11 (“force
causing a marble to roll down a sloping track”), the percentage of students demon-
strating the misconception decreased significantly in the Russian Federation (from 67
to 47%) and Slovenia (from 90 to 84%) between the 2011 and 2015 assessments. Item
13 (“direction of the force of Earth’s gravity”) measures misconception P4B (“gravity
pushes upward on objects sitting on a solid surface and on objects that are moving
upward”). There was only one statistically significant difference on this item, and that
was a slight decrease of 2% of students in the Russian Federation between the 2011
and 2015 assessments (from 5% to 3%).

4.2.6 Summary of Physics Results

In the physics results sections, we have reported on students’ performance on the
set of items related to gravity across countries at each grade level (TIMSS
Advanced, grade eight, and grade four; see Sect. 4.2.1), patterns in student mis-
conceptions and misunderstandings across countries and grade levels (Sects. 4.2.2
and 4.2.3), gender differences in these misconceptions and misunderstandings
(Sect. 4.2.4), and trends over multiple assessment years (Sect. 4.2.5). The fre-
quency of specific types of student misconceptions and misunderstandings at each
grade level varied across the five countries included in the study. In each country,
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and at each grade level, there were some misconceptions and misunderstandings
that were demonstrated by at least one-third of students. Gender differences were
found at all three grade levels, but were most prevalent on the TIMSS Advanced
items. For all trend items (except one in TIMSS Advanced), gender differences
favored males, with higher percentages of female students than male students
demonstrating the misconception or misunderstanding. Performance on grade eight
and grade four trend items administered in multiple assessment years showed that
the frequency of certain student misconceptions and misunderstandings decreased
over time in some countries but not others.

4.3 Mathematics Results

We selected a set of 29 mathematics items from the TIMSS and TIMSS Advanced
assessments from 1995 to 2015 that measured student understandings and errors
related to linear equations. This item set included two items from TIMSS
Advanced,19 19 TIMSS items at grade eight, and eight TIMSS items at grade four.
We identified nine performance objectives (POs) related to linear equations that
were measured by these items, each with a specific set of related errors and
misunderstandings (Table 4.21).

We provide here a list of the full set of TIMSS and TIMSS Advanced items
related to linear equations (Table 4.22) organized by performance objective and
grade level. This list shows the assessment year(s) when each item was adminis-
tered, the item format (MC or CR), a brief item description, the figures where the
items are shown in the report (released items only), and the specific type(s) of
student errors and misunderstandings measured by each item. All mathematics
results reported in this section are based on student performance on this set of items.
(See Appendix Table A.2 for additional information on the mathematics items used
in this study, including the specific response options or score categories used to
determine the percentage of students demonstrating each type of error or
misunderstanding.)

19Parts A and B of TIMSS Advanced item 1 are treated as separate items in this report (items 1A
and 1B).
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Table 4.21 Mathematics performance objectives related to linear equations with related errors
and misunderstandings, by grade level

Performance objective Related errors and/or
misunderstandings

Grade level

TA Gr8 Gr4

MO1: Interpret the solution to a system
of linear equations to answer a question
or solve a problem in real life

Not able to use slope and intercept to
provide an argument in support of the
solution to a real-life problem situation
(M1)

✓

MO2: Solve systems of linear equations
in two variables

Not able to apply the procedure
correctly to solve a real-life problem
situation (M2A)

✓ ✓

Not able to apply the procedure
correctly to solve non-contextualized
problems (M2B)

✓

MO3: Interpret the meanings of slope
and y-intercept in linear equations or
graphs

Not able to relate slope with steepness
of a line. (M3A)

✓

Demonstrates confusion between slope
and intercept of an equation. (M3B)

✓

MO4: Relate algebraic equations to
their graphical representations (and vice
versa)

Not able to correctly identify the graph
of an equation (M4A)

✓

Not able to translate graphical
representations into a mathematical
equation or verbal description of a
linear relationship (M4B)

✓

MO5: Write equations to represent
situations

Not able to translate verbal descriptions
into a correct mathematical equation
(M5)

✓

MO6. Given pairs of numbers in tables
or ordered pairs, generate an algebraic
equation of the relationship between
two variables

Not able to translate relationship shown
in table form into a mathematical
equation (M6)

✓

MO7 Given pairs of numbers in tables
or ordered pairs, generate a verbal
description of the relationship

Not able to generate a correct verbal
description given a specific relationship
in the form of ordered pairs (M7A)

✓

Not able to generate a correct verbal
description given a specific relationship
shown in table form (M7B)

✓

MO8: Give a verbal description of a
relationship between a set of numbers,
generate pairs of whole numbers that
follow that relationship (rule)

Not able to identify a correct set of
numbers that follow a given
relationship/rule (M8)

✓

MO9: Apply algebraic thinking to solve
simple real-life problems involving
unknowns

Not able to apply algebraic thinking to
solve simple real-life problems
involving unknowns (M9)

✓

Notes The nine mathematics performance objectives (MO1 through MO9). The related errors and
misunderstandings are coded (e.g., M1, M2A, M2B, etc.). The first two identifiers refer to the
corresponding mathematics objective number (e.g., M1, M2, etc.). When there is more than one error or
misunderstanding under a performance objective, a third identifier was added (i.e., A, B, C). Grade
levels: TA = TIMSS Advanced, G8 = grade 8, G4 = grade 4
✓ Indicates that the error or misunderstanding was measured by one or more items at that grade level
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4.3.1 Student Performance on TIMSS and TIMSS
Advanced Items Related to Linear Equations

The performance of students on the set of linear equation items across grade levels
covered a broad range both within and across countries (Fig. 4.25, 4.26, and 4.27),
with some very difficult items (<20% correct) and some easier items (� 60%

Country Percent correct (%) Mathema cs 
performance objec ve / 

items
Italy MO1 - 1B

MO2 - 1A

Norway MO1 - 1B

MO2 - 1A

Russian 
Federa on MO1 - 1B

MO2 - 1A

Slovenia MO1 - 1B

MO2 - 1A

United 
States MO1 - 1B

MO2 - 1A

Average 
of Countries MO1 - 1B

MO2 - 1A

25 

43 

22 

62 

36 

40 

39 

36 

40 

57 

37 

43 

0 20 40 60 80 100
Percent

Fig. 4.25 Student performance on TIMSS Advanced mathematics items, by country and
performance objective, 2015. Notes Percent correct is the percentage of students receiving credit
on each item. For MC and short CR items (each worth one score point), this reflects the percentage
of students who provided a correct answer. For extended CR items, this reflects the weighted
percentage of students receiving full credit (2 points) or partial credit (1 point). The percentages are
for the most recent cycle each item was administered. Data for item 1A and 1B are from 2015;
Item 1 (parts A and B) was scored using an overall scoring guide (shown in Fig. 4.28). The percent
correct shown for 1A reflects all students who answered part A correctly (codes 20 and 10
combined). The percent correct shown for 1B reflects all students who answered part B correctly
(codes 20 and 11 combined). Mathematics performance objectives (MO): MO1 = interpret the
solution to a system of linear equations to answer a question or solve a problem in real life
contexts, MO2 = solve systems of linear equations in two variables
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correct).20 Average performance across the five countries for the TIMSS Advanced
items (Fig. 4.25) ranged from 37 to 43% correct. In comparison, the average item
performance on grade eight items (Fig. 4.26) ranged from 13 to 63% correct and on
grade four items (Fig. 4.27) ranged from 17 to 62% correct. Some notable differ-
ences in performance were observed across the five countries.

For TIMSS Advanced (Fig. 4.25), the widest-ranging item performance was in
Norway (from 43 to 62% correct) and the United States (from 40 to 57% correct). In
contrast, item-level performance ranged from 36 to 40% correct in the Russian
Federation, from 22 to 25% correct in Italy, and from 36 to 39% correct in Slovenia. In
three of the five countries, students found item 1Bmore difficult than item 1A. In contrast,
in Italy and Slovenia, 3% more students found item 1A more difficult than item 1B.

At grade eight (Fig. 4.26), a broad range of item performance was found in all five
countries, with the lowest range (43 percentage points) in Norway and the highest
range (61 percentage points) in the Russian Federation and the United States. The three
most difficult items in all countries were CR items. Two of them, items 2 and 3, are
from performance objective 2 (“solve system of linear equations in two variables”) and
one, item 6, is from performance objective 3 (“interpret the meanings of the slope and
y-intercept in linear equations and graphs”). For both items 2 and 3, item performance
was lowest in Norway (4% and 1% correct, respectively) and highest in the Russian
Federation (36% correct on both items). On item 6, performance was lowest in Italy
(2% correct) and highest in the United States (31% correct). In comparison, the two
easiest items (item 12 and item 13) were both MC items. Item 12 is from performance
objective 4 (“relate algebraic equations to their graphical representations (and vice
versa)”) and item 13 is from objective 5 (“write equations to represent situations”). For
items 12 and 13, performance was lowest in Norway (44% and 41% correct, respec-
tively) and highest in the United States (78% and 75% correct, respectively).

There was also a broad range of item performance found in each country at grade
four (Fig. 4.27). The smallest range in percent correct across grade four items was in
the United States (23–66%) and the largest was in the Russian Federation (22–81%).
Interestingly, at grade four, the three most difficult items across countries (items 22,
27, and 28) as well as the two of the easiest items (items 23 and 26) were CR items.
In comparison, at grade eight, the easiest items were all MC items. One of the most
difficult items at grade four, item 22, is from performance objective 7 (“given pairs of
numbers in tables or ordered pairs, generate a verbal description of the relationship”).
The performance on this item varied from 8% correct in Slovenia to 23% correct in
the Russian Federation and the United States. The other two items are from perfor-
mance objective 9 (“apply algebraic thinking to solve simple real-life problems
involving unknowns”). The items that were easy in general for all countries were
from performance objective 8 (“given a verbal description of a relationship between a
set of numbers, generate pairs of whole numbers that follow that relationship/rule”).

20The data presented in Fig. 4.25, 4.26, and 4.27 reflect the most recent assessment in which each
item was administered from 1995 to 2015. See Table 4.22 for the most recent assessment for each
item. Changes in performance between assessment cycles for trend items are reported in Sect. 4.2.5.
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Country Percent correct (%) Mathema cs 
performance objec ve / 

items
Italy MO2 - 4, 3, 2, 5

MO3 - 6, 9, 8, 7

MO4 - 10, 11, 12

MO5 - 15, 14, 16, 13

MO6 - 17, 18, 19

MO7 - 20

Norwaya, b, c

MO2 - 4, 3, 2, 5

MO3 - 6, 9, 8

MO4 - 10, 11, 12

MO5 - 15, 14, 16, 13

MO6 - 17

MO7 - 20

Russian 
Federa on

MO2 - 2, 3, 4, 5

MO3 - 6, 7, 8, 9

MO4 - 10, 11, 12

MO5 - 15, 14, 16, 13

MO6 - 17, 18, 19

MO7 - 20

195 4 29
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572514 43

39 43 45 

11 3421

10 30 44

41163 29

28

40

20 3636 44

10 58 60 61 

48 51 71

714739 51

56 66 69 

69
Sloveniaa, b, c

MO2 - 4, 3, 2, 5

MO3 - 6, 9, 8

MO4 - 10, 11, 12

MO5 - 15, 14, 16, 13

MO6 - 17

MO7 - 20

30105 36

14 4534

11 55 65

59359 46

44
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Country Percent correct (%) Mathema cs 
performance objec ve / 

items
United 
States 

MO2 - 4, 3, 2, 5

MO3 - 6, 7, 9, 8

MO4 - 11, 10, 12

MO5 - 15, 14, 16, 13

MO6 - 18, 19, 17

MO7 - 20

Average of 
countries

MO2 - 4, 3, 2, 5

MO3 - 6, 9, 8, 7

MO4 - 10, 11, 12

MO5 - 15, 14, 16, 13

MO6 - 17, 18, 19

MO7 - 20

0 20 40 60 80 100

Percent

372317 50

2516 13 38

31 55 6456 

4441 78

754020 44

6249 58

68

14 524942

27 45 63

603317 43

46 53 57

56

Fig. 4.26 (continued)

JFig. 4.26 Student performance on TIMSS grade eight mathematics items, by country and
performance objective, 1999, 2003, 2007, and 2015. Notes Percent correct is the percentage of
students receiving credit on each item. For MC and short CR items (each worth one score point),
this reflects the percentage of students who provided a correct answer. For extended CR items, this
reflects the weighted percentage of students receiving full credit (2 points) or partial credit (1
point). The percentages are for the most recent cycle each item was administered. Data for items 3,
4, 6, 8–14, and 16 are from 2015; data for items 2 and 17 are from 2007; data for items 5, 15, and
20 are from 2003; and data for items 7, 18, and 19 are from 1999. Mathematics performance
objective (MO): MO2 = solve systems of linear equations in two variables, MO3 = interpret the
meanings of slope and y-intercept in linear equations or graphs, MO4 = relate algebraic equations
to their graphical representations (and vice versa), MO5 = write equations to represent situations,
MO6 = given pairs of numbers in tables or ordered pairs, generate an algebraic equation of the
relationship between the two variables. aData not available for item 7 (see Appendix for
country-specific notes). bData not available for item 18 (see Appendix for country-specific notes).
cData not available for item 19 (see Appendix for country-specific notes)
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Country Percent correct (%) Mathema cs 
performance objec ve 

/ items
Italy MO7 - 22, 21, 23

MO8 - 25, 24, 26

MO9 - 27, 28

Norway MO7 - 22, 21, 23

MO8 - 25, 24, 26

MO9 - 27, 28

Russian 
Federa on MO7 - 22, 21, 23

MO8 - 26, 25, 24

MO9 - 28, 27

Slovenia MO7 - 22, 21, 23

MO8 - 25, 24, 26

MO9 - 27, 28

United 
States MO7 - 22, 21, 23

MO8 - 25, 26, 24

MO9 - 28, 27

Average 
of Countries MO7 - 22, 21, 23

MO8 - 25, 26, 24

MO9 - 27, 28

0 20 40 60 80 100
Percent

4522 53 

5951 64

17 20 

289 32

4742 55

32 35 

63 23 63

817264

2622

398 40 

5745 61

20 24

5223 64 

6654 63

26 24

4517 50 

62 53 61

24 25 

Fig. 4.27 Student performance on TIMSS grade four mathematics items, by country and
performance objective, 2007, 2011, and 2015. Notes Percent correct is the percentage of students
receiving credit on each item. For MC and short CR items (each worth one score point), this
reflects the percentage of students who provided a correct answer. For extended CR items, this
reflects the weighted percentage of students receiving full credit (2 points) or partial credit
(1 point). The percentages are for the most recent cycle each item was administered. Data for items
21, 24, 25, and 28 are from 2015; data for item 23 are from 2011; and data for items 22, 26, and 27
are from 2007. Mathematics performance objective (MO): MO7 = given pairs of numbers in
tables or ordered pairs, generate a verbal description of the relationship, MO8 = given a verbal
description of a relationship between a set of numbers, generate pairs of whole numbers that follow
that relationship (rule), MO9 = apply algebraic thinking to solve simple real-life problems
involving unknowns
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4.3.2 Common Types of Errors and Misunderstandings
Related to Linear Equations Across Countries

By the time students reach upper-secondary school, they are expected to be well
versed with linear equations/relationships. They should be able to understand
solving equations as a process of reasoning and explain their reasoning. The first
example item (item 1: Fig. 4.28 and Table 4.23) shows that many students still
have difficulty in meeting this expectation. A fully correct score (code 20 in the
scoring guide) requires students to correctly answer both parts A and B. A correct
response to part A must provide the correct answer with adequate work shown
(algebraically or graphically). The algebraic solution includes writing equations for
the two different car rental plans (X and Y) and then solving the simultaneous
equations to find the point at which they intersect (3000 km) or have the same cost.
In part B, a correct response requires students to understand and explain that if the
same increase in initial cost is applied to both plans with no other change, the
difference between the two y-intercepts remains the same. Therefore, the distance
on the x-axis at which the two equations intersect will not change. A common
misunderstanding is that the students do not understand the solution well enough to
go beyond the set procedure and explain the solution with a change in the initial
cost of the rental plan.

Students received partial credit for providing a correct response to either part A
(code 10) or part B (code 11). An incorrect response to part A (code 11, 79, or 99)
demonstrates that students cannot evaluate the context, write equations, or apply the
correct procedures to solve a system of equations. On average, 58% of students
demonstrated this error across the five countries. The percentage of students making
this error varied considerably across the five countries, from 79% of students in
Italy, to 38% of students in Norway and 43% of students in the United States.

An incorrect response to part B (code 10, 79, or 99) demonstrates that students
did not understand the system of equations well enough to explain the impact of the
y-intercept change on both equations. That is, they did not demonstrate a deeper
understanding beyond applying procedures to solve a pair of linear equations. On
average, 64% of students demonstrated this error across the five countries. Italy had
the highest percentage of students (76%) demonstrating this misunderstanding, and
Norway had the lowest percentage (57%).

By grade eight, students are expected to be able to solve a given system of linear
equations in two variables in context as well as not in context. However, many
grade eight students made errors in doing so on the TIMSS assessments. This is
shown in the first grade eight example item (item 2: Fig. 4.29 and Table 4.24).
Similar to the first TIMSS Advanced item (Part A only), this item asks students to
write simultaneous linear equations to represent the given situation, and then solve
them to get the cost of one pen and two pencils. The important thing is that they
need to show their work in order to receive a correct score. On average across the
five countries, 25% of students (codes 10 and 11 in the scoring guide) were able to
correctly solve this problem and show their work in support of their answers. An
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Item information 
Item ID: 
MA33240 (A & B) 

Year(s) administered:
2015 

Performance objective: 
Part A. Solve systems of linear equations in two 
variables. 

Part B. Interpret the solution to a system of 
linear equations to answer a question or solve a 
problem in real life contexts 

Scoring guide
Correct response 
20 Completes both part A and part B correctly.  

A. 3000 or equivalent (e.g., 150/0.05) kilometers with adequate work shown 
(Accept x > 3000 and x = 3001) 
B. No and explains that the number of kilometers does not change when Y becomes 
the cheaper plan 

Partial Response 
10 Part A correct only 
11 Part B correct only 

Incorrect response 
79 Incorrect for both part A and part B (including crossed out, erased, stray marks, illegible, or 

off task) 
Non response 
99 Blank 

Fig. 4.28 TIMSS Advanced mathematics item 1, 2015. Source TIMSS Advanced 2015
Assessment. Copyright © 2017 International Association for the Evaluation of Educational
Achievement (IEA). TIMSS & PIRLS International Study Center, Lynch School of Education,
Boston College

Table 4.23 Student performance data for mathematics item 1 (MA33240A and MA33240B),
2015

Country Percentage of students (%) 
Correct 
(weighted) 

Correct 
Part A 
(20, 10) 

Correct 
Part B 
(20, 11) 

20 10 11 79 99 

Italy 23 22 25 18 4 7 23 49
Norway 52 62 43 39 22 3 19 16
Russian Federation 38 40 36 30 10 6 22 32
Slovenia 37 36 39 28 8 11 33 20
United States 49 57 40 35 22 5 31 7
Average of countries 40 43 37 30 13 7 26 25

Notes Correct (weighted) reflects the weighted percentage of students receiving full credit (code 20) or partial 
credit (code 10 or 11). Detail may not sum to totals due to rounding. Although the table displays rounded data, 
the calculations of the combined correct responses and weighted percent correct are based on unrounded data

 Significantly higher than the average of countries        
 Significantly lower than the average of countries
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additional 3% of students obtained the correct answer but did not show their work
(code 70). On average, 72% of students were not able to correctly solve the problem
(code 79 and 99 in the scoring guide). The percentage of students not able to
complete this task was high across all five countries, with the United States having
the lowest percentage (61%) and Italy having the highest (78%).

Item information 
Item ID:   
M042263   

Year(s) administered:
2007   

Performance objective: 
Solve systems of linear equations in two 
variables 

Scoring guide
Correct response 
10 10 zeds and equation(s) shown. Equations should involve the use of letter(s) as variable(s), 

e.g., 2y + 3x = 17. 
11 10 zeds and other work shown, e.g., pen = pencil + 1  

Incorrect response 
70 10 zeds, no work shown 
79 Incorrect (including crossed out, erased, stray marks, illegible, or off task) 

Non response 
99 Blank 

Joe knows that a pen costs 1 zed more than a pencil. 
His friend bought 2 pens and 3 pencils for 17 zeds. 
How many zeds will Joe need to buy 1 pen and 2 pencils?

Show your work.

Fig. 4.29 TIMSS grade eight mathematics item 2, 2007. Source TIMSS 2007 Assessment.
Copyright © 2009 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.24 Student performance data for mathematics item 2 (M042263), 2007

Country Percentage of students (%) 
Correct (10-11) 10 11 70 79 99

Italy 19 3 17 3 35 43
Norway 19 2 17 5 44 32
Russian Federation 20 18 2 5 35 40
Slovenia 30 2 28 2 50 18
United States 37 5 32 2 51 10
Average of countries 25 6 19 3 43 29

Notes Detail may not sum to totals due to rounding. Although the table displays rounded data, the calculations 
of the combined correct responses are based on unrounded data 

 Significantly higher than the average of countries 
 Significantly lower than the average of countries
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In the second grade eight example (item 3: Fig. 4.30 and Table 4.25), students
were expected to solve the system of linear equations provided. Very few students
across the five countries could apply the procedure correctly in order to obtain the
solution. A high percentage of students either made a mistake (code 79 in the
scoring guide) or did not attempt the problem at all (code 99). On average, 85% of
students were not able to correctly solve the given system of equations across the
five countries; the highest percentage of students unable to solve the problems was
in Norway (96%), and the lowest was in the Russian Federation (64%).

Item information 
Item ID:   
M062237   

Year(s) administered:
2015   

Performance objective: 
Solve systems of linear equations in two 
variables 

Scoring guide
Correct response 
10 x = 5 

y = -2  
Incorrect response 
79 Incorrect (including crossed out, erased, stray marks, illegible, or off task) 
Non response 
99 Blank 

Fig. 4.30 TIMSS grade eight mathematics item 3, 2015. Source TIMSS 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.25 Student performance data for mathematics item 3 (M062237), 2015

Country Percentage of students (%) 
Correct (10) 10 79 99

Italy 5 46 49
Norway 4 53 43
Russian Federation 36 27 37
Slovenia 10 61 29
United States 23 66 10
Average of countries 16 51 34

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries

5 
4 

36 
10 
23 
16 

96 4 Results for Student Misconceptions …



Another performance objective is that, by the end of grade eight, students should
be able to identify and interpret the slope and the intercepts in linear equations
shown algebraically and graphically. Item 6 (not shown as it is a secured item)
includes two lines on a graph and their equations. Students were expected to
determine which line had a greater slope by relating the steepness of the line with
the slope of the linear equation. On average across the five countries, nearly 86% of
the students failed to correctly identify which slope was larger. In all countries
except the United States (69%), more than 85% of the students were not able to
correctly relate that the steeper line has the larger slope.

In the next grade eight example (item 9: Fig. 4.31 and Table 4.26), students
were expected to identify and select the correct equation of a line based on a verbal
description of the conditions given. On average across the five countries, 57% of
the students got this item correct, with the lowest percentage correct being in
Norway (52%) and the highest in the United States (64%). Two of the distractors
(options A and C) were not the equation of a line, and hence could be eliminated.
The other distractor (option B) had the intercept and the slope swapped in

Item information 
Item ID: 
M062074 

Year(s) administered:
2015 

Performance objective: 
Interpret the meanings of slope and y-intercept 
in linear equations or graphs 

Correct answer: 
D 

Fig. 4.31 TIMSS grade eight mathematics item 9, 2015. Source TIMSS 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.26 Student performance data for mathematics item 9 (M062074), 2015

Country Percentage of students (%) 
Correct (D) A B C D Omitted

Italy 7 27 14 39 12
Norway 9 29 22 21 19
Russian Federation 13 11 9 61 6
Slovenia 10 20 20 34 15
United States 9 22 9 56 5
Average of countries 9 22 15 42 11

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries 

39 
21 
61 
34 
56 
42 
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comparison to the correct equation (option D). On average, 22% of students chose
option B; the Russian Federation had the lowest percentage of students choosing
option B (11%), while the highest percentage of students choosing this option was
in Norway (29%).

Another performance objective is that by the end of grade eight, students should
be able to translate between algebraic and graphical representations. In item 10 (not
shown as it is a secured item), students need to identify the graph of a given
equation. On average, across the five countries, only 23% of students correctly
identified the graph of the equation given in the item; students in Norway were least
likely to get this correct (10%), while the highest percentage of students getting this
correct was in the Russian Federation (48%).

Another grade eight example (item 11: Fig. 4.32 and Table 4.27) required stu-
dents to identify the equation of a line whose graph was given. On average across
the five countries, 45% of students got this item correct; Norway had the lowest

Item information 
Item ID: 
M042112 

Year(s) administered:
2015, 2011, 2007 

Performance objective: 
Relate algebraic equations to their graphical 
representations (and vice versa) 

Correct answer: 
D 

Fig. 4.32 TIMSS grade eight mathematics item 11, 2015. Source TIMSS 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.27 Student performance data for mathematics item 11 (M042112), 2015

Country Percentage of students (%) 
Correct (D) A B C D Omitted

Italy 10 15 15 50 10
Norway 13 22 24 30 11
Russian Federation 13 10 17 51 9
Slovenia 10 16 12 55 7
United States 26 14 16 41 2
Average of countries 14 15 17 45 8

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries 

50 
30 
51 
55 
41 
45 

98 4 Results for Student Misconceptions …



percentage of correct responses (30%) and Slovenia the highest percentage (55%).
In all countries, about half of the students were not able to correctly identify the
equation of line for the given graph.

In the next grade eight example (item 13: Fig. 4.33 and Table 4.28), students are
expected to identify the correct equation of a line from the verbal description of the
given situation. More than 60% of students, on average across the five countries,
were able to identify the correct equation of the line (option B). Performance on this
item varied considerably across countries; Norway had the lowest percentage
correct (41%) and the United States the highest percentage correct (75%). The most
common incorrect response in all countries was option D, which was selected by
27% of students on average.

Item information 
Item ID: 
M042202 

Year(s) administered:
2015, 2011, 2007 

Performance objective: 
Write equations to represent situations 

Correct answer: 
B 

Fig. 4.33 TIMSS grade eight mathematics item 13, 2015. Source TIMSS 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.28 Student performance data for mathematics item 13 (M042202), 2015

Country Percentage of students (%) 
Correct (B) A B C D Omitted

Italy 3 57 5 33 2
Norway 8 41 11 33 8
Russian Federation 2 71 1 24 2
Slovenia 4 59 5 32 1
United States 5 75 5 14 1
Average of countries 4 60 5 27 3

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries

57 
41 
71 
59 
75 
60 
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The next two grade eight example items required students to identify the correct
equation of a line from the relationship given in a table. In item 17 (Fig. 4.34 and
Table 4.29), all the equations in the response options are for a straight line. On
average across the five countries, 46% of the students got this item correct (option
C), but performance varied considerably. The percent correct in Norway (28%) and
Italy (39%) was significantly lower than the average across the five countries, while
that for the Russian Federation (56%) and the United States (62%) was higher than
average. Item 19 (Fig. 4.35 and Table 4.30)21 also required students to identify the
correct equation of a line from the relationship given in a table. However, in this

Item information 
Item ID: 
M032163 

Year(s) administered:
2007, 2003 

Performance objective: 
Given pairs of numbers in tables or ordered 
pairs, generate an algebraic equation of the 
relationship between the two variables  

Correct answer: 
C 

Fig. 4.34 TIMSS grade eight mathematics item 17, 2007. Source TIMSS 2007 Assessment.
Copyright © 2009 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.29 Student performance data for mathematics item 17 (M032163), 2007

Country Percentage of students (%) 
Correct (C) A B C D Omitted

Italy 16 23 39 11 10
Norway 22 29 28 9 12
Russian Federation 14 19 56 5 6
Slovenia 13 28 44 10 6
United States 12 17 62 8 1
Average of countries 15 23 46 9 7

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries 

39 
28 
56 
44 
62 
46 

21Slovenia and Norway did not participate in TIMSS 1999 assessment. Hence, average perfor-
mance for this item is based on data from three countries (Italy, the Russian Federation, and the
United States).
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case, two response options (options B and C) are not equations for a single straight
line. Hence, the choice is between the other two options.

By the end of elementary school, students are expected to be able to express the
relationship between ordered pairs or between two numbers (input/output numbers).
The last grade eight example (item 20: Fig. 4.36 and Table 4.31) asked students to
identify the correct relationship between the set of given ordered pairs. On average,
56% of the students answered correctly. Performance in Norway (40% correct) and
Italy (52% correct) was lower than the international average, while performance in
the United States (68% correct) and the Russian Federation (69% correct) was
higher than average.

Item information 
Item ID: 
M012046 

Year(s) administered:
1999, 1995 

Performance objective: 
Given pairs of numbers in tables or ordered 
pairs, generate an algebraic equation of the 
relationship between the two variables 

Correct answer: 
D 

The table shows a relation between x and y.

Which of these equations expresses this relation?

A. y = x + 5

B. y = x – 5

C. y = (x –1)–
1
3

D. y = 3x + 1

x 2 3 4 5

y 7 10 13 16

Fig. 4.35 TIMSS grade eight mathematics item 19, 1999. Source TIMSS 1999 Assessment.
Copyright © 2001 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.30 Student performance data for mathematics item 19 (M012046), 1999

Country Percentage of students (%) 
Correct (D) A B C D Invalid

Italy 20 15 20 45 0
Norway ─ ─ ─ ─ ─

Russian Federation 20 5 6 69 1
Slovenia ─ ─ ─ ─ ─
United States 20 10 11 58 0
Average of countries 20 10 13 57 0

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries 

─ Data not available for item 19 (see Appendix for country-specific notes)

45 
─

69 
─

58 
57 
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At grade four, there are two items (21 and 22) assessing the same performance
objective as the previous grade eight item 20. Item 21 (Fig. 4.37 and Table 4.32) is
a MC item that required students to correctly identify the verbal description of a
rule to obtain a number in column B from a number in column A. On average
across the five countries, 45% of students were able to identify the correct
description of the rule (option A) from the four choices given. There was a con-
siderable range in performance across countries on this item; in Norway 28% of
students responded correctly, while at the other end, in the Russian Federation, 63%
of students responded correctly. In item 22 (Fig. 4.38 and Table 4.33), which is a
CR item, students were provided with a set of four paired numbers and asked to
write a verbal description of the rule applied to the first number in each pair in order
to obtain the second number. Student performance on this item was extremely low
and there was a high percentage of blank responses (code 99 in the scoring guide).
On average across the five countries, only 17% of students were able to provide the

Item information 
Item ID: 
M012029 

Year(s) administered:
2003, 1999, 1995 

Performance objective: 
Given pairs of numbers in tables or ordered 
pairs, generate a verbal description of the 
relationship 

Correct answer: 
E 

Fig. 4.36 TIMSS grade eight mathematics item 20, 2003. Source TIMSS 2003 Assessment.
Copyright © 2005 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.31 Student performance data for mathematics item 20 (M012029), 2003

Country Percentage of students (%) 
 Correct (E) A B C D E Invalid Omitted

Italy 52 4 4 9 19 52 3 9
Norway 40 8 4 18 21 40 0 8
Russian Federation 69 4 3 5 10 69 3 6
Slovenia 53 5 5 8 19 53 3 7
United States 68 4 4 7 17 68 0 1
Average of countries 56 5 4 9 17 56 2 6

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries
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correct response. Performance in Italy, the Russian Federation, and the United
States was very similar (22–23% correct), and the performance of students in
Norway and Slovenia (8–9% correct) was also very similar.

Item information 
Item ID: 
M041125 

Year(s) administered:
2015, 2011, 2007 

Performance objective: 
Given pairs of numbers in tables or ordered 
pairs, generate a verbal description of the 
relationship 

Correct answer: 
A 

Fig. 4.37 TIMSS grade four mathematics item 21, 2015. Source TIMSS 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.32 Student performance data for mathematics item 21 (M041125), 2015

Country Percentage of students (%) 
Correct (A) A B C D Omitted

Italy 45 45 23 12 12 9
Norway 28 28 26 17 16 12
Russian Federation 63 63 18 5 10 4
Slovenia 39 39 21 10 18 13
United States 52 52 24 9 13 2
Average of countries 45 45 22 11 14 8

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries 
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A related objective at grade four is that students should be able to use a given
rule to obtain the output numbers from the input numbers (item 24: Fig. 4.39 and
Table 4.34). On average across the five countries, 62% of students were able to
provide both correct entries in column B of the table, and another 6% were able to
provide one correct entry. An additional 4% of students were able to apply the
partial or incomplete rule (i.e., they multiplied the number in column A by 4, but
then forgot to add 1 to the result). Student performance on this item varied

Item information 
Item ID: 
M031227  

Year(s) administered:
2007, 2003 

Performance objective: 
Given pairs of numbers in tables or ordered 
pairs, generate a verbal description of the 
relationship 

Scoring guide
Correct response 
10 Double the number in the triangle and add 1 (e.g., double and add 1; multiply by 2 and 

add 1) 
19 Other correct, including adding the next highest number to the given number in the 

triangle (e.g., 4 + 5 = 9) 
Incorrect response 
79 Incorrect (including crossed out, erased, stray marks, illegible, or off task) 

Non response 
99 Blank 

Fig. 4.38 TIMSS grade four mathematics item 22, 2007. Source TIMSS 2007 Assessment.
Copyright © 2009 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.33 Student performance data for mathematics item 22 (M031227), 2007

Country Percentage of students (%) 
Correct (10-19) 10 19 79 99

Italy 22 19 2 47 32
Norway 9 7 3 55 36
Russian Federation 23 20 3 54 22
Slovenia 8 6 2 63 29
United States 23 16 6 70 7
Average of countries 17 14 3 58 25

Notes Detail may not sum to totals due to rounding. Although the table displays rounded data, the calculations 
of the combined correct responses are based on unrounded data

 Significantly higher than the average of countries 
 Significantly lower than the average of countries
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considerably across countries, covering a range of almost 34 percentage points.
Student performance in Norway (47% correct) and Slovenia (57% correct) was
below the international average, while that of the United States (66% correct) and
the Russian Federation (81% correct) was above the international average.

Item information 
Item ID:  
M041124   

Year(s) administered:
2015, 2011, 2007 

Performance objective: 
Given a verbal description of a 
relationship between a set of 
numbers, generate pairs of whole 
numbers that follow that 
relationship (rule) 

Scoring guide
Correct response 
10 Both entries correct: 9 

21 
Incorrect response 
70 1 only correct 
71 8 

20 
79 Other incorrect (including crossed out, erased, stray marks, illegible, or off task) 

Non response 
99 Blank 

Fig. 4.39 TIMSS grade four mathematics item 24, 2015. Source TIMSS 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College

Table 4.34 Student performance data for mathematics item 24 (M041124), 2015

Country Percentage of students (%) 
Correct (10) 10 70 71 79 99

Italy 59 59 5 8 22 6
Norway 47 47 9 4 33 7
Russian Federation 81 81 6 3 9 2
Slovenia 57 57 7 4 24 8
United States 66 66 6 4 21 2
Average of countries 62 62 6 4 22 5

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries 
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Another example (item 26: Fig. 4.40 and Table 4.35) is from the same perfor-
mance objective. This problem was placed in a real-life context, and students were
expected to complete two table entries in order to receive credit for this item. On
average across the five countries, 61% of students were able to complete both tables
correctly (code 10 in the scoring guide). An additional 7% of students completed
one of the tables correctly (codes 70 and 71). For four countries (Italy, the Russian
Federation, Slovenia, and the United States), performance on this item was clus-
tered between 61 and 64% correct. In contrast, in Norway, only 55% of students
obtained the correct answer.

Item information 
Item ID:   
M031242A   

Year(s) administered:
2007, 2003   

Performance objective: 
Given a verbal description of a relationship 
between a set of numbers, generate pairs of 
whole numbers that follow that relationship 
(rule) 

Scoring guide
Correct response 
10 Table completed correctly to 6 hours:  3 hours  14 zeds   3 hours   14 zeds 

4 17 4 6 
5 20 5 18 
6 23 6 20 

Incorrect response 
70 One or more entries for Mountain Club incorrect; Roadrace Club entries all correct 
71 One or more entries for Roadrace Club incorrect; Mountain Club entries all correct 
79 Other incorrect (including crossed out, erased, stray marks, illegible, or off task) 

Non response 
99 Blank  

Fig. 4.40 TIMSS grade four mathematics item 26, 2007. Source TIMSS 2007 Assessment.
Copyright © 2009 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College
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The last two grade four example items were problems set in real-life contexts
and involved some algebraic thinking, although they did not necessarily require
students to write or solve an equation. The first of these two example items (item
27: Fig. 4.41 and Table 4.36) required students to understand the context, find the
cost of a child’s ticket, and show their work. The item was worth two score points,

Table 4.35 Student performance data for mathematics item 26 (M031242A), 2007

Country Percentage of students (%) 
Correct (10) 10 70 71 79 99

Italy 64 64 5 2 14 15
Norway 55 55 7 3 21 15
Russian Federation 64 64 4 2 9 22
Slovenia 61 61 6 3 18 11
United States 63 63 5 2 11 19
Average of countries 61 61 5 2 15 16

Notes Detail may not sum to totals due to rounding
 Significantly higher than the average of countries 
 Significantly lower than the average of countries

Item information 
Item ID: 
M031247  

Year(s) administered:
2007, 2003 

Performance objective:
Apply algebraic 
thinking to solve simple 
real-life problems 
involving unknowns 

Scoring guide
Correct response 
20 10 or 10 zeds with work shown 

Partial response 
10 10 or 10 zeds with no work shown 
11 Correct method but computation error 

Incorrect response 
70 50/4 or 12.5 
79 Other incorrect (including crossed out, erased, stray marks, illegible, or off task) 

Non response 
99 Blank 

Fig. 4.41 TIMSS grade four mathematics item 27, 2007. Source TIMSS 2007 Assessment.
Copyright © 2009 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College
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and partial credit was given if the answer was correct but no work was shown (code
10 in the scoring guide) or if the response was formulated using the correct method
but the answer was not correct due to the student making a computational error
(code 11). This was one of the more difficult items for grade four students. On
average across the five countries, the weighted percent correct (which takes both
full and partial credit into consideration) was only 24, and 66% of students did not
receive any credit for this item (codes 70, 79, and 99). Code 70 was given for the
responses where students ignored or did not understand the relationship provided
for the adult versus child ticket, and simply divided the cost by the number of
individuals.

In the last item in the set (item 28: Fig. 4.42 and Table 4.37), two relationships
are shown in picture format. Students needed to understand the provided rela-
tionships between the cost of ice cream cones and lollipops to solve the problem. In
part A, they need to find the cost of one ice cream cone and one lollipop together,
and in part B the cost of one lollipop. Similar to the previous item, this was also a
difficult item, with 25% correct (weighted) on average across the five countries. On
average, 16% of students got both parts A and B correct (code 20 in the scoring
guide), 10% got only Part A correct (code 10) and 8% got only part B correct (code
11), resulting in a weighted percent correct of 25%. Performance on this item
ranged from 20% correct in Italy to 35% correct in Norway, with both being
significantly different from the average across the five countries. Performance in the
Russian Federation, Slovenia, and the United States was quite similar to each other
and to the average across five countries (22–24%).

Table 4.36 Student performance data for mathematics item 27 (M031247), 2007

Country Percentage of students (%) 
Correct (weighted) 20 10 11 70 79 99

Italy 17 9 16 0 5 47 22
Norway 32 17 30 0 1 40 12
Russian Federation 26 12 28 0 2 45 14
Slovenia 20 15 9 1 0 66 9
United States 26 21 10 1 11 54 3
Average of countries 24 15 19 0 4 50 12

Notes Correct (weighted) reflects the weighted percentage of students receiving full credit (code 20) or partial 
credit (code 10 or 11). Detail may not sum to totals due to rounding. Although the table displays rounded data, 
the calculations of weighted percent correct are based on unrounded data

 Significantly higher than the average of countries 
 Significantly lower than the average of countries
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Item information 
Item ID: 
M051006  

Year(s) administered:
2015, 2011 

Performance objective: 
Apply algebraic thinking to solve simple real-
life problems involving unknowns 

Scoring guide
Correct response 
20 8 AND 3 
Partial response 
10 Only 8 correct 
11 Only 3 correct 
Incorrect response 
79 Incorrect (including crossed out, erased, stray marks, illegible, or off task) 
Non response 
99 Blank 

Bill bought:

Jane bought:

How much do a and a  cost together?

 Answer: ______________ zeds

How much does a  cost?

 Answer: ______________ zeds

Cost
22 zeds

Cost
14 zeds

Fig. 4.42 TIMSS grade four mathematics item 28, 2015. Source TIMSS 2015 Assessment.
Copyright © 2017 International Association for the Evaluation of Educational Achievement (IEA).
TIMSS & PIRLS International Study Center, Lynch School of Education, Boston College
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4.3.3 Patterns in Errors and Misunderstandings Related
to Linear Equations Across Grade Levels
and Countries

Student performance data on the individual assessment items described in
Sect. 4.3.2 were combined to explore patterns in the percentage of students
demonstrating specific errors and misunderstandings across countries, based on the
set of items that measure each type of error or misunderstanding at each grade level
(Figs. 4.43, 4.44, and 4.45).22

The first performance objective is to interpret the solution to a system of linear
equations to answer a question or solve a problem in a real-life context. On average
across the five countries, 63% of TIMSS Advanced students (Fig. 4.43) demon-
strated misunderstanding M1 (“not able to use slope and intercept to provide an
argument in support of the solution to a real-life problem situation”) on item 1B
(Fig. 4.28). In the Russian Federation, Slovenia, and the United States, the per-
centage of students with this misunderstanding was similar to the average. In Italy,
the percentage of students demonstrating this misunderstanding was higher (75%)
and, in Norway, it was lower (57%) than the average.

Under performance objective 2 (“solve systems of linear equations in two vari-
ables”), there are two types of errors, depending on whether students are applying the
procedure to a contextualized real-life problem (M2A) or to a non-contextualized
problem (M2B). In a contextual situation, students need an additional piece of
understanding to evaluate the situation and write the correct equation. This is not
needed in the case of a non-contextual situation. There are two example items

Table 4.37 Student performance data for mathematics item 28 (M051006), 2015

Country Percentage of students (%) 
Correct (weighted) 20 10 11 79 99

Italy 20 13 7 6 60 14
Norway 35 14 10 9 54 13
Russian Federation 22 24 15 6 48 7
Slovenia 24 15 7 8 59 11
United States 24 14 8 10 65 2
Average of countries 25 16 10 8 57 9

Notes Correct (weighted) reflects the weighted percentage of students receiving full credit (code 20) or partial 
credit (code 10 or 11). Detail may not sum to totals due to rounding. Although the table displays rounded data,
the calculations of weighted percent correct are based on unrounded data

 Significantly higher than the average of countries 
 Significantly lower than the average of countries

22The data shown in Fig. 4.43, 4.44 and 4.45 reflect the most recent assessment year, which differs
across the set of items at each grade level (from 1995 to 2015). Table 4.22 shows the most recent
assessment year for each item.
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involving contextualized problems, one from TIMSS Advanced (Fig. 4.28, item 1A)
and one from grade eight (Fig. 4.29, item 2). Many students at both grade levels
were not able to apply the procedure correctly (error M2A). On average across the
five countries, 57% of TIMSS Advanced students and 72% of grade eight students
made this error (Figs. 4.43 and 4.44). In Norway, the Russian Federation, and the
United States, the percentage of students making error in the procedure was lower in
TIMSS Advanced than in grade eight (as might be expected), but in Italy and
Slovenia, the percentage of students was comparable at both grade levels. There was
more variation across countries in the percentage of students making this error
among TIMSS Advanced students (a range of 40 percentage points) than among

Error or
misunderstanding

Percentage of students with error or misunderstanding (%)

Performance objective 1: Interpret the solution to a system of linear equations to answer a question or
solve a problem in real life contexts
M1: Not able to use
slope and intercept to
provide an argument in
support of the solution
to a real-life problem
situation

Performance objective 2: Solve systems of linear equations in two variables
M2A: Not able to apply
the procedure correctly
to solve a real-life
problem situation
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Fig. 4.43 Percentage of TIMSS Advanced students with errors and misunderstandings about
linear equations, by country, 2015. Notes The percentages are for the most recent cycle each item
was administered. Data for item 1A and 1B are from 2015. *Significantly different from average of
countries
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Error or
misunderstanding

Percentage of students with error or misunderstanding (%)

Performance objec ve 2: Solve systems of linear equa ons in two variables
M2A: Not able to apply
the procedure correctly
to solve a real-life
problem situa on

M2B: Not able to apply
the procedure correctly
to solve non-
contextualized problems

Performance objec ve 3: Interpret the meanings of slope and y-intercept in linear equa ons or graphs
M3A: Not able to relate
slope with steepness of a
line
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Fig. 4.44 Percentage of grade eight students with errors and misunderstandings about linear
equations, by country: 1999, 2003, 2007, and 2015. Notes The percentages are for the most recent
cycle each item was administered. Data for items 3, 4, 6, 8–14, and 16 are from 2015; data for
items 2 and 17 are from 2007; data for items 5, 15 and 20 are from 2003; and data for items 7, 18,
and 19 are from 1999. *Significantly different from average of countries. – Data not available (see
Appendix for country-specific notes)
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Error or
misunderstanding

Percentage of students with error or misunderstanding (%)

Performance objec ve 3: Interpret the meanings of slope and y-intercept in linear equa ons or graphs
M3B: Demonstrates
confusion between slope
and intercept of an
equa on

Performance objec ve 4: Relate algebraic equa ons to their graphical representa ons (and vice-versa)
M4A: Not able to
correctly iden fy the
graph of an equa on

M4B: Not able to
translate graphical
representa ons into a
mathema cal equa on
or verbal descrip on of a
linear rela onship
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Error or
misunderstanding Percentage of students with error or misunderstanding (%)
Performance objec ve 5: Write equa ons to represent situa ons
M5: Not able to
translate verbal
descrip ons into a
correct mathema cal
equa on

Performance objec ve 6: Given pairs of numbers in tables or ordered pairs, generate an algebraic equa on
of the rela onship between the two variables
M6: Not able to
translate rela onship
shown in table form into
a mathema cal
equa on

Performance objec ve 7: Given pairs of numbers in tables or ordered pairs, generate a verbal descrip on of
the rela onship
M7A: Not able to
generate a correct
verbal descrip on given
a specific rela onship in
the form of ordered
pairs
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Error or
misunderstanding

Percentage of students with error or misunderstanding (%)

Performance objective 7: Given pairs of numbers in tables or ordered pairs, generate a verbal description of
the relationship
M7B: Not able to
generate a correct verbal
description given a
specific relationship
shown in table form

Performance objective 8: Given a verbal description of a relationship between a set of numbers, generate
pairs of whole numbers that follow that relationship (rule)
M8: Not able to identify
a correct set of numbers
that follow a given
relationship/rule

Performance objective 9: Apply algebraic thinking to solve simple real-life problems involving unknowns
M9: Not able to apply
algebraic thinking to
solve simple real-life
problems involving
unknowns
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Fig. 4.45 Percentage of grade four students with errors and misunderstandings about linear
equations, by country, 2007, 2011, and 2015. Notes The percentages are for the most recent cycle
each item was administered. Data for items 21, 24, 25, and 28 are from 2015; data for item 23 are
from 2011; and data for items 22, 26, and 27 are from 2007. *Significantly different from average
of countries
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grade eight students (a range of 17 percentage points). In TIMSS Advanced, the
percentage of upper-secondary students not able to apply the procedure ranged from
38% of students in Norway and 43% of students in the United States, to 60% in the
Russian Federation and 64% in Slovenia, to 78% in Italy.

The related error (M2B) occurred when students were not able to apply the
procedure correctly to solve a non-contextualized problem. There were three
items at grade eight, item 3 (Fig. 4.30), item 4 (not shown), and item 5 (not
shown), that assessed whether students could correctly apply the procedure to
solve a system of linear equations (Fig. 4.44). The average percentage of stu-
dents making errors in applying the procedure was very high across countries on
all three items (84%, 86%, and 62% on items 3, 4, and 5, respectively). As
expected, this was more pronounced in the CR items (items 3 and 4) than in the
MC item (item 5). The pattern across items was very similar in all counties
except the Russian Federation. In the case of the Russian Federation, the dif-
ference between CR and MC items was less pronounced (64%, 60%, and 56%
on items 3, 4, and 5, respectively).

Another important and prevalent misunderstanding among grade eight students
is not being able to relate the steepness of a line with the slope of the line (M3A).
The percentage of students demonstrating this misunderstanding on the CR item 6
(not shown) was very high in all countries, with four of the five countries having at
least 86% of students in this category. In comparison, 69% of students in the United
States demonstrated this misunderstanding (Fig. 4.44).

A related misunderstanding that students demonstrate is confusion between the
slope and intercept of an equation (M3B). At grade eight, there are three MC items
included in this set that are related to this misunderstanding: item 7 (not shown),
item 8 (not shown), and item 9 (Fig. 4.31). For all three items, this specific
misunderstanding was tracked by having a distractor in which the two values for
intercept and slope were swapped in the equations. This misunderstanding was
found to be lower among grade eight students than were some of the other
misunderstandings and/or errors (ranging from 10 to 24%, on average). This
misunderstanding was less common among students in the Russian Federation
(demonstrated by 7–18% of students, depending on the item), but more common in
Italy (11–28%), Norway (29–31%), Slovenia (20–24%), and the United States
(13–22%).

Performance objective 4 is related to students being able to translate easily
between an algebraic equation and the graph of a line. The first misunderstanding
related to this performance objective is that students are not able to correctly
identify the graph of an equation (M4A). More than 75% of students in Italy,
Norway, and Slovenia demonstrated this misunderstanding and were not able to
identify the correct graph for a given equation on item 10 (not shown).
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A related error is not being able to write or identify the correct algebraic equation
or verbal description from the graph of a line (M4B). Students found translating the
graph of a line to its algebraic form (item 11: Fig. 4.32) more difficult than
translating the graph of a line to a verbal description of the relationship on item 12
(not shown). On average across the five countries, 55% of students were not able to
select the correct equation for the given graph of a line (item 11), and 37% of
students were not able to select the correct description of the relationship/rule for
the given graph of a line (item 12). The percentage of students demonstrating the
error (M4B) on item 11 varied from 70% in Norway to 45% in Slovenia. In
contrast, students demonstrating the error (M4B) on item 12 varied from 56%,
again in Norway, to 22% in the United States. This means students understood
the relationship between the two variables but found it difficult to verbalize the
relationship in algebraic form. The difference between the error demonstrated on
items 11 and 12 was most pronounced in the Russian Federation (20 percentage
points) and the United States (37 percentage points) and least pronounced in Italy
(5 percentage points).

The next type of misunderstanding (M5) was not being able to translate verbal
descriptions into a correct mathematical equation. There were four grade eight items
measuring this error: two MC (item 13 in Fig. 4.33 and item 16, not shown) and
two CR (items 14 and 15, not shown). As was found with other errors and
misunderstandings, the percentage of students demonstrating the misunderstanding
was higher on the CR items than on the MC items in all five countries. On all four
items, the percentage of students demonstrating the misunderstanding was highest
in Norway and lowest in the Russian Federation (except for item 13). On item 13,
the percentage of students demonstrating the misunderstanding was lowest in
United States.

The related misunderstanding (M6) was not being able to translate the
relationship given in a table format into a linear equation. All three grade eight
items assessing this misunderstanding were MC in format: item 17 (Fig. 4.34), item
18 (now shown), and item 19 (Fig. 4.35).23 Across all three items, the misunder-
standing was more common among students in Italy than among students in the
Russian Federation and the United States. Another related misunderstanding (M7A)
is not being able to generate a verbal description given a specific relationship in the
form of ordered pairs, which was measured on one grade eight item. The percentage
of grade eight students demonstrating this error on item 20 was highest in Norway
(60%) and lowest in the Russian Federation and the United States (31% and 32%,
respectively).

The next three kinds of errors and misunderstandings were demonstrated at grade
four (Fig. 4.45). The first one (M7B) is not being able to generate a verbal description

23Norway and Slovenia did not participate in the 1999 and 1995 assessments.

4.3 Mathematics Results 117



given a relationship in table format. There are three items included in this set (items
21, 22, and 23). Item 21 (Fig. 4.37) and item 23 (not shown) are MC format, and item
22 (Fig. 4.38) is CR format. The misunderstanding appears to be more prevalent on
the CR item than on the MC items for all countries. The misunderstanding was more
common in Norway (68–91% of students across items) and Slovenia (60–92%) than
in Italy (47–78%), the Russian Federation (37–77%), and the United States (36–77%).

Another related error (M8) was not being able to identify a correct set of
numbers based on the verbal description of the relationship. There were three grade
four CR items that measured this misunderstanding: item 24 (Fig. 4.39), item 25
(not shown), and item 26 (Fig. 4.40). The percentage of students demonstrating this
type of error on item 24 covered a range of 34 percentage points across the five
countries, from 19% in the Russian Federation to 53% in Norway. Similarly, the
percentage of students demonstrating this type of error for item 25 covered a range
of 30 percentage points, from 28% in the Russian Federation to 58% in Norway.
For item 26, the percentage of students demonstrating this error was more con-
sistent across countries, ranging from 29% in Italy to 35% in Norway.

The last type of error or misunderstanding (M9) was that students were not able
to apply algebraic thinking to solve simple real-life problems, which is a precursor
skill for linear equations. Both example items 27 (Fig. 4.41) and 28 (Fig. 4.42)
were CR in format. In responding to these items, students were not expected to
formally write equations but to apply algebraic thinking to solve them. Two-thirds
of students on average across the five countries (and at least half in each country)
were not able to solve these problems correctly.

4.3.4 Gender Differences in Errors and Misunderstandings
Related to Linear Equations

On average across the five countries, there were not many significant gender dif-
ferences found on the set of items related to linear equations. Patterns in the percent
correct by gender (Table 4.38)24 and the percentage of students with specific errors
and misunderstanding by gender (Tables 4.39, 4.40, and 4.41, and Figs. 4.46, 4.47,
and 4.48)25 differed across countries and grade levels. Of the few gender differences
observed for linear equation items, more favored males than females.

24Table 4.38 displays the percent correct for female and male students for each mathematics item.
The corresponding percentages correct for all students are shown in Fig. 4.25, 4.26, and 4.27.
25Tables 4.39, 4.40 and 4.41 display the percentage of female and male students with each error or
misunderstanding in TIMSS Advanced, grade eight, and grade four, respectively. The accompa-
nying figures (Figs. 4.46, 4.47, and 4.48) provide graphical displays of the differences in the
percentage of female and male students at the corresponding grade level. The corresponding
percentages of students overall with the errors or misunderstandings are shown in Figs. 4.43, 4.44,
and 4.45.
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Table 4.38 Performance of female and male students on TIMSS and TIMSS Advanced
mathematics items, by country and grade level, 1999–2015

Item Year Percentage of students correct (%) 
Italy Norway Russian 

Federation 
Slovenia United States Average of 

countries 
Female Male Female Male Female Male Female Male Female Male Female Male 

TIMSS Advanced 
Item 1A 
Item 1B 
TIMSS grade 8 

Item 2 
Item 3 
Item 4 
Item 5 
Item 6 
Item 7 
Item 8 
Item 9 

Item 10 
Item 11 
Item 12 
Item 13 
Item 14 
Item 15 
Item 16 
Item 17 
Item 18 
Item 19 
Item 20 
TIMSS grade 4 
Item 21 
Item 22 
Item 23 
Item 24 
Item 25 
Item 26 
Item 27 
Item 28 

2015 16 
2015 17 

2007 20 19 19 18 22 17 29 32 38 37 25 25
2015 3 7 4 4 33 39 7
2015 3 6 0 1 34 38 3 6 19 16 12 13
2003 31 27 31 31 44 45 39 34 51 48 39 37
2015 2 1 13 10 7
1999
2015 40 40 
2015 39 39 24 19 59 63 39 30 58 53 44 41
2015 21 21 9 11 53 43 8
2015 51 50 33 28 53 49 54 55 42 41 47 44
2015 51 59 39
2015 58 57 42 39 67 74 60 57
2015 23 27 16 16 50 45 35 35 40 39 33 32
2003 14 15 3 3
2015 45 41 30 28 53 50 49 43 46 43
2007 33 
1999 45 40 
1999 45 45 
2003 50 53 42 39 67 71

2015 41 48 25 30 66 60 37 40 51 53 44 46
2007 21 23 9 9 26 21 6 9 22 23 17 17
2011 54 53 26
2015 59 59 48 47 82 79 61 54
2015 50 53 39 45 74 70 42 48 54 55 52 54
2007 62 66 47
2007 15 20 33 32 27 25 17
2015 16

25 60 62 34 45 28 47 61 54 39 47
29 43 42 29 44 32 49 41 40 32 41

12 21 26 14 18

13 14 13 30 32 13 14
50 40 ─ ─ 59 56 ─ ─ 58 52 56 49

42 27 58 63 47 43 65 63 50 47

14 43 45 27 27

49 66 77 67 62 79 76 61 65
78 72 61 60

44 33 10 8 20 20 18 16
45 41

45 27 28 56 57 45 43 63 61 45 46
─ ─ 67 65 ─ ─ 48 51 53 52
─ ─ 74 64 ─ ─ 58 58 59 56

58 48 67 70 57 56

37 65 62 38 42 63 65 49 52
70 63 64 60

61 67 60 59 62 63 62 60 62
23 27 26 24 25

24 20 27 33 36 21 24 23 24 23 27

Key 
Higher percentage (%) of females with item correct 
Higher percentage (%) of males with item correct 
No significant difference between females and males 

Notes Percent correct is the percentage of students receiving credit on each item. For MC and short
CR items (each worth one score point), this reflects the percentage of students who provided a
correct answer. For extended CR items, this reflects the weighted percentage of students receiving
full credit (2 points) or partial credit (1 point); Item 1 (parts A and B) was scored using an overall
scoring guide (shown in Fig. 4.28). The percent correct shown for 1A reflects all students who
answered part A correctly (codes 20 and 10 combined). The percent correct shown for 1B reflects
all students who answered part B correctly (codes 20 and 11 combined)

– Data not available (see Appendix for country-specific notes)
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Gender differences in percent correct were greatest on the TIMSS Advanced
items, with an average female-male difference of at least 8% in favor of boys on
both items (Table 4.38). However, this varied across countries, with significant
differences found in Italy, the Russian Federation, and Slovenia, but not in Norway
or the United States. In comparison, on average across the 19 items at grade eight,
significant female-male differences in item percent correct ranged from 4–7%, with
two items having measurably different performance that favored boys and two items
that favored girls. In all countries, there were two or three grade eight items with
significant gender differences. On average at grade four, only one of the eight items
had a significant item performance difference that favored males (by 4%). However,
in Norway, there were three items where the percent correct favored males.

The specific set of items with significant gender differences varied across
countries. None of the items had significant gender differences in all five countries,
but the two TIMSS Advanced items had significant gender differences in three
countries. In contrast, 12 of the 19 items at grade eight and five of the eight items at
grade four had significant gender differences in one or two countries.

Looking at the percent correct in each country, Italy had significant gender
differences that favored males on both items in TIMSS Advanced and one item each
at grade eight (item 17) and grade four (item 28); grade eight females in Italy
performed better on one item (item 7). Norway had one item at grade eight (item
12) and three items at grade four (items 23, 26, and 28) where males performed
better than females, and one item at grade eight (item 8) where females performed
better than males. The Russian Federation had significant gender differences in
favor of males on both items in TIMSS Advanced. In grade eight, there were two
items (items 6 and 12) where males performed better than females and two items
(items 15 and 19) where females performed better than males. There were no
significant gender differences on any grade four items in the Russian Federation.

Error Item Year Italy Norway Russian
Federa on

Slovenia United
States

Average of
countries

M1 Item 1B 2015

M2A Item 1A 2015

Female–male percentage difference (%)

Higher percentage (%) of females with error and misunderstanding
Higher percentage (%) of males with error and misunderstanding
No significant difference between females and males

9

12

3 12

15

19

18

–7

–2

7

8–1

Fig. 4.46 Gender differences in errors and misunderstandings about linear equations among
TIMSS Advanced students, 2015. Notes Mathematics errors and misunderstandings: M1 = not
able to use slope and intercept to provide an argument in support of the solution to a real-life
problem situation, M2A = not able to apply the procedure correctly to solve a real-life problem
situation
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Slovenia had both items in TIMSS Advanced, two items at grade eight (items 3 and
10), and one item at grade four (item 27) where males performed better than
females, and one item at grade eight (item 20) where females performed better than
males. In comparison, the United States was the only country with no items where
male performance was higher; there were two items at grade eight (items 7 and 13)
and one item at grade four (item 24) where females did better than males.

Gender differences in the percentage of students demonstrating errors or
misunderstandings were greatest for the TIMSS Advanced items (Table 4.39 and
Fig. 4.46), with an average female-male difference of 8–9% on items 1A and 1B,
ranging from 1 to 19% across countries. Significant differences were found on both
items in Italy, the Russian Federation, and Slovenia. In all of these cases, there were
higher percentages of females than males with these errors or misunderstandings.
There were no statistically significant gender differences on either item in Norway
and the United States.

At grade eight (Table 4.40 and Fig. 4.47), 19 items were included in the set. For
most of these items, the gender differences in the percentage of students with errors
and misunderstandings were found to be not significant. For each country, the items
exhibiting a gender difference varied from one item in Norway to five items in the
Russian Federation. With the exception of items 7 and 12, gender differences on all
other items were found in only one country. For item 7, there were greater per-
centages of male than female students with the misunderstanding in Italy (a dif-
ference of 5%) and the Russian Federation (a difference of 4%). For item 12 (error
M4B), there was a greater percentage of females than males with the misconception
in Norway and the Russian Federation (percentage differences of 10% and 11%,
respectively).

The United States was the only country with significant gender differences on
items 8 and 13 (misunderstanding/error M3B and M5), with both items having a
higher percentage of males with the misunderstanding/error (5–6%). In contrast, the
Russian Federation exhibited gender differences on five of the 19 items in the set.
Two items (6 and 12) showed a higher percentage of females in the Russian
Federation demonstrating the misunderstanding/error (M3A and M4B), and three
items (7, 15, and 19) showed a higher percentage of males demonstrating the
misconceptions assessed by these items (M3B, M5, and M6).

Italy exhibited gender differences for two of the 19 items. On item 7, 5% more
males than females had the misunderstanding (M3B), while on item 17, 12% more
females had the misunderstanding (M6). In Norway, only item 12 had a significant
difference, with 10% more females than males demonstrating the error (M4B).

In grade four there were few occurrences of significant gender differences related
to errors and misunderstandings across items and countries (Table 4.41 and
Fig. 4.48). In Italy and the Russian Federation, there were no significant gender
differences on any of the eight items included in the set at grade four. Both Slovenia
and the United States had one item each with significant gender differences. In the
case of Slovenia, there was a higher percentage of females than males on item 27
(9%) with misunderstanding M9. In contrast, in the United States, a higher per-
centage of males than females (7%) demonstrated misunderstanding M8 on item 24.

122 4 Results for Student Misconceptions …



T
ab

le
4.
40

Pe
rc
en
ta
ge

of
fe
m
al
e
an
d
m
al
e
gr
ad
e
ei
gh

ts
tu
de
nt
s
w
ith

er
ro
rs
an
d
m
is
un

de
rs
ta
nd

in
gs

ab
ou

tl
in
ea
r
eq
ua
tio

ns
,b

y
co
un

tr
y:

19
99

,2
00

3,
20

07
,a
nd

20
15 Er

ro
rs

 a
nd

 m
is

un
de

rs
ta

nd
in

gs
 

Ite
m

 
Y

ea
r 

Pe
rc

en
ta

ge
 o

f s
tu

de
nt

s w
ith

 e
rr

or
 o

r m
is

un
de

rs
ta

nd
in

g 
(%

) 
Ita

ly
 

N
or

w
ay

 
R

us
si

an
 

Fe
de

ra
tio

n 
Sl

ov
en

ia
 

U
ni

te
d 

St
at

es
 

A
ve

ra
ge

 o
f 

co
un

tri
es

 
Fe

m
al

e
M

al
e 

Fe
m

al
e

M
al

e 
Fe

m
al

e
M

al
e 

Fe
m

al
e

M
al

e 
Fe

m
al

e
M

al
e 

Fe
m

al
e

M
al

e 
Pe

rf
or

m
an

ce
 o

bj
ec

tiv
e 

2:
 In

te
rp

re
t t

he
 so

lu
tio

n 
to

 a
 sy

st
em

 o
f l

in
ea

r 
eq

ua
tio

ns
 to

 a
ns

w
er

 a
 q

ue
st

io
n 

or
 so

lv
e 

a 
pr

ob
le

m
 in

 r
ea

l l
ife

 c
on

te
xt

s 
M

2A
: N

ot
 a

bl
e 

to
 a

pp
ly

 th
e 

pr
oc

ed
ur

e 
co

rr
ec

tly
 to

 so
lv

e 
a 

re
al

-
lif

e 
pr

ob
le

m
 si

tu
at

io
n 

Ite
m

 2
 

20
07

 
77

78
76

77
73

77
71

65
 

62
61

72
71

M
2B

: N
ot

 a
bl

e 
to

 a
pp

ly
 th

e 
pr

oc
ed

ur
e 

co
rr

ec
tly

 to
 so

lv
e 

no
n-

co
nt

ex
tu

al
iz

ed
 p

ro
bl

em
s 

Ite
m

 3
 

20
15

 
97

93
96

96
67

61
93

88
 

79
74

86
82

Ite
m

 4
 

20
15

 
97

94
99

98
61

59
96

93
 

78
82

86
85

Ite
m

 5
 

20
03

 
69

73
69

69
56

55
61

66
 

49
52

61
63

Pe
rf

or
m

an
ce

 o
bj

ec
tiv

e 
3:

 In
te

rp
re

t t
he

 m
ea

ni
ng

s o
f s

lo
pe

 a
nd

 y
-in

te
rc

ep
t i

n 
lin

ea
r 

eq
ua

tio
ns

 o
r 

gr
ap

hs
. 

M
3A

: N
ot

 a
bl

e 
to

 re
la

te
 sl

op
e 

w
ith

 
ste

ep
ne

ss
 o

f a
 li

ne
 

Ite
m

 6
 

20
15

 
98

99
87

90
93

87
86

87
 

70
68

87
86

M
3B

: D
em

on
st

ra
te

s c
on

fu
si

on
 

be
tw

ee
n 

slo
pe

 a
nd

 in
te

rc
ep

t o
f a

n 
eq

ua
tio

n 
Ite

m
 7

 
19

99
 

9
14

─
─

5
9

─
─

12
14

9
12

Ite
m

 8
 

20
15

 
27

29
30

31
18

17
24

25
 

18
23

24
25

Ite
m

 9
 

20
15

 
26

28
26

33
12

10
21

20
 

22
21

21
22

Pe
rf

or
m

an
ce

 o
bj

ec
tiv

e 
4:

 R
el

at
e 

al
ge

br
ai

c 
eq

ua
tio

ns
 to

 th
ei

r 
gr

ap
hi

ca
l r

ep
re

se
nt

at
io

ns
 (a

nd
 v

ic
e-

ve
rs

a)
. 

M
4A

: N
ot

 a
bl

e 
to

 c
or

re
ct

ly
 id

en
tif

y 
th

e 
gr

ap
h 

of
 a

n 
eq

ua
tio

n 
Ite

m
 1

0 
20

15
 

79
79

91
89

47
57

92
86

 
57

55
73

73

M
4B

: N
ot

 a
bl

e 
to

 tr
an

sla
te

 
gr

ap
hi

ca
l r

ep
re

se
nt

at
io

ns
 in

to
 a

 
m

at
he

m
at

ic
al

 e
qu

at
io

n 
or

 v
er

ba
l 

de
sc

ri
pt

io
n 

of
 a

 li
ne

ar
 re

la
tio

ns
hi

p 

Ite
m

 1
1 

20
15

 
49

50
67

72
47

51
46

45
 

58
59

53
56

Ite
m

 1
2 

20
15

 
49

41
61

51
34

23
33

38
 

21
24

39
35

(c
on

tin
ue
d)

4.3 Mathematics Results 123



Fe
m

al
e

M
al

e 
Fe

m
al

e
M

al
e 

Fe
m

al
e

M
al

e 
Fe

m
al

e
M

al
e 

Fe
m

al
e

M
al

e 
Fe

m
al

e
M

al
e 

Pe
rf

or
m

an
ce

 o
bj

ec
tiv

e 
5:

 W
ri

te
 e

qu
at

io
ns

 to
 r

ep
re

se
nt

 si
tu

at
io

ns
 

M
5:

 N
ot

 a
bl

e 
to

 tr
an

sla
te

 v
er

ba
l 

de
sc

ri
pt

io
ns

 in
to

 a
 c

or
re

ct
 

m
at

he
m

at
ic

al
 e

qu
at

io
n 

Ite
m

 1
3 

20
15

 
42

43
58

61
33

26
40

43
 

22
28

39
40

Ite
m

 1
4 

20
15

 
77

73
84

84
50

55
65

65
 

60
61

67
68

Ite
m

 1
5 

20
03

 
86

85
97

97
56

67
90

92
 

80
80

82
84

Ite
m

 1
6 

20
15

 
55

59
70

72
47

50
51

57
 

54
57

55
59

Pe
rf

or
m

an
ce

 o
bj

ec
tiv

e 
6:

 G
iv

en
 p

ai
rs

 o
f n

um
be

rs
 in

 ta
bl

es
 o

r 
or

de
re

d 
pa

ir
s, 

ge
ne

ra
te

 a
n 

al
ge

br
ai

c 
eq

ua
tio

n 
of

 th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

tw
o 

va
ri

ab
le

s 
M

6:
 N

ot
 a

bl
e 

to
 tr

an
sl

at
e 

re
la

tio
ns

hi
p 

sh
ow

n 
in

 ta
bl

e 
fo

rm
 

in
to

 a
 m

at
he

m
at

ic
al

 e
qu

at
io

n 
Ite

m
 1

7 
20

07
 

67
55

73
72

44
43

55
57

 
37

39
55

54

Ite
m

 1
8 

19
99

 
55

60
─

─
33

35
─

─
52

49
47

48

Ite
m

 1
9 

19
99

 
55

55
─

─
26

36
─

─
42

42
41

44

Pe
rf

or
m

an
ce

 o
bj

ec
tiv

e 
7:

 G
iv

en
 p

ai
rs

 o
f n

um
be

rs
 in

 ta
bl

es
 o

r 
or

de
re

d 
pa

ir
s, 

ge
ne

ra
te

 a
 v

er
ba

l d
es

cr
ip

tio
n 

of
 th

e 
re

la
tio

ns
hi

p 
M

7A
: N

ot
 a

bl
e 

to
 g

en
er

at
e 

a 
co

rr
ec

t v
er

ba
l d

es
cr

ip
tio

n 
gi

ve
n 

a 
sp

ec
ifi

c 
re

la
tio

ns
hi

p 
in

 th
e 

fo
rm

 o
f 

or
de

re
d 

pa
irs

 

Ite
m

 2
0 

20
03

 
50

47
58

61
33

29
42

52
 

33
30

43
44

K
ey

 
H

ig
he

r p
er

ce
nt

ag
e 

(%
) o

f f
em

al
es

 w
ith

 e
rr

or
 o

r m
is

un
de

rs
ta

nd
in

g 
H

ig
he

r p
er

ce
nt

ag
e 

(%
) o

f m
al

es
 w

ith
 e

rr
or

 a
nd

 m
is

un
de

rs
ta

nd
in

g 
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

fe
m

al
es

 a
nd

 m
al

es
 

Er
ro

rs
 a

nd
 m

is
un

de
rs

ta
nd

in
gs

 
Ite

m
 

Y
ea

r 
Pe

rc
en

ta
ge

 o
f s

tu
de

nt
s w

ith
 e

rr
or

 o
r m

is
un

de
rs

ta
nd

in
g 

(%
) 

Ita
ly

 
N

or
w

ay
 

R
us

si
an

 
Fe

de
ra

tio
n 

Sl
ov

en
ia

 
U

ni
te

d 
St

at
es

 
A

ve
ra

ge
 o

f 
co

un
tri

es
 

N
ot
es

–
D
at
a
no

t
av
ai
la
bl
e
(s
ee

A
pp

en
di
x
fo
r
co
un

tr
y-
sp
ec
ifi
c
no

te
s)

(c
on

tin
ue
d)

124 4 Results for Student Misconceptions …



Error Item Year Italy Norway Russian
Federa on

Slovenia United
States

Average of
countries

M2A Item 2 2007

M2B Item 3 2015

M2B Item 4 2015

M2B Item 5 2003

M3A Item 6 2015

M3B Item 7 1999

M3B Item 8 2015

M3B Item 9 2015

M4A Item 10 2015

M4B Item 11 2015

M4B Item 12 2015

M5 Item 13 2015

M5 Item 14 2015

M5 Item 15 2003

M5 Item 16 2015

M6 Item 17 2007

M6 Item 18 1999

M6 Item 19 1999

M7A Item 20 2003

Female–male percentage difference (%)

Higher percentage (%) of females with error and misunderstanding
Higher percentage (%) of males with error and misunderstanding
No significant difference between females and males
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Fig. 4.47 Gender differences in errors and misunderstandings about linear equations among grade
eight students, 1999, 2003, 2007, and 2015. Notes Mathematics errors and misunderstandings:
M2A = not able to apply the procedure correctly to solve a real-life problem situation, M2B = not
able to apply the procedure correctly to solve non-contextualized problems, M3A = not able to
relate slope with steepness of a line, M3B = demonstrates confusion between slope and intercept
of an equation, M4A = not able to correctly identify the graph of an equation, M4B = not able to
translate graphical representations into a mathematical equation or verbal description of a linear
relationship, M5 = not able to translate verbal descriptions into a correct mathematical equation,
M6 = not able to translate relationship shown in table form into a mathematical equation,
M7A = not able to generate a correct verbal description given a specific relationship in the form of
ordered pairs. – Data not available (see Appendix for country-specific notes)
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Norway is the only country with a significant gender difference on two items (items
23 and 26) showing a higher percentage of females (11% and 14%, respectively)
demonstrating the misunderstandings (M7B and M8).

4.3.5 Patterns in Errors and Misunderstandings Related
to Linear Equations Over Time

In this section, we present the percentage of students in each country demonstrating
a specific type of error or misunderstanding over multiple assessment years for the
set of trend items at each grade level (Figs. 4.49 and 4.50). For the linear equations
topic, there were 10 trend items at grade eight and seven trend items at grade four,
but no trend items available for TIMSS Advanced. At both grades four and eight,
there were three items administered in three assessment years before they were
released, and all other items were administered for two assessment cycles.

Looking at grade eight (Fig. 4.49), the trend item data covered assessment years
1995, 1999, 2003, 2007, 2011, and 2015. There are some significant differences
across assessment years in the percentage of students in each country demonstrating
the specific types of errors or misunderstandings. Item 4 (administered in 2011 and
2015) measures error M2B (“not able to apply the procedure correctly to solve
non-contextualized problems”). This item shows a decrease of 4% of students

15

11

Female–male percentage difference (%)

Higher percentage (%) of females with error and misunderstanding
Higher percentage (%) of males with error and misunderstanding
No significant difference between females and males

Error Item Year Italy Norway Russian
Federa on

Slovenia United
States

Average of
countries

M7B Item 2 2015

M7B Item 22 2007

M7B Item 23 2011

M8 Item 24 2015

M8 Item 25 2015

M8 Item 26 2007

M9 Item 27 2007

M9 Item 28 2015 8
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Fig. 4.48 Gender differences in errors and misunderstandings about linear equations among grade
four students, 2007, 2011, and 2015. Notes Mathematics errors and misunderstandings:
M7B = not able to generate a correct verbal description given a specific relationship shown in
table form, M8 = not able to identify a correct set of numbers that follow a given relationship/rule,
M9 = not able to apply algebraic thinking to solve simple real-life problems involving unknowns
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JFig. 4.49 Trends in the percentage of grade eight students with errors and misunderstandings about
linear equations, 1995–2015. Notes Mathematics errors and misunderstandings: M2A = not able to
apply the procedure correctly to solve a real-life problem situation, M2B = not able to apply the
procedure correctly to solve non-contextualized problems, M3A = not able to relate slope with
steepness of a line, M3B = demonstrates confusion between slope and intercept of an equation,
M4A = not able to correctly identify the graph of an equation, M4B = not able to translate graphical
representations into a mathematical equation or verbal description of a linear relationship, M5 = not
able to translate verbal descriptions into a correct mathematical equation, M6 = not able to translate
relationship shown in table form into a mathematical equation, M7A = not able to generate a correct
verbal description given a specific relationship in the form of ordered pairs. *Significantly different
from most recent assessment cycle. a1995 trend data for Italy are not available for items 7, 19, and 20.
b1999 trend data for Norway are not available for items 7, 19, and 20. c1999 trend data for Slovenia
are not available for items 7, 19, and 20. dThe average of countries for each cycle is calculated using
all countries that participated in a given year. Because not all countries have data for each cycle of
TIMSS, the average for countries for each year may include a different set of countries and is
therefore not directly comparable to other years. In some cases, countries have data for only one year,
so their data are not shown in the trend graphs for individual countries, but their data are included in
the average of countries for that particular year (see Appendix for country-specific notes)

making the error in the United States in 2015 in comparison to the previous
assessment cycle in 2011.

Item 6 (administered in 2011 and 2015) measures misunderstanding M3A (“not
able to relate slope with steepness of lines”), and the trend data for this item show
an increase in the percentage of students demonstrating this misunderstanding over
time for students in Italy (4%) and the Russian Federation (7%), but a decrease for
the United States (9%), Norway (5%), and Slovenia (8%). Item 7 (administered in
1995 and 1999) measures the related misunderstanding M3B (“demonstrates con-
fusion between slope and intercept of an equation”). Trend data are available for
only two countries, the Russian Federation and the United States. The percentage of
students demonstrating this misunderstanding did not change between 1995 and
1999 for either country.

Item 10 (administered in 2011 and 2015) measures error M4A (“not able to
correctly identify the graph of an equation”). The percentage of students making
this error decreased by 7% in the United States. Another related error M4B (“not
able to translate graphical representations into a mathematical equation or verbal
description of a linear relationship”) was measured by item 11 (administered in
2007, 2011, and 2015). The trend data for this item show no change in the per-
centage of students demonstrating the error from 2011 for all countries. However,
for Norway and the United States, the percentage of students demonstrating the
misconception increased after the 2007 cycle of TIMSS.

Item 13 (administered in 2007, 2011, and 2015) and item 16 (administered in
2011 and 2015) both measure error M5 (“not able to translate verbal descriptions
into a correct mathematical equation”). For item 13 (“formula for K the cost of
trip”), the general trend was a decrease in the percentage of students demonstrating
this error in 2015 from the previous two assessment years (based on the average
percentage across the five countries). However, in Italy and Norway, the percentage
appeared to increase between 2007 and 2011 and then decrease between 2011 and
2015 (though the differences were not statistically significant). For item 16 (“set up
system of equations”), the difference in the percentage of students did not change
between 2011 and 2015.
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Item 17 (administered in 2003 and 2007) and item 19 (administered in 1995 and
1999) both measure misunderstanding M6 (“not able to translate relationship shown
in table form into a mathematical equation”). Trend data for item 17 show no
statistically significant difference in the percentage of students demonstrating this
misunderstanding from 2003 to 2007. For item 19, trend data were only available for
the Russian Federation and the United States. On this item, the percentage of stu-
dents demonstrating the misunderstanding decreased between 1995 and 1999 by
10% in the United States and was not statistically different in the Russian Federation.

Item 20 (administered in 1995, 1999, and 2003) measures misunderstanding
M7A (“not able to generate a correct verbal description given a specific relationship
in the form of ordered pairs”). For this item, complete data for three assessment
cycles were only available for the Russian Federation and the United States. In
contrast, data for Italy are available for 1999 and 2003 and data for Norway and
Slovenia are available for 1995 and 2003. The available data show that the per-
centage of students with this misunderstanding increased over time in Norway (by
12%) and Slovenia (8%), but decreased in the United States (by 5%).

At grade four, the trend item data covered assessment years 2003, 2007, 2011, and
2015 (Fig. 4.50). Again, at grade four, there were some significant differences over
time in the percentage of students demonstrating the misunderstandings. Item 21
(administered in 2007, 2011, and 2015), item 22 (administered in 2003 and 2007),
and item 23 (administered in 2003, 2007, and 2011) all measure misunderstanding
M7B (“not able to generate a correct verbal description given a specific relationship
shown in table form”). In general, across countries the data show a decrease in
students having this misunderstanding. Trend data for item 21 show a significant
decrease in the percentage of Slovenian students showing the misunderstanding from
2007 to 2015 (by 7%). On item 22, the percentage of students having this misun-
derstanding decreased from 2003 to 2007 in the Russian Federation (by 15%) and the
United States (by 7%). Similarly, in the case of item 23, the percentage of students
having this misunderstanding decreased significantly between 2003 and 2011, by 8%
in Italy, and by 11% in the Russian Federation and the United States.

Item 24 (administered in 2007, 2011, and 2015) and item 26 (administered in 2003
and 2007) measure misunderstanding M8 (“not able to identify a correct set of numbers
that follow a given relationship/rule”). Trend data for item 24 show some interesting
patterns over these three points in time. The percentage of students showing this
misunderstanding decreased consistently over time in Norway (by 12%), the Russian
Federation (16%), and Slovenia (7%). Trend data for item 26 show that the percentage
of students with this misconception generally decreased from 2003 to 2007, with
significant decreases in Slovenia (by 13%) and the Russian Federation (14%).

Item 27 (administered in 2003 and 2007) and item 28 (administered in 2011 and
2015) measure misunderstanding M9 (“not able to apply algebraic thinking to solve
simple real-life problems involving unknowns”). Trend data for item 27 showed that the
percentage of students demonstrating the misunderstanding decreased from 2003 to
2007 in the Russian Federation (by 11%) and was not significantly different over time in
the other countries. Data for item 28 showed that the percentage of students with this
misconception decreased from 2011 to 2015 only for Slovenia (by 6%).
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Italy Norway

Russian Federa on Slovenia

United States Average of countries

● Item 21 (M7B) – 2007, 2011, 2015 ♦ Item 26 (M8) – 2003, 2007
● Item 22 (M7B) – 2003, 2007 ♦ Item 27 (M9) – 2003, 2007
● Item 23 (M7B) – 2003, 2007, 2011 ■ Item 28 (M9) – 2011, 2015
♦ Item 24 (M8) – 2007, 2011, 2015
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Fig. 4.50 Trends in the percentage of grade four students with errors and misunderstandings
about linear equations, 2003–2015. Notes Mathematics errors and misunderstandings: M7B = not
able to generate a correct verbal description given a specific relationship shown in table form,
M8 = not able to identify a correct set of numbers that follow a given relationship/rule, M9 = not
able to apply algebraic thinking to solve simple real-life problems involving unknowns.
*Significantly different from most recent assessment cycle. aTIMSS was not administered in 1999
at grade four
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4.3.6 Summary of Mathematics Results

We have reported students’ performance on the set of items related to linear equations
across countries at each grade level (TIMSS Advanced, grade eight, and grade four;
Sect. 4.3.1), patterns in student errors and misunderstandings across countries and
grade levels (Sects. 4.3.2 and 4.3.3), gender differences in these errors and misun-
derstandings (Sect. 4.3.4), and trends over multiple assessment years (Sect. 4.3.5).
The frequency of specific types of student errors and misunderstandings at each grade
level varied across the five countries included in the study. In each country, and at
each grade level, there were some errors and misunderstandings that were demon-
strated by at least 50% of the students. There were some gender differences at all
three grade levels. Most of the measurable gender differences favored males (i.e., a
smaller percentage of males than females demonstrated the error or misunderstanding
measured by the item), but there were some that favored females (primarily at grade
eight). Performance on trend items administered in multiple assessment years showed
that the frequency of certain student errors and misunderstandings changed over time.
Performance on grade eight items showed a decrease for some errors and misun-
derstandings and an increase for others in some countries. Some measurable
decreases were also observed at grade four, but, in contrast to grade eight, there were
no items that showed an increase in the percentage of students demonstrating the
error or misunderstanding.
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