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Research reviews show that formative assessment has great potential for raising
student achievement in general, but there is a need for reviews of formative assess-
ment in individual subjects. This review examines its impact on student achieve-
ment in mathematics through an assessment of scientific journal articles published
between 2005 and 2014 and indexed in Web of science. Through the use of search
terms such as "formative assessment”, "assessment for learning” and "self-regulated
learning”, different approaches to formative assessment were included in the review.
While varying in approach, they all share the defining characteristic of formative
assessment: agents in the classroom collect evidence of student learning and, based
on this information, adjust their teaching and/or learning. The results show posi-
tive relations between student achievement in mathematics and the ways of doing
formative assessment included in the review.

Previous research surveys (Black & Wiliam, 1998a) and meta-analyses
(Hattie, 2009) have concluded that formative assessment is one of the
most effective ways to raise student achievement. Both Black and Wiliam
and Hattie concluded that this applied to students of different ages and
in different school subjects, and they indicated effect sizes in the range
0.4-0.7 (Black & Wiliam, 1998b) and 0.5-0.9 (Hattie, 2009, p.297). Very
few articles have questioned the conclusion that formative assessment
has great potential, but a number have questioned the large effect sizes
and the quality of certain studies. They suggest that the research available
is insufficiently robust for drawing far-reaching conclusions concern-
ing all ages and subjects (e.g. Bennett, 2011; Dunn & Mulvenon, 2009;
Kingston & Nash, 2011).
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There is, therefore, a need for further research reviews of formative
assessment and its impact on learning in genera'. In addition, there is a
need for reviews of formative assessment in individual subjects such as
mathematics because the different character of subjects may affect how
formative assessment should be done. Views on this vary between rep-
resentatives of different subjects such as, for example, mathematics and
languages (Bennett, 2011; Hodgen & Marshall, 2005). Empirical studies
have also shown that the effects of similar interventions in different sub-
jects have outcomes of different sizes (e.g. Dignath & Biittner, 2008; Yeh,
2009). Yet, most commonly, reviews on the effects of formative assess-
ment do not distinguish between studies in different subjects. An excep-
tion is a review by the U.S. Department of Education (National Mathe-
matics Advisory Panel, 2008), but they only examined a few studies,
focusing mostly on special education. Based on the research need identi-
fied above, the review presented in this articlel focuses on the following
research question: To what extent does formative assessment have an
impact on student achievement in specifically mathematics?

The concept of formative assessment

Formative assessment is a way of teaching and learning, and must not be
confused with assessment processes carried out for grading and selection
(normally called summative assessment). One difficulty with the con-
clusions and compilations of research results on formative assessment is
that the term has been used with slightly different meanings, although
with the same basic sense. These variations might create different results
in research studies. In this research review, formative assessment is
conceptualised as follows:

Practice in a classroom is formative to the extent that evidence
about student achievement is elicited, interpreted, and used by
teachers, learners, or their peers, to make decisions about next steps
in instruction that are likely to be better, or be better founded, than
the decisions they would have taken in the absence of evidence that
was elicited. (Black & Wiliam, 2009, p.9).

This definition allows for formative assessment to be carried out in dif-
ferent ways and with different focuses. All of these approaches share the
defining characteristic of formative assessment that agents in the class-
room collect evidence of student learning and, based on that information,
adjust instruction to improve student learning (instruction here includes
both teachers’ and students’ activities). However, research within the area
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of formative assessment is conducted under different names and with a
focus on different aspects.

In one approach to formative assessment, the focus is on the teachers’
frequent gathering of information about their students’ learning, and
the resulting modification of their teaching to meet the students’ iden-
tified learning needs. This may include teaching adjustments both in
the teacher using the information to make decisions on overall strate-
gies in the classroom and in using it to lead the students further in their
learning through, for example, explanations and supportive questions. In
both cases, the teacher may include feedback to support a change in less
functional conceptual views and solution methods. The terms used for
this approach to formative assessment are usually formative assessment,
assessment for learning or formative evaluation.

In asecond approach to formative assessment, the focusis on the feed-
back that teachers give to students based on the evidence gathered on
the students’ learning. In these studies, the focus is on the characteristics
of the feedback, which is not emphasised in the first approach. Feedback
from the teacher is expected to initiate cognitive and/or emotional pro-
cesses amongst the students, which, in turn, affect their motivation and
performance (Rakoczy, Klieme, Burgermeister & Harks, 2008). There
are different definitions of the concept of feedback in the literature. A
common definition describes feedback as information from a person or
a material concerning someone’s performance or understanding (Hattie
& Timperley, 2007). Feedback is thus always a response to a preceding
action. The meaning of feedback in all the studiesincluded in thisresearch
review lies within this definition. The effect that feedback has on student
achievement depends not only on whether a student receives feedback,
but also on the characteristics of the feedback (Kluger & DeNisi, 1996).
It is possible to differentiate between different types of feedback and dif-
ferent forms in which feedback is given and received. Two examples of
different types are feedback that speaks of whether something is correct
and feedback that provides additional information. The form in which
feedback is given may be, for example, verbal or written form, by an adult,
a peer, or from a book, oneself or a computer program. Feedback may be
given during or directly after a task is attempted or later on as delayed
feedback. Feedback can also be received in different ways, for example,
individually or in a group.

In a third approach, the focus is on the students modifying their
learning based on their own assessment. In addition to responding to
teachers’ adapted instruction and feedback, the students’ may take the
role of self-regulated learners, which includes planning, monitoring,
reflecting on and modifying one’s learning (Zimmerman, 2002). Thus,
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self-regulated learning involves self-assessment and subsequent actions,
based on the information from the assessment, to attain the learning
goals. The students elicit evidence of their own achievement in the moni-
toring and reflecting phases, and then use this evidence to modify their
learning. The self-regulation processes may be conducted in different
situations, such as when learning through solving a task or listening
to a teacher’s lecture. The self-regulation may be directed at different
achievements, including answers to tasks, strategies for finding answers
or solving tasks and the use of resources in the learning process, such as
the time and effort used for learning.

In a fourth approach to formative assessment, the focus is on how the
students’ role in the formative assessment practice may be to support
each other’s learning through peer-assisted learning, which involves peer
assessment and subsequent feedback through explanations and sugges-
tions to peers on how they can act to reach their learning goals. Finally,
a fifth approach is to include all of the four approaches in classroom
practice (e.g. Wiliam & Thompson, 2008). The terms used for this last
approach to are usually formative assessment or assessment for learning,

Existing reviews on the impact of formative assessment

The research review from the U.S. Department of Education (National
Mathematics Advisory Panel, 2008) includes an investigation of the
effects of teachers using information from frequently administered small
tests to provide differentiated instruction for students. The researchers
concluded that formative assessment in mathematics has great poten-
tial for raising student achievement, but that not enough high quality
research had been done to draw more reliable conclusions on this effect.
Owing to the search criteria, the review covers only 10 individual studies
and they focused mostly on the elementary school level and on special
education students. General research reviews that focused on the second
approach to formative assessment but not on mathematics concluded
that feedback can have a major impact on achievement (Hattie & Timper-
ley, 2007; Shute, 2008). There is no "best” type of feedback for all learners
in all situations, and major gaps remain in the research literature (Shute,
2008). At the same time, some general guidelines for effective feedback
can be found in these reviews. For example, to be most effective for learn-
ing, feedback should usually make it clear both about how the students
are doing in relation to the learning goals and how they may close any
gaps. Studies also consistently show that students who self-regulate their
learning, including modifying their learning based on self-assessments,
generally are successful in their academic achievements (e.g. Zimmerman

28 Nordic Studies in Mathematics Education, 22 (3), 25-50.



IMPACT OF FORMATIVE ASSESSMENT

& Bandura, 1994; Zimmerman, 2001). Reviews across subjects have also
shown that students’ self-assessment and teacher support for students’
self-assessment may enhance student learning (Panadero & Jénsson 2013;
Ross, 2006). Likewise, research reviews across several subjects have shown
that peer-assisted learning, including peer assessment and peer-feedback,
is positive for student learning (Rohrbeck, Ginsburg-Block, Fantuzzo
& Miller, 2003). Finally, a few individual studies, but no reviews, have
shown that formative assessment practice that includesall five approaches
can have a positive effect on student achievement in mathematics
(Andersson & Palm, 2017; Wiliam, Lee, Harrison & Black, 2004).

Method

The study process for this literature review was carried out in accor-
dance with the conceptual framework for systematic review by Gough,
Oliver and Thomas (2013). This framework has ten stages: need, review
question, scope, search, screen, code, map, appraise, synthesise and com-
municate. The first two stages concern the choice of people to carry
out the review and a decision on which research questions to use. The
stages pertaining to the scope of the review (criteria for the selection of
studies), search strategy, screening, coding, and appraising the quality
of studies, structure the methods section. In this study, the mapping of
the research field comprises the list of articles found in the literature
search. These articles are listed in appendix 1, which is divided into three
sub-groups according to three different approaches to formative assess-
ment described in the introduction. The results section presents findings
from the individual studies pertaining to each sub-group, followed by a
synthesis of these findings.

Scope (inclusion criteria)

In the search of articles with relevance for the research question, the
scope included using only the Web of science database. An advantage of
Web of science is that the database includes publications within diffe-
rent scientific disciplines that carry out research on formative assessment
in mathematics. It also covers several high quality mathematics educa-
tion journals for large sections of the publication period chosen. A dis-
advantage with Web of science is that the database does not include all
mathematics education and assessment journals.

The search covered the years 2005-2014 in order to not miss articles pub-
lished after the reviews discussed above. The search was limited to scien-
tific journal articles. This limitation does not necessarily significantly
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affect the inclusion of important studies. Most important research re-
sults in high quality research should have been published in a scientific
journal.

Search strategy

The search for articles for this review involved the use of several diffe-
rent terms for teaching and learning processes that can be characterised
as being formative assessment according to the definition by Black and
Wiliam (2009). This definition captures the same core idea used in the
review by Black and Wiliam (1998a) that appears to be the most cited
article within the field. In the present study, the terms used to search for
articles are called search terms and the terms used to search for the same
purpose are designated as a search group. The search group called forma-
tive assessment includes, for example, the search terms "formative assess-
ment”, "assessment for learning”, "feedback” and "self-regulated learn-
ing”. Thus, formative assessment will sometimes be used in the sense of
asearch group and sometimes in the sense of a search term. The sense in
which the term was used can be understood from the context in which
it was used. In order for the search to produce an outcome in litera-
ture relevant for the research question and context of this study, search
terms were also used for the search groups mathematics and students.
The search terms and the search groups are presented in table 1. In the
search, different spellings were used so as to include variants of a search
term. For example, the search term "self-assessment” was used with the
variants "self-ass*”, "selfass”” and "self ass*”’. In the search process, the
terms in the formative assessment group were looked for in the title of
the article. In most articles where the focus is on formative assessment,
these terms are likely to be in the title. In order for a publication to be
included in this research review, a search term for the mathematics group
and for the students group had to be found in the material on the topic
(title, abstract or keywords). Such terms are often not found in the title.
Requiring such search terms to be found limited the number of articles
identified to those most relevant for the research questions. The search
did not, for instance, retrieve studies on feedback in environments other
than a school.

Screening

Through the search, 104 articles were identified. The abstracts of these
articles, and, where appropriate the whole article, were then read to make
decisions on their relevance for the review’s research question, and for
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Table 1. Search groups and search terms

Search group Search terms Location of search

Formative assessment formative assessment, assessment for title
learning, formative evaluation, self-
assessment, self-regulated learning,
peer assessment, peer-assisted learn-
ing, feedback, response-system

Mathematics mathematics topic

Students student, pupil topic

final inclusion in the review. Articles that contained empirical studies,
quantitative or qualitative, that dealt with the review’s research question
for the school subject mathematics in years 1-9 or in upper secondary
school were kept. Then a determination was made about whether the
practices described in the studies could be considered formative assess-
ment. This was done by comparing the characteristics of these practices
with the definition of formative assessment by Black and Wiliam (2009).
Studies not included in the review were those that, for example, did not
empirically investigate the relation between formative assessment and
student achievement; studies using the term "feedback” meaning provid-
ing new information instead of information about aspects of students’
preceding actions; and those pertaining to self-regulation processes that
did not include actions to attain learning goals based on self-assess-
ment. A total of 23 articles remained for in-depth analysis to answer the
research question (see appendix 1).

Coding

The practices in the articles were coded according to which of the five
approaches to formative assessment, they belonged. For example, a prac-
tice in which students carry out self-questioning, including questions
aimed at their understanding during the task-solving process and if
whether answer is correct and what to do if it is not, would be coded as
belonging to the third approach. To answer the research question con-
cerning the impact of formative assessment on student achievement,
we identified the levels of significance from the hypothesis tests, effect
sizes (standardised differences in mean values between group results)
and other measurements of the strength in associations indicated in the
studies. These measurements comprised the basis for drawing conclu-
sions on the impact of formative assessment on student achievement. No
meta-analysis of the constituent studies was made. When research cover
subjects so diverse as the different approaches to formative assessment,
any form of mean value of measures of association would have no clear
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meaning (Black & Wiliam, 1998a, Bennett, 2011). Instead, the size of the
association measures provided in individual studies, or the range of sizes
in several similar studies, has been specified.

Appraising the quality of studies

In the work for this review, no assessment was made of the quality of the
constituent studies because all the articles in the Web of science are in
peer-reviewed publications, which should imply that the studies have a
fundamental quality. Based on the discussion carried out in the research
community concerning the quality of published studies (e.g. Dunn &
Mulvenon, 2009; Kingston & Nash, 2011), it cannot, however, be ruled
out that some studies may have quality shortcomings.

Results

This results section presents findings for three types of formative assess-
ment found in the articles reviewed: teachers gathering information,
feedback, and student self-assessment (first three approaches). No arti-
cles focusing on peer assessment (fourth approach) or the use of inte-
grated approaches (fifth approach) were found in the literature search.
(see appendix 2 for the characteristics of all the articles included in this
review).

Teacher assessment with subsequent instructional actions

Four of the studies, including one review which contained two studies
(Yeh, 2009), investigated the effects of teachers gathering information
about student achievement and providing instructional actions or feed-
back based on the information. The measure of mathematics achieve-
ment included different aspects of mathematics assessed by standar-
dised tests or selected items from standardised tests, a test intended to
measure general mathematical ability, and tests for conceptual under-
standing and application of procedures. In all the studies except one, the
positive effect of this approach to formative assessment was statistically
significant for the whole student group on at least one measure of stu-
dents’ mathematics achievement. Effect sizes were not always provided,
but in the four studies providing such a measure, the effect sizes for the
significant effects lay between 0.2 and 0.8, which according to Cohen
(1988), can be regarded as a small and large effect, respectively. Yeh (2009)
concluded formative assessment was 124 times as cost-effective as class
size reduction.
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Most of the studies reported that computer programs were used as a
tool in the formative assessment practice. In the studies investigated in
Yeh (2009), computer-based adaptive tests were used 2-5 times a week
with individual feedback then being given to the relevant students. The
teachers received information in summary form concerning the perfor-
mance of the class as a whole and of individual students. The informa-
tion was used to adapt the teaching to the identified learning needs of
the class and of individual students. The teachers had participated in
short training sessions about how the information from tests could be
used to make decisions concerning future stages of the teaching. In the
two studies by Burns et al. (2010) and Koedinger et al. (2010), computer
programs were also used as a support for the teachers’ teaching. In the
first of these studies, the TEFE program was used; it generates work-
sheets for the students, corrects them and notifies the teachers when
it is time to test individual students. The program also corrects the test
and generates new worksheets as and when needed. The teachers obtain
information for each student and then have a basis for making decisions
on their teaching. In the study by Koedinger et al. (2010), the ASSIST
program was used; it generated small tests frequently and correct tests.
It also offers students corrective feedback and helps them with hints and
supportive questions.

The study by Phelan et al. (2011) differed from othersin this groupina
few ways. It used a non-computerised supporting material (Powersource),
which was intended to help the teachers to regularly collect information
on the students’ learning and to support the teachers’ follow-up teach-
ing based on this information. It also differed in that the intervention
was undertaken during a much shorter period, over just eight lessons
while the implementation period of the other studies ranged from half
a year up to more than five years. In addition, the participating teachers
received very little training in Powersource despite not having a com-
puter program doing much of the assessment and feedback work. This
study was the only one that did not provide significant effects on the
entire group studied.

Feedback

Eightstudiesonfeedback are included in thisreview. The students’ mathe-
matics achievement were measured by tests on mathematical facts, proce-
dures and conceptual understanding. Five studies compared the effect of
feedback with no feedback or less frequent feedback on student achieve-
ment in mathematics. Four of these studies made a comparison with
control groups (Brosvic, Dihoff, Epstein & Cook, 2006; Clarke et al., 2014;
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Dresel & Haugwitz, 2008; Labuhn, Zimmerman & Hasselhorn, 2010).
The fifth study compared the effect of feedback as a function of how
frequently the students obtained feedback of different types (Rakoczy
et al., 2008). In the study by Brosvic et al. (2006), the students’ increase
in mathematical achievement was statistically significantly greater for
the group who received immediate feedback at the task level (feedback
which indicates if an answer is right or wrong) than for the group that did
not receive any feedback. Similarly, Dresel & Haugwitz (2008) found that
students provided with attributional feedback improved their achieve-
ment significantly more than a control group not given any feedback.
In the study by Clarke et al. (2014), the students were taught in small
groups where one of several components was to offer feedback to the stu-
dents to confirm their correct answers and to correct possible misunder-
standings. In the Clarke et al. (2014) study, the effect on student achieve-
ment was significant for proximal measures of student achievement but
not for distal measures (the distal measure being the Stanford achieve-
ment test). Brosvic et al. (2006) did not provide any effect sizes while
the effect sizes in Dresel and Haugwitz (2008) and Clarke et al. (2014)
were 0.5 and 0.8 respectively. Significant effects of feedback were not
found in the studies by Labuhn et al. (2010) and Rakoczy et al. (2008).
Here, however, it can be established that the type of feedback given in
the Labuhn study was of a nature that other studies have shown to be
less effective for learning (see e.g. the description by Brosvic et al., 2006
below). Here the feedback was not given on each task or assignment but
only as a combined result for a set of tasks or assignments, and the time
for learning from the feedback was very short. The students received
feedback on a single occasion and then had 10 minutes to process it. It
would likely be difficult to cognitively process this information in a way
that is feasible for learning. In addition, the effects that feedback can
have on students’ motivation may be limited in such a short interven-
tion. The study by Rakoczy et al. (2008) (which examined the effects of
feedback given with different frequency) took no account of the quality
in the feedback. Each student may have obtained relatively little feedback
since the study was undertaken during only three lessons in the ordinary
classroom environment and the teacher did not receive any instructions
on providing feedback. These factors would likely have influenced the
effect on student learning.

Four of the studies compared the effect of different types of feed-
back or the effect of when and how feedback is given. The study by
Cates (2005) of four students showed that where feedback is given at the
task level, it may, for certain students, be more advantageous to obtain
the feedback from a computer than from a classmate, whereas for other
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students it may be the opposite. In the study by Brosvic et al. (2006) of a
larger sample of students, no statistically significant difference was seen
between the groups of students who received computer-generated feed-
back at the task level and those who received the same type of feedback
from the teacher. On the other hand, the students learned more when
they obtained feedback (on a task level) after each task compared to
when they obtained it after they had answered all the tasks in one session
(Brosvicetal., 2006). Rakoczy et al. (2013) compared the effects of written
process-oriented feedback (tips on how to improve or a strategy how to
solve a problem) and feedback in the form of grades on a set of tasks on
student achievement. No direct statistically significant difference was
found between the groups. However, a statistically significant indirect
effect on student achievement, via the perceived usefulness of the feed-
back, was found in process-oriented feedback compared to feedback in
the form of grades. In the study by Roschelle et al. (2010), students who
received task feedback at the small group level (and were to process it
together) learned more than those who obtained task feedback at the
individual level.

Self-assessment with subsequent actions

Of the 12 articles on self-regulated learning activities, including students’
self-assessment and subsequent actions, one is a review (Montauge, 2008),
one a meta-analysis (Dignath & Biittner, 2008), and five others analysed
intervention studies. Four articles included correlational studies which
measured students’ self-regulation and achievement in mathematics, and
one article investigated the correlation between teachers’ support for self-
regulation and student achievement (Kistner et al., 2010). In some of the
studies, mathematics achievement was measured by grades, in others by
an overall teacher judgement. The exact aspects of mathematics captured
by these general measurements are not clear. In still other of the studies,
tests focused on problem solving or basic arithmetic skills. Some studies
did not define mathematics achievement.

All of the intervention studies reported a significant positive effect
on student achievement. Based on an "overall analysis of the studies as a
group”, the review by Montague (2008) concluded that strategy instruc-
tion, including teaching aspects of self-regulation to students, is an evi-
dence-based instructional approach for improving achievement for stu-
dents with mathematical disabilities. In the meta-analysis by Dignath
and Biittner (2008), which analysed intervention studies with a focus on
self-regulated learning, the mean value for the effect sizes was 0.96 for
school years 1-6 and 0.23 for the school years 7-10. In the studies using
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effect sizes when comparing self-regulated learning practices with other
types of practices, the effect size varied between 0.4 and 0.8 (Dresel &
Haugwitz, 2008; Kramarski & Gutman, 2006; Kramarski & Mizrachi,
2010). In the study by Lazakidou & Retalis (2010), the students’ improve-
ment from a pretest to a different but structurally similar posttest was
2.4%. In the case study by Ness and Middleton (2012), the student attained
a higher grade.

The formative assessment component in these studies all involved
self-assessment and actions based on this assessment, but differed in
what aspects of achievement the students self-assessed. In the review by
Montague (2008), the interventions reviewed involved different compo-
nents, but the formative assessment component embedded in the teach-
ing strategies comprised self-questioning techniques. These included
questions directed at the students’ understanding of the task-solving
process, whether the answer was correct and what to do if it was not. The
meta-analysis by Dignath and Biittner (2008) included studies involving
different aspects of self-regulated learning, one such aspect being self-
assessment. In Kramarski and Gutman (2006) and Kramarski and Miz-
rachi (2010), self-metacognitive questions were taught to the students,
for example, questions directed at having them evaluate their achieve-
ment in terms of their answers to learning tasks and reflect on the suit-
ability of their task-solving strategies. In Dresel and Haugwitz (2008),
the students were given questions from a mathematics learning soft-
ware program to prompt their self-assessment of their present know-
ledge, whether their learning and task solving were going according to
plan and possible actions to improve their performance based on their
self-assessment. The instructional method used in Lazakidou and Retalis
(2010) included a broader task-solving method and having students assess
the problem-solving process, and how they could reuse aspects of this
process on future problems. In Ness and Middleton (2012), a special edu-
cation student was supported in daily self-assessment of achievement in
learning and management of learning resources, such as material and
time, and how to improve in these areas.

All but one of the correlation studies showed correlation between
formative assessment components and student achievement. Metal-
lidou and Vlachou (2010) found a statistically significant correlation
(corr=0.8) between student achievement and students self-evaluating
their test results, seeking further information from the teacher about
the achievement and seeking assistance in learning activities. Rosario et
al. (2013) found a correlation (r=0.4) between achievement and students
using self-regulated learning strategies in all three self-regulated learn-
ing phases: planning, executing and self-assessment. The self-assessment
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component included the students comparing the grades they received
with the goals they had set. Marchis (2012) found correlations (corr=0.3)
with students’ self-regulation skills, including checking the results,
whether all data given in the task had been used and what was not under-
stood when difficulties appeared. Ocak and Yamac (2013) found no corre-
lation between students’ self-reported self-regulation strategies and their
grades. Kistner et al. (2010) investigated the correlation between teachers’
observed instruction and the students’ improvement in understanding
of proof. They found that explicit instruction in self-evaluative direc-
tions such as "While working on this kind of task, you should always ask
yourself: What do I already know? and What am I looking for?” signifi-
cantly improved students’ understanding (r=0.5). They also found that
self-evaluative directions like "Check your results again” did not. Implicit
instruction did not correlate with increased achievement.

Synthesis

The analysis of the articles that were included in this review shows that
all three approaches to formative assessment can have a positive impact
on student achievement in mathematics. These approaches share the
underlying feature of modifying teaching or learning in accordance with
identified learning needs. Teachers can implement this core practice of
formative assessment by frequently using tests to gather information
on student learning and using it to adapt their instruction or feedback
to better meet their students’ identified learning needs. The students
themselves may implement the core practice by taking an active part in
the formative assessment process. This may be done by teachers helping
their students to become self-regulated learners who assess their own
understanding and skills and use the information to adapt their learning
to achieve their learning goals.

The effect sizes varied between being low (0.2) and large (0.8), and the
effects have been shown for different aspects of mathematics, including
application of procedures and problem solving. A statistically signifi-
cant effect on student achievement was found for all studies in which
the common component was that tests were used to frequently collect
information on the students’ learning and that the teacher adapted their
teaching in accordance with the students’ identified learning needs. In
these studies, computer software were often used to generate tasks and
information about students’ achievement. In addition, feedback may
have a positive effect on student learning, but the type of feedback is
crucial for this effect to occur. Feedback at the task level, as well as attri-
butional and elaborated feedback, were shown to affect achievement.
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However, the feedback needs to be given so it is possible for the students
to process and act on it, preferably in small groups, and should not be
provided as a combined result from a number of tasks. Furthermore, the
studies showed a strong relation between student achievement in mathe-
matics and with both self-assessment with subsequent actions based on
this assessment and interventions supporting this component of forma-
tive assessment. Associations with high achievement were found for self-
assessments and subsequent actions targeted at students’ task-solving
processes and at their management of learning resources. Such associa-
tions were found for this formative assessment component alone and
when it was combined with other task-solving processes or self-regulated
learning processes.

Discussion

This review adds to the existing literature on formative assessment by
showing that the positive impact of different approaches to formative
assessment on student achievement, which have been found in general,
hold specifically for mathematics. This is important because the concrete
implementation of formative assessment practices may differ between
subjects due to their different character (Hodgen & Marshall, 2005), and
outcomes of different effect sizes have been found for similar formative
assessment interventions in different subjects (Dignath & Biittner, 2008;
Yeh, 2009). The positive effects on mathematics achievement found for
modification of teaching based on information gathered from small and
frequently used tests (the first approach to formative assessment) are in
line with the conclusions made in the review by the National Mathema-
tics Advisory Panel (2008). This review goes further than that review in
that it includes studies representing a broader array of student groups. In
addition, this review provides insights on the use of computer programs
in formative assessment, an area of research that the National Mathe-
matics Advisory Panel (2008) identified as lacking. This review shows
that the use of such software has a positive impact on student achieve-
ment. It also shows that feedback (the second approach) can enhance
achievement in mathematics and that the type of feedback is crucial for
achieving the effect, a conclusion also drawn in reviews of the effect of
feedback on school achievement in general (Hattie & Timperley, 2007).
Furthermore, the current study indicates the importance of providing
students with good opportunities to process and use the feedback for
improving their learning. The positive effects of self-assessment and sub-
sequent actions as an approach to formative assessment (third approach)
is in line with the promising results found in the general reviews
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investigating the effects across different subjects (Panadero & Jénsson,
2013; Ross, 2006). The current review provides additional insights by
describing how this approach can vary in mathematics and still have
an effect on achievement. Lastly, this review seems to be the first to
synthesise the findings about the impact on student achievement in
mathematics of several approaches to formative assessment.

All of the approaches to formative assessment investigated can be
theoretically linked to the definition of formative assessment by Black
& Wiliam (2009) through the shared characteristic of adapting teaching
and/or learning based on information on student learning needs iden-
tified through assessment. The fact that a positive impact on student
achievement was found for all approaches indicates that this shared
characteristic is a determining factor for the impact. However, this does
not mean that all implementation of formative assessment will achieve
the same effects or even have any effect on student achievement. Even
though the results of this review suggest that formative assessment may
be carried out in many different ways to enhance learning, different
implementations will naturally provide different effect sizes. In addi-
tion, formative assessment that includes the core practice but is not
executed sufficiently may not have any effect on student achievement.
When speaking about the effect of formative assessment, it is therefore
crucial to carefully describe the characteristics of the practice that was
implemented.

When reflecting over the size of the effect sizes that are found in the
studies in which computer programs were used to generate test infor-
mation, one may note that the teaching and learning adjustments were
facilitated, but also limited, by the computer programs. The teachers
obtained help from the programs, but they were limited by not having
had training and support to enable them to run, on an on-going basis,
the formative assessment process through other approaches and to make
the appropriate adjustments in their teaching. Thus, as well as variation
of effect sizes resulting from differences in these computer programs,
formative assessment based on teachers’ adaptation of instruction based
on their own frequent assessment may provide different affordances and
effects on student achievement.

To get a clearer picture of exactly how formative assessment works
to enhance student learning in mathematics, it would be of value to
compare how the mathematics is treated in the different approaches to
formative assessment. Examples of issues that would be relevant are the
types of assessment tasks being used, the kinds of inferences about learn-
ing that are being made based on students’ responses to these tasks, the
kinds of adaptations the teachers make, and the kinds of mathematical
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thinking these actions bring about in students. Such an analysis is not
within the scope of the present review, and many of the articles included
in the review do not provide sufficient information for this kind of analy-
sis. However, future studies that describe and compare how the compo-
nents of the different formative assessment practices work individually
and together on a teacher and student level to produce learning would
strengthen the theory of formative assessment. It would also support
teachers’ implementation of successful formative assessment practices.

Identified areas in special need of additional research

There is also a need for additional research in other areas and of other
characteristics related to the effects of formative assessment on student
achievement. Based on this review, the following needs for research were

identified:

1. Studies of the impact of peer assessment

No articles focusing on peer assessment and subsequent actions were
found in the literature search, which indicates a shortage of studies
focusing on this approach to formative assessment in mathematics.

2. Studies of formative assessment using integrated approaches

As this review shows, most studies focus on individual aspects of forma-
tive assessment. The theoretical development of formative assessment
has, however, moved towards classroom practice that integrates different
approaches to formative assessment into a whole (the fifth approach (e.g.
Wiliam & Thompson, 2008). This practice should have the potential to
further strengthen student learning. No study in this review investigated
the effects of such a holistic view of formative assessment.

3. Studies of high ecological validity

One purpose of mathematics education research is to provide insights
that may be of use in teaching practice. Based on this assumption, there
is a considerable need for research with high ecological validity, which
includes doing studies of normal classroom environments over longer
periods. A majority of the studies in this research review are either cor-
relational studies where different variables have been measured on indi-
vidual occasions, or intervention studies where a specified and well-con-
trolled intervention has been carried out during a relatively short time.
These studies are valuable but need to be supplemented with studies that
generate insights into how formative assessment can function for ordi-
nary teachers under normal classroom conditions over a long period. This
type of study is of central importance in enabling teachers to implement
a formative assessment practice based on scientific foundations.
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Notes

1 The review is a condensed version of part of a report written on behalf of
the Swedish Research Council (Ryve et al., 2015).

2 The symbol * has the function that all words that can be formed with all
possible letter combinations that follow the letters in front of the symbol
will be used in the search.
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Notes to tables

ES=effect size

MLD =mathematics learning disabilities

NA =not applicable (e.g. PD-support not applicable when the
intervention was carried out by the researchers)

ns=non-significance

PD =professional development

SAS=self-assessment and subsequent actions

SEM =structural equation modelling

SRL=self-regulated learning
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