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Abstract  

In this chapter we describe the design of an online system for the formative assessment of students’ under-
standing of mathematics and discuss how it develops diagnostic competence and influences teaching. The 
smart-test system covers many mathematics topics studied by students between about 10 and 16 years of age. 
It is programmed to provide teachers with an automated diagnosis of their own students’ stages of develop-
ment in specific topics, and to report on an individual’s errors and misconceptions, in order to inform teaching. 
Our claim is that teachers' diagnostic competence increases when they have easy access to information about 
their own students' thinking. In turn, this can further improve teaching, and hence learning. By drawing to-
gether evaluative data from four sources, we highlight aspects of teachers’ reported use of the diagnostic in-
formation in class, and the effect of using this system on their knowledge for teaching and the subsequent 
changes to teaching practice. Overall, teachers report that using the smart-tests has improved their knowledge 
of the thinking of individual students as well as of students in general (i.e. their pedagogical content 
knowledge), and that they can use this information in several ways to adjust their teaching. In this way, by re-
ducing the demand for teachers to have specific knowledge for diagnosis, using smart-tests increases this 
knowledge and paradoxically improves teachers’ diagnostic competence.  

XX.1 Introduction 

This chapter discusses the design and use of an online assessment system and presents a partial evaluation 
of the success of this system. The smart-test system is built on Specific Mathematics Assessments that Reveal 
Thinking, which we abbreviate as smart-tests. These tests are accessed through an intelligent environment 
(www.smartvic.com), created by the authors (Stacey, Price, Steinle, Chick & Gvozdenko, 2009). The goal is to 
diagnose individual student’s understanding of mathematics topics, hence improve the teacher’s understand-
ing of student thinking, and thereby assist teachers to target lessons to better meet the needs of their stu-
dents. 

The smart-test system provides teachers with an informative diagnosis of their students' conceptual under-
standing of many of the topics in the curriculum for students between 10 and 16 years of age. The diagnoses 
are described in terms of developmental stages and the misconceptions or common errors that have been 
identified for a particular student. They are available to teachers immediately after the students complete the 
test. As far as possible, the items, the developmental frameworks and the diagnostics are drawn from well-
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established research findings, and so build in pedagogical content knowledge related to student thinking. In 
addition, the system provides teachers with explanations of the diagnoses, teaching suggestions for taking 
students to the next level of understanding and, if appropriate, for dealing with misconceptions and common 
errors. Although the categories are not well-defined, we find it useful to distinguish in reports common errors 
(e.g. information that students have not learned, confusions of names, bugs in algorithms) that are procedural-
ly or factually based from misconceptions (which have an identifiable underlying conceptual base).   

Because smart-tests aim to assist the teacher to plan more effective teaching, a smart-test is focused on 
one topic and typically takes students less than 10 minutes to complete. To encourage teachers to monitor 
student progress throughout the teaching of a topic, there are two parallel test versions for each topic. Smart-
tests are not intended to be a complete assessment of the topic – for example, there are no lengthy items 
which require students to write mathematical reasoning. The smart-test system is currently being used regu-
larly by over 400 teachers, and we process approximately 7000 student tests each month. The system can be 
used by teachers and students, or researchers, anywhere with an internet connection. 

The smart-test system is designed to assist teachers with the diagnostic activities of gathering and interpreting 
data so that they obtain valid knowledge on the achievement of individual students and appropriate teaching 
suggestions as a basis for action. As will be evident in the sections below, making use of this information in-
volves the whole range of diagnostic competence, including teachers’ knowledge (especially their pedagogical 
content knowledge), beliefs connected to formative assessment and the skills to implement it and to act on the 
findings.  We will demonstrate how the smart-test system paradoxically reduces the demand for teachers’ diag-
nostic competence, whilst at the same time building it. 

Section XX.2 outlines the designers’ vision. In creating any educational product, there is a myriad of design 
decisions, so this paper concentrates on those that are central to providing diagnostic judgments that can sup-
port productive action by teachers. Sections XX.3 and XX.4 draw together feedback from teachers gathered 
from several different sources over the life of the project. In section XX.3 we discuss two themes related to 
teachers’ evolving understanding of the use of formative assessment – what it is really for and how it is best 
used and discuss how we responded to these issues. In section XX.4 we report on our progress towards achiev-
ing the two fundamental goals of the smart-test system, namely higher achievement for students through tar-
geted teaching, and improved mathematical pedagogical content knowledge for teachers. 

XX.1.1 Data sources 

This chapter reports experiences of the smart-test creators and feedback from users. The data reported in 
sections XX.3 and XX.4 is a collation from four sources: (1) records of ten focus groups held with teachers at 
three schools involved in the development of the smart-test system in its first two years (2008 – 2009); (2) 
online surveys completed by volunteer teachers after they have used a smart-test (2009 – 2014); (3) sponta-
neous emails that teachers have sent to us on an ad-hoc basis after completing a smart-test (2009 – 2015) and 
(4) interviews with three mathematics leaders. Two of the interviewees were teachers holding leadership posi-
tions in mathematics at their schools (Leader 1 and Leader 2); they were interviewed in 2015. The third inter-
viewee was a  
Project Officer, employed by an education authority, who assisted teachers using the smart-tests in their own 
schools as part of a larger professional development learning program. She was interviewed in both 2012 and 
2015. 

Gaining feedback on the smart-test system is in itself a process of formative evaluation, with the aim of im-
proving all aspects of the system. As is evident from the sources described above, the data sources reflect the 
long development time for this complex resource. Because of ongoing improvements, the resource to which 
they responded is somewhat different at each stage with early concerns having now been addressed. The 
feedback reported in sections XX.3 and XX.4 focusses on issues that transcend pragmatic concerns (e.g. diffi-
culty scrolling on long pages, download speeds) and gets to the heart of how teachers might use formative as-
sessment from any source to improve their teaching. 

XX.2 The designers’ vision for the smart-test system 

“…because learning is unpredictable, assessment is necessary to make adaptive adjustments to  
instruction.” (Wiliam, 2011, p13) 
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The initial concept of the smart-test system arose from our observation of the power of formative assess-
ment and our observation of the difficulty of diagnosing students’ thinking quickly and efficiently. This is well 
supported by others (e.g. Wiliam 2007, 2011). In previous research projects, we saw how teaching about dec-
imal numeration could be transformed by giving teachers information about the ways in which each of their 
students thought about decimal notation and by helping teachers understand the common misconceptions 
(Helme & Stacey, 2000). However, we also noted that it is time-consuming for teachers to diagnose individual 
student thinking using research level tests (Steinle, 2004) or simplified versions (Steinle, Stacey and Chambers, 
2006). Diagnosis from written tests is usually complicated because special scoring instructions must be fol-
lowed to identify the tell-tale patterns in students’ responses that indicate a misconception. Teachers expect 
to mark students’ work as correct or incorrect, and to make total scores or sub-scores, but it is beyond their 
expectations that they should undertake further processing of data, such as examining patterns of responses 
rather than just observing direct errors in a systematic way. The solution to this dilemma was to use online as-
sessment, with computer programming identifying the patterns of responses across multiple items that reveal 
thinking. Hence the smart-test system began. 

The need for technological help in formative assessment has been noted by others. For example, Pellegrino 
and Quellmalz (2010) wrote: 

“No individual, whether a classroom teacher or other user of assessment data, could realistically be 
expected to handle the information flow, analysis demands, and decision-making burdens involved 
without technological support. Thus, technology removes some of the constraints that previously made 
high-quality formative assessment difficult or impractical for a classroom teacher.” (p.130) 

 
We planned that this system would be easy and efficient for teachers to use and that it would supply infor-

mation that is concise enough to be readily useable by teachers, sufficiently valid and deep enough to make a 
real difference to lesson content, and linked to targeted teaching resources. Figure XX.1 shows how we ex-
pected teachers to interact with the system and the two predicted outcomes: higher achievement for students 
through targeted teaching, and improved mathematical pedagogical content knowledge for teachers. We ex-
pected that this aspect of knowledge for teaching would improve as teachers become familiar with the devel-
opmental stages and possible misconceptions in a particular topic, especially as they see how these apply to 
their own students. 

The smart-test system embeds research in mathematics education into artefacts that are intended to be 
easy for practitioners to use, creating what Pea (1993) calls ‘distributed intelligence’ in tools for teaching. 
When planning the teaching of a new topic, the diagnostics from the system provide teachers with knowledge 
of the mathematical thinking of their current students. It is intended that, simultaneously, teachers will also 
learn about the mathematical knowledge of students more generally and hence will be better able to teach ef-
fectively in the future. 

 

 
 
Figure XX.1. Using the smart-test system and its predicted outcomes 
 
There are considerable benefits if a teacher is able to conduct interviews with students on their mathemati-

cal understanding. Indeed, interviewing all students to establish their stages of development has been a cen-
tral feature of the highly effective early numeracy programs in Australia, such as Count Me In Too (Stewart, 
Wright & Gould, 1998). There are further examples in the chapters of this book (e.g. D. Clarke et al). However, 
interviewing is a resource-intensive option, for which schools need to make very special arrangements. We 
make no claim that smart-test information is always completely accurate, but neither is any other method 
(although this is sometimes not recognized!)  and with smart-tests teachers can always talk to those few stu-
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dents with puzzling results. The intention is that the smart-test system should provide teachers with sufficient-
ly valid information to influence the teaching of topics about to be taught, in a timely and simple manner. 

XX.2.1 Items that provide a window into student thinking 

Items that reveal unintended conceptions – in other words that provide a ‘window into thinking’ – are 
not easy to generate, but they are crucially important to improve the quality of students’ mathematical 
learning. (Wiliam, 2007, p1069) 

Smart-tests are built on exactly the sorts of questions that Wiliam refers to in the quote above: sets of items 
that together provide a window into student thinking. Over the several decades of mathematics education re-
search into students’ thinking, a rich bank of items has been established which smart-tests make more acces-
sible to classroom practice. However, questions usually need to be modified for use in computer-based as-
sessment because a computer is still limited in its processing of free response items (Stacey & Wiliam, 2013). 
Hence smart-tests often include selected response items with alternatives based on research evidence. 

In addition to multiple choice format, there are now other selected response formats that can be readily 
computer marked. Sliders provide a very flexible interactive format. Students can place numbers on number 
lines as in Figure XX.2, and show estimates of quantities like percentages and angles. Drag-drop items allow 
students a different type of participation, similar to the way they might participate in an interview. For exam-
ple, students can arrange ‘cards’ showing various fractions and decimals in ascending order; they can place a 
card showing the position of the translated image of an object; and they can drag cards showing representa-
tions of the fraction two thirds into one pile, and other cards into another. Figure XX.3 shows a question about 
sorting angles. Using this expanded range of computer-assessable formats has made the tests more interac-
tive. 

 

 
 
Figure XX.2. A student’s incorrect response to a slider item 
 
As well as using items with strong credentials from the research literature, sets of items for smart tests 

must systematically vary the features which are known to make a difference to item success rates. This ena-
bles students’ difficulties to be pinpointed. It also gives guidance to teachers about the range of items to in-
clude in instruction and what constitutes robust understanding. Using only prototypical item types in teaching 
is known to encourage misconceptions and limited understanding. For example, when considering angles of 
the same size, factors such as the ray length shown, and the orientation of the angles, affect success rates. The 
drag and drop item shown below identifies whether students see the angle (the amount of turn) by systemati-
cally varying distracting factors. Figure XX.3 shows the display seen by a teacher for one of their own student’s 
choices of angles of the ‘same size’. The borders that can be seen in this figure are to assist teachers when they 
look at test submissions; green is correct and red is incorrect. Note that this student, like many others, has in-
correctly used the visible ray length to classify the angles. This student has done this consistently; others may 
nearly always do it. Teachers are provided with a brief report for each student that verbally summarizes the 
findings, but can access student screens to see the behavior in action when they wish. 
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Figure XX.3. A student’s response to a question on understanding angle size 
 

XX.2.2 Diagnosis from patterns of responses, not just score 

Many mathematics tests base their assessment only on accuracy, either total test score or scores on sub-
sections. The power of the smart-test system is that it diagnoses student thinking based on the actual re-
sponses. Responses (more than accuracy) are used because ‘wrong in which way’ is more revealing than just 
‘wrong’. For example, the student whose work is shown in Figure XX.3, might be considered to have a score of 
3 out of 9, but the pattern of wrong answers actually shows why they were wrong, not just that they were 
wrong. As far as possible smart-tests report on the reasons for errors, not just the number of questions right.  

Steinle, Gvozdenko, Price, Stacey & Pierce (2009) indicate how response patterns can be used to diagnose 
student misconceptions in algebra in the test named Values for letters, which draws on extensive research in 
algebra such as Küchemann (1981) and Fujii (2003). Note that the test described in the 2009 paper has been 
improved and used since 2012. Readers who sign-up on the smart-test website can access this. One set of 
items in the test Values for letters describes the scenario that ‘some students’ were asked to find the values of 
letters in several equations. In the first item, the students taking the test are asked to indicate whether the so-
lutions to x + x + x = 12 given by the fictional students are right or wrong. For example, one fictional student 
has answered ‘x = 2 and x = 5 and x = 5’ (which is incorrect but accepted by students who see the letter as 
simply a placeholder for any number) and another has answered ‘x = 4’ (which is actually correct, but will be 
rejected by students who want a value for each of the three occurrences of x). In the second item, the equa-
tion is x + y = 16 and the solutions given by the fictional students include ‘x = 7 and y = 9’ which is correct, alt-
hough rejected by the few students who think y should be one more than x because y is one letter after x in 
the alphabet (Stacey & MacGregor, 1997) and ‘x = 8 and y = 8’ (also correct but rejected by students who be-
lieve that different letters must stand for different numbers). Based on the pattern of their responses, stu-
dents are allocated to one of four developmental stages (see Figure XX.4) for interpreting the letters in equa-
tions and are flagged when they have certain misconceptions. Smart-test items are often, as in this case, 
drawn from research literature, but using the tests also provides data on the prevalence of reported miscon-
ceptions in our population. In a few cases previously unreported misconceptions have been revealed 

The only situation where we use the score (total number of responses correct) to provide information to 
teachers is for an additional feature introduced in response to feedback from teachers about anomalous re-
sults. Occasionally a student fails to clear the hurdles for the early stages yet answers more difficult items cor-
rectly. Students with a high score on a test but a low developmental stage are therefore flagged so that teach-
ers can investigate individually whether the students do have a fundamental misunderstanding or gap in their 
knowledge, perhaps masked by procedural expertise, or have just made some careless errors or omissions. We 
have observed examples of both situations. As an extreme example, a student who did not answer any of the 
‘easy’ items for some extraneous reason (strange things sometimes happen in classrooms!) would be flagged 
as not having met criteria for the first stages, even though they may have answered the most advanced items 
correctly. A more common example might be a student who is expert at the addition algorithm for fractions 
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and uses it to solve some complex questions (albeit in a complicated way), but who cannot answer apparently 
more elementary questions about the meaning of fractions.   

XX.2.3 Reporting developmental stages and misconceptions 

[Evidence generated to support learning needs to be] more than information about the presence of a 
gap between current and desired performance. The evidence must also provide information about 
what kinds of instructional activities are likely to result in improving performance. (Wiliam, 2011, p11) 
 

A major design decision has been how to present results to teachers. We wanted to use computing power 
to move away from using behavioural item-by-item descriptions (i.e. saying what items student get correct) to 
look at broader stages of conceptual development that give teachers more insight into student thinking. We 
also wanted to help teachers understand how students perceive mathematical ideas. The approach that we se-
lected is to describe learning in terms of topic specific stages along a learning hierarchy. Our website calls 
these ‘developmental stages’. We decided to report on each student’s stage in the specific topic and also flag if 
they exhibited any misconceptions or common errors (Stacey, Price & Steinle, 2012). 

A learning hierarchy is created by considering some combination of the following: postulating a complexity 
order based on logical analysis; using teaching experience; using prior research and analysing empirical data. 
Stages in a learning hierarchy are confirmed by data if several conditions are met. We require items with simi-
lar mathematical characteristics to have similar success rates, and to be completed successfully by the same 
students. If these conditions are not met, the items need further investigation. When a learning hierarchy ex-
ists, knowledge at one stage is pre-requisite for achieving tasks at a higher stage. This means that students un-
able to complete items designed to test lower stages will be less likely than other students to successfully 
complete items designed to test higher stages. There are many complexities in this simplified story: for exam-
ple, some of our learning hierarchies have branches. A detailed example is given by Stacey, Price and Steinle 
(2012).  

Figure XX.4 shows the four developmental stages and the misconceptions and common errors created for 
the 2012 Values for letters smart-test described above. This is a later version of the test and developmental 
stages than reported by Steinle et al. (2009) because analysis of more student data caused us to add more 
items, and so improve the reliability and range of diagnosis. More questions improve the reliability of diagnosis 
because there is more capacity to discount the influence of careless (i.e. unsystematic) errors and hence more 
capacity to be sure that patterns in responses are a true reflection of students’ thinking. The new items ex-
plore alphabetic misconceptions (which influence answers to the items above) and they check that students 
have the basic knowledge of substitution to complete the items meaningfully. The developmental stages go 
from early use of letters as a code for numbers, to basic understanding of letters as a ‘place holder’ for a num-
ber, and on to refined understanding. Three of the misconceptions relate to alphabetical interpretations of al-
gebraic letters that can linger to influence students’ thinking at various levels of competence, and the fourth is 
an interesting error that reveals lingering uncertainty about letters as placeholder (students rejecting x = 4 in 
the item above but accepting x = 4 and x = 4 and x = 4).  

These stages are empirically confirmed, although this does not mean that every student “goes through” 
each of these stages. Well taught students may, for example, very quickly jump from a basic idea of a letter as 
a place holder for a number to Stage 4. In fact, this test is unusual in that the developmental stages might also 
be seen as identifying misconceptions and a somewhat arbitrary (but empirically confirmed) decision has been 
made to put one sequence of misconceptions into the stages and flag others separately. This is due to the very 
specific nature of this test. A broader test (see for example Stacey et al. 2012) uses larger steps of new 
knowledge for the basis of the stages.  

There are many design decisions related to the presentation of results so that their usefulness to teachers is 
maximised. In order for the smart-test system to improve teachers’ pedagogical content knowledge, infor-
mation needs to be accurate, complete and well-researched, but busy teachers are unlikely to spend consider-
able time reading a large amount of text. Space precludes discussion of most of these design issues. Relevant 
to this paper is the major issue of finding the appropriate level of detail and of technical language to describe 
stages. To this end, we have prominent brief versions (as in Figure XX.4) hyperlinked to detailed explanations 
and examples. Similar considerations apply to the teaching advice which is given for students at each stage.  
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Developmental stages for smart-test Values for letters (2012 version) 
 
Stage 1: These students know that letters can stand for numbers, and are able to correctly substitute into very 

simple algebraic expressions, but they believe that the values that letters can take are in some way related 
to their place in the alphabet. 

Stage 2: These students interpret an algebraic letter only as a place holder for a number in a number sen-
tence, so they allow one letter to have several values in one expression. 

Stage 3: These students appreciate that each time a particular letter is used in an equation it stands for the 
same number, but they over-generalise to ‘different letters must be different numbers’. 

Stage 4: These students know that in one algebra question, a letter must stand for only one number and that 
different letters can stand for the same number. 

Misconceptions and common errors for Values for letters (2012) 

A: Students often give a letter a value related to its place in the alphabet, such as b = 2. 

C: Students believe that the values of consecutive letters must be consecutive numbers. 

O: Students believe that if one letter is before another in the alphabet, its value must be smaller. 

R: When the same letter is used more than once in an expression, students wish to state this value separately 
for each occurrence.  

Figure XX.4: Values for letters – summary of stages and misconceptions 
 

XX.3 Helping teachers transform diagnostic information into formative assessment 

The sections above have presented smart-tests from the point of view of the designers. As well as analyzing 
student data to improve the items and diagnoses, we have sought feedback (see section XX.1.1) from teachers 
throughout the development of the system. As a result, many additional features have been included, a few of 
which have been mentioned above, and we have also developed advice for teachers and school leaders to use 
smart-tests effectively. In essence, this section demonstrates that, while the smart-test system takes over 
some aspects of diagnostic competence, other aspects of diagnostic competence are needed to use the tool 
effectively. Because smart-tests are different from the tests that teachers normally set and students take, 
teachers are likely to initially experience some disequilibrium. Here we explore two frequently raised issues 
which are related to this disequilibrium: teachers’ assumptions about the purpose of the assessment (summa-
tive or formative); and their request for the system to provide feedback directly to students. 

XX.3.1 Appreciating formative assessment 

We found that the concept of formative assessment – assessment that directly feeds into lesson planning – 
was not understood by all teachers, even in the three schools which had volunteered to trial our first diagnos-
tic tests. During the first two years of development, we visited the participating teachers and schools several 
times each year to get feedback from teachers and conducted formal focus groups. One of the questions regu-
larly raised by the teachers was how to use the smart-test system information in their bi-annual formal reports 
to parents. These group discussions showed us that teachers primarily wanted summative rather than forma-
tive assessment. Teachers have many demands made upon their time and some of the teachers in the partici-
pating schools were hoping to use the smart-test system directly in the time-consuming task of writing reports. 
Some teachers also expected a measurement of the overall level that students had reached in mathematics 
against the published state standards both for reporting to parents and for accountability to the local depart-
ment of education. At that time, an increase of one level in the published state standards indicated 6 months 
of average mathematical growth. 

An early issue arising was therefore whether we should adapt our assessment system to meet teachers’ de-
sire for summative assessment. We rejected this proposal for various reasons and retained the focus on diag-
nosis to inform immediate teaching. For example, there is no easy marriage between global reporting levels 
and our stages – our developmental stages remain ‘local’, referring only to the topic. Stage 1 in one topic has 
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no particular relation to Stage 1 in any other. Stages are also not related to the global achievement levels of 
any official curriculum documents, even though at first glance this might make summative reporting much eas-
ier for teachers. One reason for this disparity in stages is their different ‘grain size’. Sometimes, diagnostic de-
velopmental stages are very fine grained – we intend that students can move through very quickly with appro-
priate instruction, possibly in a couple of lessons. The stages for the test Values for letters in Figure XX.4 are 
like this. On the other hand, we know that for some tests where complex concepts are involved, students on 
average take some years to move through the stages. For example, one of our smart tests on percent looks at 
percentage problems with different quantities unknown and numbers of varying complexity and in this case 
the stages take some years for many students to master. (Baratta, Price, Stacey, Steinle, Gvozdenko, 2010). 

 We saw that many teachers took quite some time to broaden their understanding of useful assessment to 
include formative as well as summative purposes and to appreciate that data on students could be used in the 
short-term to match instruction to students’ needs. One very successful approach to building up an apprecia-
tion of formative assessment (confirmed by internet traffic of use and re-use of smart-tests) was including 
smart-tests in the professional development organized by the Project Officer. She worked with about 50 
schools in 2009 to 2015 and visited teachers to assist with implementation. In the programs, teachers gathered 
data from their own classes through the smart-test system and used the diagnoses in their lesson planning 
over an extended period. Results from particular smart-tests were also used in the face-to-face sessions to 
show teachers the relevance to their own teaching. 

The Project Officer, when first interviewed in 2012, articulated two common views that she had encoun-
tered during early professional development sessions (see section XX.1.1) which she felt hindered teachers’ 
uptake of formative assessment. The first view was that teachers already know the students in their classes 
and so can accommodate their needs without any additional specific information. These teachers observe the 
general mathematical achievement of their students and often plan lessons or goals for broad groupings of 
high, middle and low achieving students. They do not, however, consider the particular understanding that 
each student or groups of students have, in different mathematical topics. Instead they tend to expect stu-
dents to master either simple, medium or complex aspects of a topic. The second view is that in every class 
there is a variety of students, so the whole scope of each topic needs to be covered with the whole class. 
Therefore, there is no need to identify individual student understanding as every student will do every aspect 
of the topic at the expected level of difficulty. The Project Officer commented in 2012 that both of these views 
were prevalent among teachers and enabled them to teach in the same way each year with little or no differ-
entiation for differences between classes or individuals. 

In the interview three years later, she noted that there has been movement in the use of assessment in 
schools in the education system in which she conducts the professional development programs, and some 
shift in the views expressed by teachers. The teachers have been encouraged by the local education authori-
ties to change their view of what ‘knowing your students’ actually means. She reported that she had not heard 
teachers saying that the whole class should go through the whole scope of the topic for several years. There is 
also some evidence from another study (Quenette, 2014) that the views that some teachers hold about their 
students being either ‘good’ or ‘bad’ at mathematics are ameliorated when smart-tests help them appreciate 
that students who are not making progress may be held up by a gap in knowledge or a misconception, and 
that even capable students can have misconceptions in some areas. 

During the 2012 interview the Project Officer reported that the turning point for the appreciation of forma-
tive assessment for some of her professional development participants came when they realised that forma-
tive assessment could sometimes save teaching time, by increasing efficiency of learning. She also noted the 
importance of the first practical use of a smart-test being undertaken within the supportive professional de-
velopment environment. Examining the results helped teachers realise that their assumptions about student 
understanding and competence were not always accurate, and that some students who are procedurally com-
petent have misconceptions. Some teachers realised for the first time that they might accidentally write a test 
on which students with misconceptions could score 100% if they do not use an appropriately wide range of 
items types (including non-prototypical) and items which probe thinking. Procedural fluency often masks lack 
of understanding and this can hinder long term progress. 

For teachers not in a professional development program, the smart-test system provides some information 
about the use of formative assessment when teachers sign up to use the system. The information stresses its 
special and different character and gives examples of how it can be used. 
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XX.3.2 The provision of feedback directly to students 

Another issue that many teachers raised early in the project is whether the automated diagnosis should be 
delivered to teachers only or also directly to students. There are two drivers of this request. Firstly, most com-
puter games or quizzes that students use provide immediate feedback (usually right/wrong), so students ex-
pected this from online tests. Secondly, many teachers are aware that good quality feedback, presented to 
students soon after the completion of a task, can lead to increases in learning. In fact, involving students in the 
results of assessment is often cited as a hallmark of good formative assessment (see, for example, Sadler, 
1989). 

After consideration, we have maintained our position to provide information only to teachers. Firstly, we 
want teachers at the centre of the diagnostic process, because we believe that substantial teacher input is re-
quired to overcome most of the conceptual obstacles identified. Secondly, the detailed topic-specific diagno-
ses are written for adults, and some effort, background and technical language is required to understand 
them. Student feedback would need to be written separately and at a variety of reading levels. Leader 1 was 
interviewed about a range of implementation issues in her school. In the interview she described how teachers 
adapt the smart-test feedback they receive to describe in age-appropriate terms for students what the student 
has shown he or she can do and also the stage toward to which he or she will be working. A third difficulty in 
potentially providing diagnoses direct to students was the disagreement among teachers on the nature of the 
feedback that might go directly to students. For example, one group of teachers warned about negative con-
sequences of students receiving feedback which indicated low performance and hence they recommended on-
ly good performances to be reported to students. 

We have now resolved the student feedback dilemma by advising teachers to explain the purpose of forma-
tive assessment to students before the test, so students know that the information gathered will be used to 
their advantage, whether as individual feedback or to adapt class lessons. Feedback from teachers, such as 
Teacher A in Figure XX.5, indicates that this is a successful strategy. The observations by the Project Officer 
(see Figure XX.5) confirm this general impression. As a separate project, we are currently developing a modi-
fied system which provides diagnostic information direct to test-takers who are pre-service teachers. 

 
Project Officer: “Teachers explained the purpose of the assessment to students and … the students became re-

laxed when the teacher followed through with the intent.” 
Teacher A: “I just explain to the kids what it shows, and that it’s showing me how to teach […] better. ‘It’s not 
about something that you’re going to get tests back. It’s just a tool that I’m using to see what you guys know, 
so I can teach you better.’ They have had no issues with that. And the parents that I’ve spoken to on parent 
teacher night a couple of times think it is fantastic.” 

Figure XX.5. Comments related to providing assessment results to students. 

XX.4 Building diagnostic competence and improving teaching 

Our aim for the smart-tests is to improve student learning and also to improve teachers’ knowledge for 
teaching (especially their pedagogical content knowledge). In this section, we report on teachers’ views about 
the effect of using the smart-test system on their knowledge for teaching and whether (as well as how) it has 
changed their practice. Achieving these two goals will really make building the smart-test system worthwhile. 

XX.4.1 Effect on knowledge for teaching 

As is shown in Figure XX.1, one of the aims of the smart-test system is to increase teachers’ mathematical 
pedagogical content knowledge. We hypothesised that putting data on their own students’ thinking into 
teachers’ hands would make research results come alive for teachers, and hence build their capacity to teach 
both current and future students. In this sense, the smart-test system is trying to take research results out of 
the library and put them into the hands and minds of teachers. 

In his 2015 interview, Leader 2 expressed the opinion that he found smart-test diagnostic information use-
ful for teacher learning: 
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 “It is difficult to find time to lift the mathematics content knowledge of the teachers. …. This is an ideal way 
of me being able to introduce a little bit of professional development informally... I feel easier because I know 
that the teachers are getting some professional development.” 

 
Some data on whether teachers feel their knowledge base has improved comes from the voluntary survey, 

completed by teachers after they accessed students’ results from a test. The survey included multiple choice 
items, with space for optional comments on each item. Table XX.1 provides the frequency of survey responses 
to the multiple-choice question: As a result of using this quiz, have you learned something useful for you as a 
teacher? The results show that nearly all respondents reported that they learned something useful and nearly 
half chose “very valuable learning”. 

 
Table XX.1 
Online survey responses to increasing pedagogical content knowledge 

Options provided Frequency Percent* 
YES, very valuable learning 115 47% 
YES, useful learning 117 47% 
NO 15 6% 
blank 16 - 
Total 263  

*Percent of 247 non-blank responses 
 
The associated comments provide further evidence that teachers perceived that using the smart-test sys-

tem has led to improvement in their knowledge for teaching. Sample comments are provided in Figure XX.6. 
Both Teachers B and C reported their own increased confidence in understanding how students think, whilst 
teachers D, E and F added successful new teaching strategies from the teaching advice provided by the system 
to their repertoires. 

 
Teacher B: “It certainly has encouraged a dialogue between the student and the teacher, and looking at specif-

ic things because you as a teacher feel more confident about what you’re talking about, because you’ve got 
all that information there. The smart-test directs you about where to go. And also you can speak to that 
student about that particular misconception. It works quite well.” 

Teacher C: “Well worth doing. Made me feel like an 'expert' teacher instead of just an experienced teacher.” 
Teacher D: “[I] used a table structure similar to dual number line to help students with showing and organising 

information contained in problems and to find what 1 part represents [and also] to emphasize the use of 
multiplication/division.” 

Teacher E: “I WILL use more materials and a lot more justification from the students.” (emphasis used by 
teacher) 

Teacher F: “I read the referenced research paper, which was informative and useful. The teaching suggestions 
were really practical, and were suitable to have a go at straight away. I used paper strips and pieces to fold 
and colour to estimate percentages.” 

Leader 1: “I think teachers are now (since they have been using smart-test data for planning) more confident in 
… identifying where the students are at.” 

Figure XX.6. Comments related to improvement in knowledge for teaching 
 
We acknowledge that self-reporting has limitations as a method of data collection, both because of the vol-

unteer sample and in the opinions expressed, so we are cautious in the use of the data obtained. We expect 
those with strong opinions for or against the smart-tests to be over-represented. Since there was no pressure 
on teachers to make positive comments about smart-tests (and indeed our questions encouraged specific sug-
gestions for system improvement) we expected that the direction of the comments would indicate the general 
feeling but that the strength of the opinions offered would be stronger than that of the general teacher popu-
lation.  

The very high proportion of “yes” responses in Table XX.1 is likely to be due to the fact that many of the 
teachers were using a particular smart-test for the first time when they completed the surveys. We expect 
that, on subsequent use of the same test, teachers will be more familiar with the developmental stages, and so 
they are unlikely to report valuable ‘new’ learning, except through the results of individual students. In fact, 
we intend that they will come to observe the developmental stages and misconceptions in their normal inter-
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actions with students. In this way, we hope the smart-tests may become redundant, as teachers modify their 
teaching to reduce the likelihood of misconceptions, help students to develop strong conceptual understand-
ing, and have at their fingertips items which reveal understanding in the specific topic. For example, after 
knowing about the phenomena revealed by the Values for letters test described above, teachers can quite eas-
ily address students’ false assumptions in their teaching and take care to look for them in students’ work. If the 
test is no longer required because of increased teacher understanding of students’ thinking, then that is itself a 
success. 

XX.4.2 Effect on teaching practice 

An assessment is only formative if it results in a change in the opportunity for a student to learn. Table XX.2 
provides the frequency of responses to the voluntary survey multiple choice question: Did you adjust your 
teaching plan as a result of the diagnostic information? Of the 220 responses to this question, 70% indicated 
that they did adjust their teaching. Of course, adjusting is not always required. One of the teachers who did 
not adjust their teaching commented: “I didn't adjust my teaching plan as such, because the results supported 
what I expected, but confirmation was valuable”. 

 
Table XX.2 
Online survey responses to teachers adjusting teaching plan 

Options provided Frequency Percent* 
YES 154 70% 
NO 66 30% 
blank 41 - 
Total 261  

*Percent of 220 non-blank responses 
 
The follow-up question to teachers was: If YES: In what way did you change your teaching plan? There were 

many different types of responses. Two very frequent themes are illustrated in Figures XX.7 and XX.8. The first 
theme, illustrated by comments in Figure XX.7, was that teachers used smart-test information to target teach-
ing to specific groups or individuals, especially for overcoming misconceptions or revising basic knowledge. 

 
Teacher G: “I often overlook and brush off students’ misconceptions without considering the difficulty that 

students face. With this assessment tool, I am able to analyse my students better individually, and correct 
their misconceptions on a particular topic.” 

Teacher H: “I have put the students into groups and will give them activities to focus on and correct their mis-
conceptions. I will be looking carefully at the [suggested resources].” 

Teacher I: “Very useful as a pre-test on reading scales. I found out exactly where each student was at and that 
enabled me to target my teaching into the areas where it was most needed, while giving extension work to 
the students who had already gained a good understanding of the topic. Now I am going to retest them us-
ing another form of the test to see how effective my teaching has been.” 

Teacher J: “I had assumed that at year 10 my students would have a basic understanding of the idea of per-
centages - many of them didn't! Instead of going straight into calculating percentages of quantities and cal-
culating whole quantities given a percentage, and then on to financial arithmetic (simple interest), I went 
back to basics with the students who needed it, and others who could cope with this were assigned the 
original tasks I had planned.” 

Figure XX.7. Comments related to changes at the level of individuals or groups 
 
The second theme concerned changes to the starting point for a unit of work for the whole class. Teachers 

K, L, M and N (see Figure XX.8), are examples of the many who commented that they started their teaching of 
the tested topic at a higher level than they had earlier planned. We had expected that many teachers would be 
alerted to students’ inadequate preparation for learning a topic, and so have to start their teaching at a lower 
level than expected as described by Teacher O, but the comments showed that the opposite situation also 
commonly occurred. 
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In the 2012 interview, the Project Officer reported her observation that some teachers had become more 
centred on the individuals in the class. More often, teachers now planned in more detail for their particular 
class instead of using the methods that they always used for a particular topic. 

 
Teacher K: “I adapted the simpler task that we were going to approach in class with something that reflected 

the students' greater level of understanding.” 
Teacher L: “I used the smart-test ‘Understanding angle’ with my year 7 class. In my teaching I adopted an ap-

proach that best addressed the needs of the students based upon the diagnostic test. I was able to avoid 
certain areas that were well understood and concentrate on areas that were not.” 

Teacher M: “I looked at the course outline. As many of my students were very strong in perimeter, we focused 
more on area and volume.” 

Teacher N: “The other end of the spectrum is that I’ve been more confident in moving kids, not making them 
go over things. I can see ‘alright, this child has a really good understanding of fractions’. I’m not going to … 
make him (or her) repeat all of those skills so I feel more confident in moving them to something else.” 

Teacher O: “When our Year 7 students did the fractions smart-tests, we were surprised to find many students 
were at Stage 0. All these years we’ve always presumed that they were at a particular level but obviously 
that’s not happening, and so that’s changed our curriculum, the way we think about teaching fractions.” 

Figure XX.8. Comments related to changing starting points for teaching 
 
Since the smart-test system is used, in the main, by volunteer teachers, and only some of these volunteers 

spend the time to fill in the survey in a detailed way, it might be expected that general feedback on the system 
is biased towards the positive. (Negative feedback tends to focus on small technical issues.) Even with this cau-
tion, it is good to know that teachers like P, Q, and R in Figure XX.9 find the system very helpful. 

 
Teacher P: “This quiz is a genuinely useful tool to assist in the differentiation of the curriculum. It is efficient 

and informative.” 
Teacher Q: “Excellent formative assessment tool which allowed me as a coach to discuss the various miscon-

ceptions and student thinking within a year 8 class. It provided teachers with real data that allowed them 
to address the misconceptions through their teaching.” 

Teacher R: “I use the smart-tests as a part of my diagnostic 'toolbox'. They are clear, easy to access and give a 
quick snapshot of where my students' prior knowledge is developed or underdeveloped. This information 
influences the activities I implement in class, ensuring that the students are being challenged in Mathemat-
ics.” 

Figure XX.9. Comments on usefulness of smart-tests for formative assessment 
 
The comments above show that the smart-tests have had an impact on the teaching of some individual 

teachers. However, we have observed that for many teachers, data from smart-tests seems to be better used 
collaboratively to inform changes to teaching, at least at the beginning. The professional development initia-
tives of the project leader, as outlined above, provide evidence of this. A similar process was implemented in 
their own schools by Leaders 1 and 2 and is happening in a small number of other schools. Collaborative work 
seems particularly important in primary schools where the majority of teachers are not used to dealing with 
large volumes of data. Leader 1 reported that primary teachers at her school appreciated help with sorting 
students into groups based on the data provided. At her school, the administration supported joint unit plan-
ning: 

 “I have a really supportive administration ….and they can definitely see the benefit of it. We do have an 
hour planning for each year level for maths each week. If we didn’t have that it would be really hard to do this.” 

Leader 2 also said that there had been some ‘creative’ timetabling at his school to enable teachers to ana-
lyze smart-test data together and to plan lessons. 

Some data has been collected from teachers working with Leader 1 that may give less subjective infor-
mation about the effect of smart-test use on the knowledge of teachers. Prior to using smart-tests, these 
teachers were interviewed about what sort of student difficulties they would expect when teaching various 
topics from the mathematics curriculum. They were asked how they would explain some key concepts. It is in-
tended that a similar interview be given after a year of smart-test use. The project is not yet complete. 

One important indirect measure of the usefulness of smart-tests is their rate of use. Each year from 2008 to 
the end of 2015 the usage figures have increased. We also track use and re-use of individual tests. When find-
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ing allows, we are planning to investigate whether student performance data has improved in schools where 
smart-tests are routinely used. 

A design project such as the development of the smart-test system depends on user feedback, especially for 
polishing the myriad of features that any system has. The data above has principally been collected by us to 
improve the system, and to ensure that we are offering some teachers a product which they find valuable. It 
has been successful for this purpose. Other data has also been collected within the educational systems to en-
sure that finding the system is a good use of their resources. Research to scientifically investigate whether the 
system does improve student learning outcomes in general requires a different methodology, including careful 
examination of how the tests are used within the school, both with teachers and students.   

XX.5 Conclusion 

The intention of the smart-test system is to take the results of research about students’ understanding of 
particular mathematics topics and to embed it into an intelligent system: a tool holding distributed intelligence 
which amplifies what teachers can do. This paper has reported the views of the early and current users of the 
system. In general, the surveys report positively on the tests individually and on the system as a whole. How-
ever, the wider experience of creating the smart-test system shows that formative assessment is only begin-
ning to be part of the culture of all schools in our region. Some schools are certainly ready for it, and indeed 
are now actively using this as a standard part of their planning and teaching. Making formative assessment 
easier through online tools should promote its use, but it also seems important to have professional develop-
ment showing its advantages and distinctive features, and to provide teachers with advice on implementation. 
Finally, data from the surveys provides considerable evidence of a self-reported increase in teachers’ pedagog-
ical content knowledge and that teachers are using the information in their subsequent lessons. 

The smart-test system is an intelligent tool, which is designed to reduce the work that diagnostic activities 
require of teachers. By providing carefully designed items, many based on research literature, and automating 
the diagnosis rubrics, the pedagogical content knowledge required by teachers is also reduced. However, as 
demonstrated in the chapter, diagnostic competence involves more than this – including understanding the 
purpose of formative assessment, and having the skills to implement it. In summary, diagnostic competence is 
still required to use smart-tests well whilst in the other direction, the evidence presented shows that using the 
smart-tests can itself increase diagnostic competence. 
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