Mathematical Problems Stated and Solved

Nations Reporting Data: Australia, the Czech Republic, Hong Kong SAR, Japan, the
Netherlands, and the United States

The Third International Mathematics and Science Study (TIMSS) 1999 Video Study
examined classroom teaching practices through in-depth analysis of videotapes of eighth-
grade mathematics and science lessons in Australia, the Czech Republic, Hong Kong
SAR, Japan, the Netherlands, Switzerland,1 and the United States. This study looks at all
problems presented during the mathematics lessons (about 15,000 problems were
analyzed in the study) and computes the percentage of given problems per lesson. The
problem statements and mathematical processes identified in the study are defined in the
Definition and Methodology section of this indicator.

In all reporting nations except Japan, at least 57 percent of the problem statements per
eighth-grade mathematics lesson focused on using procedures (figure 1). Hong Kong
SAR lessons contained a larger percentage of problem statements classified as using
procedures (84 percent) than all the other nations except the Czech Republic. Although
mathematics lessons in all the nations included problem statements that focused on
making connections, the lessons from Japan contained a larger percentage of these
problems (54 percent) than Australia, the Czech Republic, Hong Kong SAR, and the
United States (range from 13 to 17 percent).

A key aspect of this analysis involved following each problem from its introduction
through the problem statement to its conclusion as the solution was stated publicly. A key
question was whether the same kinds of mathematical processes implied by the problem
statement were made explicit when solving the problem or whether the nature of the
processes changed as the problem was being solved and discussed publicly.

In Australia, the Czech Republic, and the United States, 33 to 36 percent of problems per
eighth-grade mathematics lesson, on average, were completed by giving results only
(meaning that the public work consisted solely of stating the answer to the problem
without any discussion of how or why it was attained) (figure 2). These were larger
percentages than those found in the other three nations. Giving results only occurred least
frequently in Japanese lessons. Using procedures ranged from 27 to 55 percent of
problems per lesson across all nations, and was found for a higher percentage of
problems in the United States than in the Czech Republic, Japan, and the Netherlands.
From 8 to 33 percent of problems per lesson were solved and discussed publicly by
stating concepts, with the smallest percentage occurring in the United States. A higher
percentage of problems per lesson were solved publicly through making connections in
Japanese lessons (37 percent) than in Australia, the Czech Republic, Hong Kong SAR,
and the United States (range from 1 to 12 percent). Australian and U.S. lessons contained
the smallest percentages of problems implemented as making connections (2 percent and
1 percent of problems per lesson, respectively).

! Switzerland was not included in this analysis because English transcripts were not available for all lessons
as some of the coding was conducted in Switzerland



Definition and Methodology

The three types of problem statements were defined as follows:

Using procedures: Problem statements that suggested the problem was typically solved
by applying a procedure or set of procedures.

Stating concepts: Problem statements that called for a mathematical convention or an
example of a mathematical concept.

Making connections: Problem statements that implied the problem would focus on
constructing relationships among mathematical ideas, facts, or procedures. Often, the
problem statement suggested that students would engage in special forms of
mathematical reasoning such as conjecturing, generalizing, and verifying.

Categories of mathematical processes for solving problems were the three types of processes
defined for problem statements plus an additional category defined as follows:

Giving results only: The public work consisted solely of stating an answer to the problem
without any discussion of how or why it was attained.

For convenience, Hong Kong SAR is referred to as a nation. Hong Kong is a Special
Administrative Region (SAR) of the People’s Republic of China.



Figure 1. Average percantage of problems per eighth-grade mathemalics lesson of each

problem statement fypa, by nofion: 1999
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Intermational Mathematics and Science Stady (TIMES), Video Study, 1939,



Figure 2. Averoge percentage of problems per elghth-grode mathemofics lesson solved by
explicitly using processes of each typa, by nofion: 1998
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' Tnpanese mathemsatics data were collected in 1995,

“AL=Australin; CF=Crech Republic; HE-Hong Kong SAR; JIP=Japan; ML ~Netherlands; and
Lis=Lhained Suates.

"Making conmections: UF, HE, ML=ALL US; IP=ALL CF, HK, 1S,

*Ht:llinp, concepis: ALL CF, HE, IP=LIS; MLACE, LS.

Sl..':u:lg procedures: HE=1P; US=CF, TP, ML,

“Criving results only: ALL CF, US=HE, 1P, NL; HE, NL=JP.

MOTE: Analvses only include prohlems with o publicly presented solubon. Analvses do ned
melnde answerad-only problems (e, problems that were completad proe 1o the videstaped
begson aud only their answers were shared . For each mation. average percentage was caboulated
a5 Ehe sum of the perceninse within anch lesson, divided by the number of lessons. Enghish
transeriptions of Swiss lessons were ool avadlable for mathematical processes analyses.
Significance wets adjusied for multiple comparisoms. Detail may not sum o totals becamse of
rounding.

SONTRCE: LS, Depariment of Education. Mationa] Center for Edwucation Siatistics, Third
lnternatienal Mathematics and Science Study | TIMSS ), Video Sidy, 1999



Table A-1. Awverage percentage of problems per eighth-grade mathemdatics lesson of each problem
statement fype, by nofion: 1288

Making connections Sinting concepts? Using procedures®
Nation® Percentage S.e. Parcentage S, Parcantage S.e.
Australia 13 2.7 4 61 5.3
Czech Republic 16 2.3 7 L& 7oAl
Hong kong 13 26 4 0.8 #4 27
lapan 54 843 5 1A 41 &3
Metherlands 24 Al 18 &7 57 &7
Linited States 17 29 13 2.1 69 3.3

_'Jupmr.:sc miathenuatics data were collectad in 19495,

“AL=Australing CF=Crach Republic; HE ~Homg Kong 3AR; 1P=lapan; NL=MNetherlands; and
L= Lnite] Sates.

*sfakinng connections: JP=ALl CF. K. US,

Sinting concepis: A=, HE, JP; WL, US=HE, JP.

Vsing procedures: CF=IP, ML; HE=ALL P, KL, US; US=]P,

BOTE: Arsalyaes do oot inelude answered-only problems (e, probless that were complited
priot o il videotaped lesson and caly their answers were shared . For each nation. average
percentage was calculabed as the sum of the percentage within each lesson, divided by the number
of lessons. English trnsenplions of Swiss lessons wens not available for matbematveal processes
analysea, Signilicance teats adjusted o multiple comparnsons. Detail nwy ot s o otals
heause of rounding, S.e, means standard ermror,

SCHIRCE: LS. Department of Bducation, Mational Center for Education Statistics, Third
Intenssticma] Mathemates mxl Scwence Sy (TIMES), Vidoo Snody, 19905,

Table A-2. Average percenfoge of problems per eighth-grade mathematics lesson solved by explicilly using processes of
each fype, by nafion: 1999

Making connectians® Staling concapts® Using procedures® Glving rarsults only®
Nation® Percentage  S.e, Percentage  S.e, Percentoge  Se Percentage  S.e
Australia 2 08 IR 41 50 EE Y
Czech Republic 1 1.4 19 1.8 Y. B 13 14
Hong Kong 12 2.0 4 18 48 2% 15 2.3
Japan® 7 G4 15 4.8 27 3% 13
Methetlands 22 48 240 38 4.2 1
United States 105 81 55 3. KT N

Japanese mathematics data were collectad in 1995,
*All=Australin; CZ~Carech Republic; HK=Hong Kong SAR: JP=lnopan; ML-Metherlonds; and
IS =TImited Stabes.
Jh]i.lhll,.\_{l.‘\ll.‘llh.ﬂ.‘l.lmlsl CF, HE, ML=ALL LS IP=All, CF, HK, US.
‘Suating concepts: AL, CZ HE, JP=US: NL=CZ, U5,
*Using procedures: HE=0P; US=CF, 11, WL
"l'.i'l\'ulg results cndy: AL CF US=HE, JF ML; HE, NL=JP.
MOTE: Analyses only isclide problems witl o poblicly preseoted soluion. Analyses do oot iclode -answered only problems (e, problems that
were completed prior to the videctnped Fesson and anly their answers were shorad b For sach vation, averngs percentage was caleulated
as the sum of the percentage within each lesson, divided by the nomber of lessons. English tramscnptions of Swiss hessons were not available for
nuithernatical processes analyses. Signifcance tesis adysied for muluple conparnisons. Dol may not sum o olals becanse of mounding.
S means standard eror,

SOURCE: LS. Department of Education, National Center for Education Statistics, Third Intemational Mathematics and Science Study
(TIMSS), Wideo Study, 1999,
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