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Abstract 
The potential power of formative assessment techniques for enhancing math skills has been widely 
developed in the last years. The main goal of this paper intends to construct a point of reflection 
around the teaching and learning process of some mathematical contents, based on formative 
assessment. 

This work relates to an experience developed in the academic course of Mathematics that integrates 
the curriculum of the first year in the Accounting and International Commerce degrees. In addition, an 
analysis of results obtained in formative tests performed by students in mathematical topics in the two 
courses mentioned before at Institute of Accounting and Administration of Porto (ISCAP) is presented.  

These tests were developed in MatActiva project, based on the Moodle platform and in accordance 
with the goals of the summative assessment defined in both subjects. 

The MatActiva project arose at ISCAP as a need to improve learning and levels of success in the 
subjects of Mathematics.  

We intend to analyse if the use of formative tests can contribute to an improvement of the results of 
summative evaluation in these curricular units of Mathematics. We will discuss the results obtained in 
these tests, comparing them with the results obtained in the summative evaluation. Furthermore, we 
present a brief data analysis of a data set from a survey carried out by students that performed the 
formative assessment.  

Some results of the training tests provided by Google Analytics and other Moodle statistics are also 
presented. 
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1 INTRODUCTION 
Assessment is an important component in higher education because is a key component for students, 
teachers and those who are responsible for the development and accreditation of courses [1]. 
According to [2] assessment provides information about the quality of students’ learning, maintains 
standard and motivates students throughout their studies. 

In last few years assessment process in higher education has changed.  A diversity of assessment 
practices, more learner-centred, are reported in literature as useful to enhance the active involvement 
of the students, to enable collaboration between all members and allow teachers to realise how 
learning is taking place [3]. 

Often, the term evaluation is confused with the term assessment. To remove ambiguity a clear 
distinction between these two concepts is needed. In [4] and [5] the first word is used for measuring 
the worth of non-person entities (e.g. curricula, programmes, courses) relatively to well-known goals 
while the second refers to the process of measuring achievements of persons towards outcomes. In 
[6] the term assessment is defined as an instrument and a process by which information is obtained 
relative to a known objective or goal. For [7] the concept is defined as measurement of the learner’s 
achievement and progress in learning process. Wellington [8] defines evaluation as “systematic 
investigation of worth of an innovation, initiative, policy or a programme. It is used to measure the 
effectiveness or impact of an intervention or initiative” (p. 236). 

There are two major forms of assessment: formative and summative.  By summative assessment we 
should understand the measurement of what students have learned at the end of an instructional unit. 
The goal of summative assessment is to determine if students have achieved specific competencies 
[9] while in the opinion of [10] “summative assessments are tools to help evaluate the effectiveness of 
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programs, institution improvement goals, alignment of curriculum, or student placement in specific 
programs” (p. 869). 

In [6], summative assessment is also called assessment of learning. For these authors, this 
assessment is useful for accountability purposes, e.g., grading and promotion, yet it is not useful for 
supporting personal learning. On the other hand, in formative assessment the goal is to gauge student 
learning while it is happening. Being more learner-centred than summative assessment, it is referred 
in literature as assessment of learning in progress. This kind of assessment is used to improve 
instructional methods and provide student feedback throughout the teaching and learning process. 
The results are used to modify and validate instruction. Research suggests that formative assessment 
is an effective strategy for enhancing student learning and that effective feedback leads to learning 
gains ([6], [11], [12]). Helpful feedback provides specific comments to students about errors and 
suggestions for improvement within a model of self-regulated learning. It also encourages students to 
focus their attention knowingly on a specific task rather than on getting the right answer [13]. 

Table 1 summarizes the main differences between summative and formative assessment. 

Table 1.  Comparison of Formative and Summative Assessment (reproduced from [9]) 

Formative Assessment  Summative Assessment 

To improve instruction and provide 
student feedback Purpose To measure student competency or 

mastery 

Ongoing throughout unit When administered End of unit or course 

To self-monitor understanding How students use 
results 

To gauge progress toward course or 
grade-level goals and benchmarks 

To check for understanding and provide 
additional instruction or intervention 

How teachers use 
results For grades, promotion 

Based on the initial idea of the model of feedback and self-regulated learning of [14], a conceptual 
model of formative assessment and feedback was proposed by [15]. This model (presented in Figure 
1), synthesises some important key ideas of researchers in this area ([16], [17], [18], [19]). 

 
Figure 1. A Model of Formative Assessment and Feedback (reproduced from [15]). 

From the research literature on formative assessment and the conceptual model, [15] identified seven 
broad principles of good feedback practice:  

1 Facilitates the development of self-assessment (reflection) in learning; 
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2 Encourages teacher and peer dialogue around learning; 

3 Helps clarify what good performance is (goals, criteria, standars expected); 

4 Provides opportunities to close the gap between current and desired performance; 
5 Delivers high quality information to students about their learning; 

6 Encourages positive motivational beliefs and self-esteem; 

7 Provides information to teachers that can be used to help shape the teaching. 

In their work, [15] also provide some examples (eight case studies) to illustrate the seven principles 
applied in practice. 

There are several methods through which a teacher could monitor student learning and check student 
understanding. Methods such as verbal or written feedback on an assignment, essay or project, tests 
and quizzes with multiple-choice, or just simply question and answers in a lecture/ teaching session 
allow to provide ongoing feedback that can be used by instructors to improve their teaching and by 
students to improve their learning [20]. 

In this work we intend to analyse if the use of formative tests with written feedback can contribute to 
an improvement of the results of summative evaluation in the curricular units of Mathematics.  

This paper is structured in the following way: section 2 presents the MatActiva project and section 3 
describes the methodology used in the study. Data collection is exhibited and analysed throughout 
section 4 and in 5, and last section, we draw conclusions based on the research. 

2 MATACTIVA PROJECT 
MatActiva is a project that arose in 2007 at ISCAP and that uses the interactivity of Moodle to help 
students to improve learning and levels of success in the subjects of Mathematics. The MatActiva 
project is intuitive and provides a set of useful functionalities according to the subjects taught in 
mathematics department, such as Algebra, Calculus, Statistics, Financial Mathematics, offering 
support materials and promoting self-learning. In MatActiva students have access to a great variety of 
materials, such as: theoretical notes about several topics, interactive eBooks, video-lectures followed 
by a set of proposed exercises related with the issue presented in the video, diagnostic tests, 
evaluation tests with multiple-choice or true/false questions. A Question Pool was created from the 
scratch, grouped into categories and subcategories, on several topics. The combination of questions 
in each category is randomized and it generates a high number of different tests that students can 
solve online and submit, taking conscience of their level of knowledge. Furthermore, feedback is 
provided for each question, allowing students to see the proposed solution, step by step. A forum, 
where students can put their doubts online and receive answers giving by a teacher, encourages the 
communication amongst all participants. Some challenges that are created to stimulate students’ 
interest in mathematical problems are also available in the MatActiva site. 

The project is intended for all ISCAP students who have Mathematics subjects in their curriculum or 
who want to improve their mathematical knowledge. Also, ERASMUS students can find support in 
MatActiva since some material has been developed in English. 

The main goals of the project are: 

1 To increase student motivation; 
2 To promote self-learning and self-assessment; 

3 To develop math skills; 

4 To encourage the communication between students and teachers and between students; 

5 To promote the enjoyment and enthusiasm for mathematics. 

3 METHODOLOGY 
This study target first year students that attend the math subject at the first semester (winter semester) 
in 2016/2017 at ISCAP. We intend to analyse if the use of formative tests can contribute to an 
improvement of the results of summative assessment in the curricular unit of Mathematics. In addition, 
we intend to understand the students’ perceptions about formative assessment. 
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The participants had to perform two tests in Moodle in two different periods of time. The first test, 
scored between 0 and 6, was composed of 6 multiple-choice questions on the topic Functions (FT1) 
and the second test (FT2), scored between 0 and 8, was composed of 8 multiple-choice questions on 
the topic Linear Algebra. All questions were chosen from the database categories and based upon 
material to be covered in the course. These results were then compared to those obtained by students 
in a corresponding summative test (ST1 and ST2) in the math subject. 

The study was performed with a total of 20 students enrolled in the courses of Accounting and 
International Commerce that carry out the two formative tests, FT1 and FT2. This group of students 
will henceforth be designated by G1. Although a higher number of students had performed the 
formative tests, they were not included in the study because they only performed one of the two tests. 
This group shall be designated by G2. 

In order to understand the students’ perceptions about formative assessment and to improve the 
project taking into account the real students’ needs, they were asked to complete an online survey. 

4 ANALYSIS 

4.1 The participants 
We started by the characterization of the participants involved in the study. A total of 72 students (G2) 
completed the survey that was implemented on LimeSurvey. 

Figure 2 shows that the majority of the participants are female.  

 
Figure 2. Participants by gender. 

The age’s students are displayed in Figure 3. The mean age is 23.7. 

 
Figure 3. Participants by age. 
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4.2 Results 
The results reported are divided in distinct sections. First, we analyse the results related with the 
formative and summative tests and then we discuss the survey outputs. Next, the students’ opinion 
are scrutinised and finally we present some analyses based on learning analytic tools. 

4.2.1 Formative tests 
In Table 2 we can observe some statistics about the results obtained in the formative (FT1 and FT2) 
and summative (ST1 and ST2) tests performed by G1. We can note that the best results are obtained 
from summative tests. 

Table 2.  Statistics of Formative and Summative Assessments 

 FT1 ST1 FT2 ST2 
min 0 0.33 0 0 

max 6 6 7 8 

Q25 0.5025 3.165 1 4.165 

Q75 2 5 2.7525 6 

mean 1.467 3.9 2.2835 4.967 

median 1.33 4 2.33 5.5 

sd 1.568895 1.626896 1.630116 2.124385 

Boxplots in Figure 4 and Figure 5 demonstrate differences between tests. 

 
Figure 4. Results of Formative Test 1/Summative Test 1. 
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Figure 5. Results of Formative Test 2/Summative Test 2. 

Comparing FT1 with ST1 and FT2 with ST2, similar behaviours can be observed regarding the 
asymmetry of the distributions. Identical variabilities are observed for the first tests (FT1 and ST1), 
which is not clearly observed in the second case (FT2 and ST2), justified by the presence of outliers. 
There is a clear movement of the median in the "growing" direction and an increasing value of the 
mean.  

The ANOVA results in Table 3 and Table 4 show significant differences between FT1 and ST1 (p = 
2.37x10 -5 < 0.0001) as like FT2 and ST2 (p = 6.6x10-5 < 0.0001). 

Table 3.  ANOVA results to FT1 and ST1. 

 Sum of squares df Mean square F p-value 
Between groups 59.19 1 59.19 23.18 2.37x10 -5 

Within groups 97.06 38 2.56   

Total 156.25 39     

Table 4.  ANOVA results to FT2 and ST2. 

 Sum of squares df Mean square F p-value 

Between groups 72.01 1 72.01 20.09 6.6x10-5 

Within groups 136.24 38 3.59   

Total  39    

4.2.2 Survey 
The survey in this work includes questions about the formative tests settings, feedback, relations 
between formative and summative tests and students’ attitudes. The model used for the survey 
response it was the Likert scale (1 – 5). 
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Table 5 summarizes the students’ opinion (FT and ST designate formative and summative tests, 
respectively). 

Table 5.  Students’ opinion about formative tests. 

 Question Positive 
opinion (%) 

Settings 

The FT should not have a limit on the response time 46 

The FT should allow only one attempt 13 

Make available the FT 10 days before the ST is enough 82 

Formative/Summative 
relations 

FT improve my final grade in Mathematica 100 

FT are useful to contents review 100 

FT stimulate and increase the theoretical knowledge 100 

Feedback 

The FT feedback by question is very useful 91 

The FT feedback by question it was enough to correct the 
mistakes 77 

The general FT feedback is very useful 91 

Attitudes 

The FT reinforce my motivation to study 93 

The FT promote my self-learning 96 

The FT contribute to identify my weakness 100 

The FT contribute to increase my self-confidence 89 

The FT change my way of learning 79 

4.2.3 Students’ opinion 

In order to develop the MatActiva project towards the students’ needs, questions related with the 
whole project are also included. In addition, improvement suggestions are asked. The survey results 
were satisfactory in what concerns to the survey goals and objectives. Most students expressed their 
opinion on what could be improved. Overall what is requested by students is that the MatActiva 
continues to provide more help, especially with regard to formative tests (with feedback) for other 
topics covered by mathematic subjects. They also ask to develop more learning materials, namely 
mathematics audio-visual resources. Another suggestion point out the improvement of the topic 
Doubts, requesting even more support from the teachers involved in the project. Students with weak 
preparation or without consolidated basis in Mathematics fields asked more material to improve their 
basic knowledge and overcome their difficulties in Mathematics. 

4.2.4 Analytics 
In this section we present some results of the training tests and other topics on MatActiva project 
provided by Google Analytics and other Moodle statistics. Google Analytics is a tracking application 
offered by Google that tracks and reports website’s traffic. This application generates statistics about 
the visits and the user interactions, such as number of sessions and Average Sessions.  

In Table 6 we present the number of students that accessed each of the materials available in 
MatActiva, considering only the eleven ones with the highest number of accesses.  
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Table 6.  Number of accesses in the MatActiva activities (reproduced from [21]). 

 Accesses 
Mathematics Zero  
Video classes and Diagnostic Test 6651 
Learning  

Support Forms, Lesson Plans and Practice Problems 4385 
Calculus  
Random Test - Multiple Choice (Functions) * 16784 

Random Test - Multiple Choice (Integrals) 19448 
Random Test - Multiple Choice (Series) 6854 
Statistics  
Random Test - Multiple Choice (Permutations and Combinations) 10806 

Random Test - Multiple Choice (Discrete and Continuous Distributions) 5568 
Algebra  
Random Test - Multiple Choice (Matrix and Systems) * 7571 
Doubts  

Algebra 430 
MathChallenge  
MathChallenge 2014/2015 3177 
Erasmus  

Tests 55 

We can verify that quizzes (random tests) are the ones most used with large advantage. In addition to 
the formative tests, the students could also have recourse to other types of materials, namely training 
tests that would enable them to improve the study in the two topics (functions and algebra) that was 
addressed in this work (see * in the table). 

5 CONCLUSIONS 
Concerning to conclusions, overall this study was quite positive. However we found that there are 
small details that have to be corrected in future, namely the lack of a control group, as a large sample 
size more representative of the population in study, which would increase the chance of finding a 
significant difference. 

Students’ responses confirm in an undeniable form what is referred in literature review. 

When asked about the duration of the two formative tests available (FT1 – 46 minutes; FT2 – 60 
minutes), most students agree that “the formative tests should not be of limited duration”. 

For most of students it is important that formative tests let them to submit more than one attempt so 
they can repeat the process and focus their studying, however multiple attempts change how the test's 
final grade is calculated and we want to compare both results (FT and ST). 

In general, the time elapsed between the formative and the corresponding summative test is enough 
(10 days). 

Providing feedback for each test and each question, in the students’ opinion, is very useful and 
important to improve their learning. 

The last part of the survey consisted of 5 questions regarding students’ attitude towards formative 
tests in MatActiva Project. The majority of students have positive attitudes towards FT, recognizing 
that FT helps them to reinforce their motivation to study, to promote their self-learning, to contribute to 
identify their mathematics weakness and increase their self-confidence. This indicates that students 
are aware of the significance and importance of FT. 
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It is also interesting to notice that one of students’ suggestions was related with the topic Doubts, 
which offers free discussion of math problems in any subject, requesting even more support from the 
teachers involved in the project, however students don’t put their doubts in the topic. 
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