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EARLY MATHEMATICS INTERVENTIONS: 
Supporting young children with  

low performance in mathematics

A range of mathematical skills is needed in everyday life. For 
most of us, applying mathematical skills is an easy routine, 
but for some people, these tasks are extremely challenging. For 
example, while shopping, knowing that a 50% discount means 
the same as getting the item for half price makes the calcu-
ODWLRQ�RI� WKH�ÀQDO�SULFH�TXLWH�HDV\�²�SUHVXPLQJ�WKDW�\RX�XQ-
derstand what the concept of half means, and that you know 
how to divide the price by two. Another example comes from 
travelling. In order to travel from A to B on time, you need to 
know how to read timetables and tell the time, and estimate 
the total time needed for travelling. Cooking, on the other 
KDQG��UHTXLUHV�XQGHUVWDQGLQJ�PHDVXUHV�XVHG�LQ�UHFLSHV��+RZ�
PXFK�LV�RQH�KXQGUHG�JUDPV�RI�EDFRQ"�:KDW�DERXW�RQH�TXDUWHU�
of a teaspoon? What if the recipe is for four persons, but there 
are six people coming for dinner? Do they just get smaller por-
tions, or should you do some calculations with the measures 
in your recipe? Furthermore, a growing body of technologi-
cal applications provide us with numerical data.  For instance, 
you can track your sport activities. But without understanding 
the numbers, they may just be meaningless symbols.

$ERXW� �� WR� �� �� RI� WKH� SRSXODWLRQ� KDYH� VHYHUH� GLFXOWLHV� LQ�
mathematics, namely mathematics learning disability, also 
called dyscalculia. Even though these people show average 
intelligence and have received good mathematics education, 
WKH\�KDYH�VHYHUH�GLFXOWLHV� LQ�EDVLF�PDWKHPDWLFDO� VNLOOV��HV-
pecially in arithmetic. Instead of being able to give the right 
DQVZHU�WR�DQ�DULWKPHWLF�SUREOHP�VXFK�DV�������RU����²���TXLFNO\��
they use slower and error prone strategies, for instance count-
LQJ�ZLWK� WKH�KHOS�RI� WKHLU�ÀQJHUV��+DYLQJ�SUREOHPV� LQ�EDVLF�
mathematical skills makes it challenging to cope in every-
GD\� VLWXDWLRQV� WKDW� UHTXLUH� XVLQJ� DQG� DSSO\LQJ� PDWKHPDWL-
cal skills, be it at school, at work, or during spare time. Even 
PLOGHU�PDWKHPDWLFV�GLFXOWLHV�RIWHQ�KDYH�D�QHJDWLYH�LPSDFW�
on learning more complex mathematics. In the school context, 
in every classroom of around twenty students, there are about 
IRXU� WR� ÀYH� VWXGHQWV� ZKR� KDYH� VLJQLÀFDQWO\� ZHDNHU� PDWK-
ematical skills compared to their peers, one of them having 
VHYHUH�GLFXOWLHV�
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There is already a wide variation in children’s 
early mathematics performance before formal 
VFKRROLQJ��7KH�LQÁXHQFH�RI�HDUO\�PDWKHPDWLFDO�
skills seems to be strong in predicting mathe-
matics development. The longitudinal studies 
show that children, who perform low in their 
early mathematical skills, often show low per-
formance also later on, and the achievement 
gap between them and their average perform-
ing peers also widens. 

During their early childhood years, most chil-
dren learn mathematical skills that will provide 
a foundation for their later, more advanced 
mathematics learning. Current research sug-
gests that the foundation for mathematics de-
velopment is grounded in a nonverbal number 
VHQVH�� LGHQWLÀHG� DV� WZR� V\VWHPV� IRU� WUDFNLQJ�
TXDQWLW\��6XELWLVLQJ��DQ�H[DFW�QXPEHU�V\VWHP�IRU�
VPDOO� TXDQWLWLHV�� DOORZV� IRU� IDVW� DQG� H[DFW� UHF-
RJQLWLRQ�RI�VPDOO�TXDQWLWLHV��VXFK�DV�VHHLQJ�WKH�
number of dots on the dice without counting 
one-by-one. The approximate number system 
KHOSV� XV� WR� HVWLPDWH� ODUJH� TXDQWLWLHV� DSSUR[L-
PDWHO\�� IRU� H[DPSOH�� \RX� FDQ� TXLFNO\� VD\� WKDW�
there are more blue dots (50) than yellow dots 
(30) in the picture. Furthermore, children learn 
WR�PDNH�DVVRFLDWLRQV�EHWZHHQ�TXDQWLWLHV��QXP-
ber words and number symbols. For instance 
QXPEHU�ZRUG�¶ÀYH·�FDQ�EH�DVVRFLDWHG�ZLWK�ÀYH�
ÀQJHUV�RU�WKH�QXPEHU�V\PERO�ÀYH�

7KH�RQO\�ZD\�WR�GHÀQH�TXDQWLWLHV�DFFXUDWHO\�LV�
to use counting with language. Verbal count-
LQJ� UHIHUV� WR� SURGXFLQJ� D� VHTXHQFH� RI� QXPEHU�
words, such as ‘one’, ‘two’, ‘three’ and so on. In 
object counting, the number of objects in a set 
LV�GHÀQHG�ZLWK�WKH�KHOS�RI�YHUEDO�FRXQWLQJ�� ,Q�
order to get a correct answer to a ‘How many?’ 
problem, the child also needs to know some 
counting principles. For instance, pointing and 
saying only one number word for one object, 
knowing that each object can be counted only 
once, and that the last number word said out 
loud represents the total number of objects.

By learning counting skills, children are able 
WR�FRPSDUH� WKH�GLͿHUHQFH�EHWZHHQ� WZR�VHWV�RI�
TXDQWLWLHV� DFFXUDWHO\�� 2UGHULQJ� VNLOOV� HQDEOH�
FKLOGUHQ� WR� DUUDQJH� TXDQWLWLHV� DQG� QXPHUDOV�
in order, for example from the smallest to the 
biggest number. Estimation is a process of solv-
ing a problem, in which a rough evaluation of a 
TXDQWLW\�RU�QXPEHU�LV�QHHGHG��)RU�H[DPSOH��HV-
timation can involve approximating the answer 
to a measurement problem, such as how many 
kilometres it is to school.

Early addition and subtraction skills include op-
HUDWLQJ� ÀUVW� ZLWK� VPDOO� QXPEHUV� XVLQJ� ÀQJHUV�
DQG�REMHFWV��DQG�XVLQJ�GLͿHUHQW�YHUEDO�FRXQWLQJ�
VWUDWHJLHV�WR�ÀQG�WKH�DQVZHU�WR�D�SUREOHP��/DWHU��
more developed strategies, such as retrieving 
WKH�DQVZHU�TXLFNO\�IURP�WKH�PHPRU\�RU�GHULY-
ing the answer through known facts, are used. 

7KLV� WKHVLV� IRFXVHG� RQ� LQYHVWLJDWLQJ� WKH� HͿHF-
tiveness of early mathematics interventions for 
children performing low in mathematics. Inter-
YHQWLRQ�ZDV�GHÀQHG�DV�D�SODQQHG�PRGLÀFDWLRQ�
of the environment, done for the purpose of al-
WHULQJ�EHKDYLRXU�LQ�D�SUH�VSHFLÀHG�ZD\��,Q�WKH�
context of early mathematics interventions, this 
PHDQV� LPSOHPHQWLQJ� D� VSHFLÀF� PDWKHPDWLFV�
SURJUDPPH�IRU�D�VSHFLÀHG�JURXS��LQ�D�VSHFLÀHG�
time frame and of certain intensity, in order to 
improve mathematics performance. The goal of 
the early mathematics interventions is to boost 
early skills, so that these skills allow children to 
understand better the concepts and procedures 
needed to attain more complex mathematics 
later on. 

To be considered as evidence-based, interven-
tion should undergo a well-designed and ro-
bustly implemented experimental study. This 
means conducting a systematic experiment 
with methods that have proved valid, and reli-
able data, a thorough data analysis, and a de-
tailed description of the participants, setting 
and methodology. In addition, a study has to be 
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accepted by an objective review such as a peer-
reviewed journal. Based on the evidence gath-
ered from the studies concerning one particular 
LQWHUYHQWLRQ�� LWV� HͿHFWLYHQHVV� FDQ� EH� UDWHG�� IRU�
instance, as having a positive, mixed or nega-
WLYH�HͿHFW��LQ�RUGHU�WR�JXLGH�HGXFDWRUV�LQ�FKRRV-
LQJ�WKH�PRVW�HͿHFWLYH�LQWHUYHQWLRQ�IRU�WKHLU�XVH�

To complement and extend previous research 
LQ�WKH�ÀHOG�RI�HDUO\�PDWKHPDWLFV�LQWHUYHQWLRQV��
four studies were conducted. One of the stud-
ies focused on reviewing early mathematics in-
terventions, and the other three were targeted 
RQ� LQYHVWLJDWLQJ� WKH� HͿHFWLYHQHVV� RI� WZR� HDUO\�
mathematics intervention programmes. In the 
IROORZLQJ��WKH�PDLQ�ÀQGLQJV�RI�WKHVH�VWXGLHV�DUH�
presented. 

Study one reviewed early mathematics inter-
ventions aimed at 4 to 7 year old children. In the 
majority of the interventions, the mathematical 
skills of the participating children improved 
more than the skills of the children in control 
groups. Progress in mathematics learning was 
evident when instruction included one or more 
of the following instructional features: explicit 
instruction, peer-assisted instruction, concrete-
UHSUHVHQWDWLRQDO�DEVWUDFW� VHTXHQFH�� FRPSXWHU�
assisted instruction or playing mathematics 
games. Explicit instruction means that math-
ematics concepts and strategies are modelled 
for children step-by-step, and this is followed 
by opportunities for guided and independent 
practice, and continuous feedback. Peer-assist-
ed instruction involves pairs of students work-
ing collaboratively, and enables peers to provide 
an answer or suggestions that help them solve 
the problem. The concrete-representational-
DEVWUDFW�VHTXHQFH�LV�D�WKUHH�SKDVH�SURFHVV�WKDW�
LQYROYHV�ÀUVW�XVLQJ�FRQFUHWH�REMHFWV��JUDGXDOO\�
advancing to pictures that represent objects, 
DQG�ÀQDOO\�WR�WKH�DEVWUDFW�OHYHO�XVLQJ�QXPEHUV�
and symbols. Playing mathematical games ei-
ther as board games or on the computer were 
DOVR�IRXQG�WR�EH�EHQHÀFLDO��

In the second study, RightStart Mathematics 
instruction was provided for kindergartners in 
general education classrooms. First, the mate-
rial was translated into Finnish. Kindergarten 
teachers used RightStart Mathematics approxi-
mately twice a week during seven months, and 
it replaced the typical mathematics instruction 
provided. Children’s mathematical skills were 
measured before the instruction phase and im-
mediately after the instruction phase, and in 
WKH�ÀUVW�JUDGH��7KH�UHVXOWV�VKRZHG�WKDW�5LJKW-
6WDUW� LQVWUXFWLRQ�ZDV�DV�HͿHFWLYH�DV�WKH�W\SLFDO�
Finnish kindergarten mathematics instruction 
received in the control groups. The counting 
skills of the initially low-performing children 
improved to the level of their typically per-
IRUPLQJ�SHHUV��)ROORZ�XS�LQ�WKH�ÀUVW�JUDGH�UH-
YHDOHG� SHUIRUPDQFH� GLͿHUHQFHV� EHWZHHQ� WKH�
initially low- and typically performing children,  

+
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highlighting the importance of remaining con-
tinuously aware of the children’s mathematics 
performance level, and of providing them with 
opportunities for slowing down and practicing 
skills that are challenging.

&KLOGUHQ� ZLWK� VSHFLÀF� ODQJXDJH� LPSDLUPHQW��
6/,�� RIWHQ� KDYH� GLFXOWLHV� LQ� OHDUQLQJ� PDWKH-
matics. Surprisingly, there are hardly any math-
ematics interventions targeted for this group of 
children. In the third study, RightStart Math-
ematics instruction was provided for children 
with SLI, in special education classrooms. The 
study procedure was similar to that of the sec-
ond study. Children with SLI began their kin-
GHUJDUWHQ�\HDU�ZLWK�VLJQLÀFDQWO\�ZHDNHU�HDUO\�
mathematics skills compared to their normal 
language-achieving peers. After the interven-
tion phase, the counting skills of children with 
SLI had improved to the level of their peers 
ZLWKRXW�ODQJXDJH�LPSDLUPHQW��,Q�WKH�ÀUVW�JUDGH�
follow-up, the children with SLI performed sim-
ilarly to their peers in addition and subtraction 
accuracy skills and multi-digit number compar-
ison, but showed weaker skills in arithmetical 
reasoning and in matching spoken and printed 
multi-digit numbers. 

At the moment, there is a lack of research-based 
mathematics programmes in Finland. In study 
four, an intervention programme Improving 
Mathematics Skills in the Second Grade was 
GHYHORSHG�� ,WV� HͿHFWLYHQHVV� IRU� VHFRQG� JUDG-
HUV� LGHQWLÀHG�DV�SHUIRUPLQJ�ORZ�LQ�PDWKHPDW-
ics was examined. Intervention was given in 
VPDOO� JURXSV� RI� ÀYH� WR� VL[� FKLOGUHQ�� LQ� WZHOYH�
45-minute sessions over eight weeks. Mathe-
matics skills were measured three times: before 
the intervention phase, and immediately and 
three months after the intervention phase. A 
two-month training, concentrating on counting 
skills and conceptual place value knowledge, 
did not improve the mathematics skills of the 
second graders participating in the interven-
tion more than those of the low-performing 
children in the control group. However, this 
study provided valuable information about the  

functionality of the programme’s intensity and 
content that can be taken into consideration in 
future development work.

This thesis provides several theoretical and 
practical implications. The results indicate that 
rather than waiting for children to fail in math-
ematics, mathematics interventions can be used 
successfully to promote the early mathematics 
skills of children with low performance, already 
before the onset of formal schooling and in the 
early grades. Therefore, I argue that identifying 
low performance in mathematics and provid-
LQJ� VXFLHQW� VXSSRUW� VKRXOG� EH� HPSKDVLVHG�
already in early childhood education, in order 
to reduce the emergence of mathematics learn-
LQJ� GLVDELOLW\� ODWHU� RQ�� (ͿHFWLYH� LQVWUXFWLRQDO�
features in mathematics, such as explicit in-
VWUXFWLRQ�� ZHUH� LGHQWLÀHG�� 7KHVH� FDQ� EH� XVHG�
in mathematics instruction for young children 
with low performance in mathematics. Further-
PRUH��WKH�HͿHFWLYHQHVV�RI�WZR�PDWKHPDWLFV�SUR-
JUDPPHV�ZHUH�LQYHVWLJDWHG��IRU�WKH�ÀUVW�WLPH�LQ�
Finland. In future intervention studies, more at-
tention should be paid to having larger sample 
VL]HV��XVLQJ�DFWLYH�FRQWURO�JURXSV�LQ�DGGLWLRQ�WR�
SDVVLYH�RQHV��DQG�HVSHFLDOO\�WR�WKH�ÀGHOLW\�LVVXH��
This means that observations, such as video re-
cordings, should be made in the classrooms, in 
RUGHU�WR�ÀQG�RXW�LI�WKH�WHDFKHUV�LPSOHPHQW�WKH�
intervention programme as initially intended.

Using follow-up measures in intervention stud-
ies provided a longitudinal approach for ex-
DPLQLQJ� WKH� HͿHFWLYHQHVV� RI� WKH� LQWHUYHQWLRQV��
which has been rather neglected in previous 

After the intervention 
phase, the counting skills 
of children with SLI had 
improved to the level 
of their peers without 
language impairment.
”
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mathematics intervention studies. Finally, this 
thesis demonstrated the complexity of inter-
SUHWLQJ� DQG� FRPSDULQJ� WKH� HͿHFWV� RI� GLͿHUHQW�
interventions, and conducting interventions in 
kindergartens and in schools. These were most-
ly related to methodological issues, such as, the 
type of reference group and participants, and 
the measures used. There were also practical 
issues that have to be taken into consideration 
ZKLOH� GRLQJ� ÀHOG� UHVHDUFK� LQ� VFKRROV� WRJHWKHU�
with teachers, such as training teachers to use 
assessment and intervention materials. 

Educators  should have easy access to math-
ematics intervention programmes that have 
been shown to improve mathematics learning 
outcomes. However, it takes time to include 
evidence-based practice in everyday school 
practice, because developing and investigating 
WKH�HͿHFWLYHQHVV�RI�DQ�LQWHUYHQWLRQ�SURJUDPPH�
is a slow research process. There is evidently a 
need for evidence-based mathematics interven-
tion programmes in Finnish kindergarten and 
school practice, and therefore, further interven-
WLRQ�VWXGLHV�LQ�WKLV�ÀHOG�DUH�QHHGHG�
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