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Abstract. The Massive Open Online Course (MOOC) “Math and Motion”
presents a different way for the interaction with Mathematical knowledge. In this
course, digital technologies are integrated during the process of Mathematical
teaching. These technologies are mixed with Mathematical contents to create a
didactic scenario. In this scenario, numeric, algebraic and graphical represen-
tations are incorporated to the real-life context of linear motion. This scenario
offers learning with a real meaning for the Mathematics knowledge. Assessment
in this new way of interaction with Mathematics considers new challenges
besides its online feature. In Math and Motion, lectures are available in weekly
videos, and each week includes an assessment of multiple responses items
executed in platform COURSERA. In this paper we describe the didactic design
of Math and Motion MOOC and its assessment, as well as the findings during its
first delivery in fall semester 2013.
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1 Introduction

Digital and communication technologies incorporating online access, offer new ways
for delivery courses, and thus expand the autonomy of learners. Nonetheless, it is not
only the access to the course content that could change, we could think in the way to
present the content itself, and the way that design course could be innovative.

As all teachers, we recognize that technology allow students easy access to courses,
and class material distribution and communication. But, in other hand, as education
researchers, experience shows us that technology alone, does not guarantee that people
learn Mathematics better.

In the Ontario Online Learning Portal for Faculty and Instructors [1], it is recog-
nized that society demands urgent changes in education. Emphasis should be about
skills and information management, as well as, how to find, analyze, evaluate and apply
knowledge. Students today should learn and develop skills in a rich and complex
environment where knowledge is always changing and in a constant expansion.

We believe that, as PISA in Focus [2] stated, everything is a creative problem
solution. Adapt and learn from mistakes are skills that demand from students, an open-
mind attitude towards unknown or uncertain situations. Having good grades in school
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courses does not assure, that students develop intuition to imagine new solutions for
Mathematics problems.

The problems related to learn Mathematics in education institutions show the
necessity to conduct education research. Our professional experience in Mathematics
Education allows us to understand this reality in order to transform it. Today, digital
technology creates new opportunities to change positively the learning process. That is
what Math and Motion— a Massive Open Online Course (MOOC) — proposes, a free
access course in which the use of technology contributes and enriches the process of
learning Mathematics.

An important learning experience taking place at the MOOCs is in the process of
assessment, where the learner has the opportunity to achieve the highest possible rating
by performing the test many times as necessary. That means a challenge for the test
design in order to evaluate Mathematical skills.

In this paper we communicate this didactic experience, showing a different way of
learning Mathematics, using technology, and a different kind of assessment to evaluate
learning. First, we discuss some background elements that allow us to explain our
approaching to the Mathematical knowledge in the lectures of Math and Motion. Then,
we deep into particular details of digital technologies, integrated in Mathematical
content to foster the development of skills. After that, we discuss about the design of
online assessments, taking into account, the technological features that the Coursera
platform offers. Finally, we communicate assessment’s results for the first MOOC
experience in fall semester 2013.

Concluding remarks allow us to sum up the MOOC experience of Math and
Motion, and bring to the fore how digital technology could change Mathematics
education and its assessments, giving an opportunity to innovate Math curriculum.

2 The Didactic Scenario in Math and Motion

Conventionally, the teaching and learning of Mathematics takes place in a sequence of
courses showing disjoint branches of this science, like Arithmetic, Algebra, Geometry,
Analytic Geometry and Calculus. Each course presents contents in a logical way, and
emphasizes routine procedures to solve exercises. In this kind of courses, the emission
of a grade is done by an exam designed to measure the mastery for solving exercises.

In Calculus textbooks there are chapters following more or less this usual order:
real numbers, functions, limits, continuity, derivatives, applications of derivative,
integrals, applications of integrals. Textbooks include a lot of exercises in each chapter
and it is assumed that students should practice with these exercises. Learning Calculus
can then be confusing to find limits, derivatives and integrals. We find here a risk,
because this kind of learning is not related with any real problem solution, it is just the
performance of several routine procedures without real meaning.

Besides this common practice, it is noticeable that this textbook’s structure always
leaves the chapter for applications at the end, hinting that first you learn theory and then
you apply the theory. However, the meaning of Calculus is in the applications. The real
meaning has been an important element in Mathematical knowledge creation.
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So, favoring the learning of meaning in Mathematics, should we teach Applications
Chapters first? Unfortunately, it should be noted that application chapters also present
the same structure than the rest, giving equal importance to applications as application
exercises at the end of the chapter [3, 4].

In this landscape that we have drawn, questions related to curriculum design cer-
tainly arise, and should be taken into account for e-learning.

As part of a research group in Education, we perform a didactic innovation of
Calculus restructuring the presentation of this knowledge basing on Calculus appli-
cations. “Predicting the value of a magnitude that is changing” has been our core
practice. We construct an approach to Calculus notions linked to this real-life practice.
In this way, notions of derivative and integral are deeply connected through their
meaning as rate of change and accumulation of change in real contexts [5].

We have been disclosing this didactic through several actions. In this paper we
share an experience undertaken throughout 2013 when we were invited to participate in
the design of a Massive Open Online Course in Coursera.

The MOOC’s design of Math and Motion involves also, an additional effort for the
integration of specialized digital technology into the process of learning. The video
recordings of our computer’s screen include our face contact with the learner. This
gives us the opportunity to perform and explain an interaction between Mathematical
knowledge and specialized software. In this way, technology plays an active role in the
teaching and learning process.

In Math and Motion, we introduce the study of linear motion as the scenario where
three magnitudes are linked to our prediction: time, position and velocity. This
everyday scenario, invites the learner to “ask questions” that will lead them back to
Arithmetic, Algebra and Analytic Geometry, to combine procedures and find answers.

At the same time, being involved in this analysis of linear motion context, we have
lead to an introduction to Calculus notions and procedures dealing with a real meaning.
Linear motion scenario is an appropriate application of Calculus focusing in the study
of change. The velocity, as rate of change of position over time, gives meaning to the
derivative. The position, as the accumulation of changes (of position) over time, gives
meaning to the antiderivative (or indefinite integral).

It is easy to recognize in Calculus students, some cognitive difficulties that Arcavi
[6] had identified related with the flexibility of representations. It is widely known the
importance of moving from a visual to an algebraic representation, and vice versa, this
as part of Mathematics comprehension.

Duval [7] clarifies some cognitive aspects in the notion of representation, which
become a source of difficulty in learning. Representations, he says, are signs associated
in a complex manner, which meet certain rules to be produced as part of a system. Like
language, they are tools that produce new knowledge as a result of their operation, and
the organization of cognitive structures in our mind.

During a Mathematical activity we combine the systems of representation (alge-
braic, numeric, and graphical). This is key in the cognitive process involved in
Mathematical thinking. Duval [8] identifies two types of transformation taking place:
treatment and conversion. Treatment involves changes in the same system of repre-
sentation, while conversion refers to the ability to switch between representations.

Math and Motion: A (Coursera) MOOC to Rethink Math Assessment 315



The latter also includes the transformation of everyday language statements into
numeric, algebraic or graphical representations.

Even though both transformations are source of problems in learning, conversion is
cognitively more complex than treatment. Difficulties reported in students, leave the
impression that conversion implies a cognitive change that does not follow rules or
basic associations, and as opposed of treatment, it is not possible to reduce it to a
codification [9].

In Math and Motion, we focus in the graphical representation of position and
velocity functions (changing over time) as an important step towards the introduction
of Calculus. Linear motion led by natural language has some features that can be
interpreted visually on the position and velocity graphs. It is mainly the conversion
processes between language and graphical representations that make numerical and
algebraic representations emerge to take part in the interpretation of the motion´s
features.

We finish this section referring to the Programme for International Student
Assessment (PISA), which aims to evaluate education systems worldwide. PISA key
findings give important information to nourish the path that Mathematics education
should follow.

This international survey, taken by 15-year-old students, tests skills and knowledge
not directly linked to school curriculum. PISA test for Mathematics has been applied in
2003 and 2012. Its reports declare Mathematical literacy as the capability of an indi-
vidual to formulate, use and interpret Mathematics in a variety of contexts. “This
includes thinking Mathematically and using Mathematical concepts, procedures, facts
and tools to describe, explain and predict phenomena” [10].

The test focuses on the use of real-life contexts and tools available anywhere and
anytime. This includes physical and digital equipment, also software and Calculus
devices. PISA seeks to measure how well students can use what they know, and apply
it in new or unfamiliar situations. Test questions involve several Mathematical pro-
cedures and contents; this forces their classification in terms of the greater source of
demand for an answer. Categories named employment, formulation and interpretation
claim different demands from Mathematics knowledge [10].

Math and Motion proposes the phenomena of linear motion as a didactic scenario
for giving real meaning to Mathematics knowledge. It intends to provide a frame for
cognitive action, where the learner can lead to questions involved with this real context.
Video lectures invite to transfer questions in Mathematics contents, apply Mathematics
procedures and finally interpret the results as useful information about the linear
motion. In order to do so, digital technology takes an important place, as we propose in
next section.

3 Technology Integrated in Math and Motion

Gómez [11] points out the level of interest that the academic world is having upon the
integration of technology in the process of teaching and learning. Educational insti-
tutions show their concern for what is expected with recent developments, emergent
technologies, and the age of the information and communication technologies (ICTs).
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The direction of the educational innovation has been influenced by ICTs. But using
ICTs does not guarantee any contribution to the process; instead should be based upon
a scientific body that supports their application.

Del Moral and Villalustre [12] discuss the problem that faculty face, where new
duties are required from them, as experts in these technologies. Teachers have to
develop technological competences that let them use apps and tools didactically.
Competences should include transforming the technological tool in another resource in
the classroom. Teachers are also invited to develop their own teaching labor immerse in
new virtual scenarios.

Our interest in digital technologies aims to favor the learning of Mathematics,
creating a didactic scenario where the use of specialized software promotes the
Mathematical thinking. In order to achieve this, the interaction with the software must
be considered as a dialogue with a partner that knows about Math.

To understand the nature of the mediator role that digital technologies have in the
learning of Mathematics, we consider the theoretical framework from Moreno-Armella
and Sriraman [13]. They distinguish tool from instrument as established in the research
field of cognition, where any cognitive activity is a mediated activity. We can use the
software as a tool, in order to improve calculations or graphics plotting. But the role
changes as an instrument when we make intentional actions with the software, a
dialectical interaction, in order to transform our cognition.

Moreno-Armella and Hegedus [14] propose the concept of coaction, which helps
us understand the effective integration of digital technologies in education. To think
with a semiotic system is to use it as a cultural tool, but to think through the semiotic
system means to use it as a cognitive instrument.

In Math and Motion, we explore this use gradually as we deepen in the analysis of
the linear motion performed by a character: a Tec guy moving in Tec Campus. We use
the SimCalc MathWorlds®Software (hereon SimCalc), designed at the Kaput Center
for Research and Innovation in STEM Education in UMass, Dartmouth. (http://www.
kaputcenter.umassd.edu/products/software/smwcomp/download/).

Salinas [15] presents a way to integrate SimCalc into the learning of Calculus in
order to promote an image that includes the graphic of the position with respect to time,
along with the graphic of velocity with respect to time in a linear motion case. The
software allows the intentional interaction with the graphics of velocity and position.
Dragging velocity graph, the software responds with the corresponding reaction in the
position graph. This is possible because the software infrastructure includes the Fun-
damental Theorem of Calculus.

Design we produced in SimCalc gives the initial scenario for the introduction of the
real-life situation of linear motion, and the core practice of predicting values for the
position. Several questions arise from this scenario; some questions need a further
analysis of the numeric information and the algebraic representation. The answer
involves the flexibility between the different Mathematical representations. Figure 1
shows some pictures illustrating video lectures of Math and Motion with SimCalc.

Some other digital technologies for plotting and graphing are used to deepen into
knowledge provided originally by SimCalc. Figure 2 shows some of those moments
that involve the flexibility of representations as an important component for the
learning process.

Math and Motion: A (Coursera) MOOC to Rethink Math Assessment 317

http://www.kaputcenter.umassd.edu/products/software/smwcomp/download/
http://www.kaputcenter.umassd.edu/products/software/smwcomp/download/


4 The Assessment in Math and Motion

Math and Motion cares for the flexibility of representations as a Mathematical skill.
This implies considering cognitive difficulties related with the conversion and treatment
processes with representations, even with language. It is also important to manage in a

Fig. 1. Use of language, numeric, algebraic and graphical representations in videos

Fig. 2. Scenes showing flexibility of representations

318 P. Salinas et al.



balanced way the use of natural language with numeric, algebraic and graphical
representations. Therefore, designing assessment, we focus in the Mathematical skill of
transferring information between the different types of representation.

Our institution asked us to work in the design of a MOOC with six weeks long,
which is a common term for this kind of courses. But finally we were asked working in
a fourteen weeks design, in order to take advantage of the MOOC at our own readiness
course in College. Learners had access to ten videos per week (15–20 min each) and
this material is evaluated in the week assessment. The assessment, once activated,
remains available during the MOOC period.

Coursera platform powers the fourteen assessments. This is the only way to have a
grade for the course. Based in the concept of Mastery Learning that Coursera handles,
each assessment could be taken as many times as the learner wants to. Each assessment
contained 100 total points, and a maximum of 90 min to complete it.

Learners are informed about the policy to receive a State of Accomplishment
document. The higher score obtained in each week assessment, no matter how many
times done, is stated as the effective grade for that week. The final grade of the course
is calculated as the average of the top 12 weekly effective grades (out of 14 total).
Learners receive from Coursera the State of Accomplishment if their final grade is
equal or greater than 70.

Assessments consisted of 5 questions in a multiple-choice format, having 5 choices
each; all questions have the same score. Dealing with a multiple-choice question means
that learner should understand the context of the situation posed, and take decisions
about selecting or not selecting each choice, in terms of being it right or wrong as an
interpretation of the situation. Partial score is assigned to each right choice selected,
20 % of the question total score. No points are given if wrong choices are selected, or
right choices are not selected. Finally, when wrong choices are not selected, 20 % of
the question total score is given. Table 1 shows the assigned score every time a choice
is selected, or is left blank for a given question. Table 2 illustrates an example in which
2 out of 3 right choices are selected, and 1 out of 2 wrong choices are selected.

Each assessment is generated randomly and dynamically. A fixed number of
questions are chosen from an available set of questions called question group, in the
assessment source code. Each question group contains variations of the same question,
and each variation contains at least a set of answers. This way, an assessment contains
up to three levels of randomization: from each question group, i variations are ran-
domly chosen, and from each selected variation, j answers are randomly chosen.

Table 1. Score assigned to the type of choice in each question

Score assigned to each choice

Is it selected?
Type of choice Yes No

Right 0.20 0.00
Wrong 0.00 0.20
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All j answers are then shown in a random order. Randomization applies on each level;
this makes a real challenge for the learner to achieve a better grade, as each try consists
of another random selection of questions.

A total of 73 question groups were designed, and with the random generation
considered, a total of 369 variations for them complete the assessment event. It is worth
mentioning that we used LaTex in all Mathematics symbols in order to improve their
loading and layout. The interpretation was done with MathJax script, which Coursera
platform offers. After Mathematical expressions were interpreted, the embedded in the
corresponding assessment was done as an auto-generated SVG (Scalable Vector
Graphic). Figure 3 shows an example of a question.

Table 2. Example of scoring a particular question

Choice Is it selected? Score
assigned

1 Right Yes 0.20
2 Wrong Yes 0.00
3 Right Yes 0.20
4 Right No 0.00
5 Wrong No 0.20

Score obtained in this item 0.60

Fig. 3. Example of question, from language (and numbers) to graphical representation
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5 The Assessment Experience in Math and Motion

Here we present relevant information obtained during this first experience with Math
and Motion, in which 15229 users registered. From that total, only 10016 users could
be considered active, which means they enter and access content from the course at
least once.

In order to be fair with the findings to present here, we have to recall that many
reports of low completion rates have shifted the MOOCs’ narrative. In the language of
the Gartner “Hype Cycle”, MOOCs have gone from the “peak of inflated expectations”
in 2011–2012, to the “trough of disillusionment” in 2013–2014, when they don’t turn
out to be the silver bullet that solves higher education’s problems. Nevertheless, fol-
lowing the classic hype cycle we could see MOOCs now rise through a “slope of
enlightenment” and their benefits could be better understood [16].

According with the information provided by the Coursera report [17], between 5 %
and 10 % of the enrolled users actually passes or gets a State of Accomplishment in a
MOOC. James V. Green, from the University of Maryland, during the 2013 Coursera
Partners’ Conference, highlighted that not all students or users intend to pass in a
MOOC. Many are just interested in taking the content, probably learning the material
or discussing with other students with similar interests in the forums.

For our case in Math and Motion we had that from 10016 total active users, 612
passed the course, which represents a 6.11 % approval percentage. Table 3 shows
frequency of final grades in intervals, with a total population of 662 students that took
at least 12 assessments in order to be graded.

Table 4 offers information about the overall performance for each of the fourteen
assessments, as observed, a 14 weeks long MOOC is a quite ambitious enterprise. It is
noticeable the reduction of users doing the assessments as the weeks pass by. Infor-
mation about the average for each assessment is around the passing grade, which is 70.

Finally we present information about the design of questions on the 14 assessments.
Being interested in the skill of flexibility of representations, the design of questions
should consider the conversion or treatment processes with representations. Table 5
shows some balance between the transformations.

Table 3. Intervals for final grades and distribution among them

Grade interval Users

100 7
[90,100) 204
[80,90) 243
[70,80) 133
[60,70) 56
[50, 60) 18
[40, 50) 1
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6 Concluding Remarks

In this first MOOC delivery, Math and Motion obtained the expected percentage of
enrollments that get the State of Accomplishment (6.11 %) as reported from Coursera
(5 %–10 %). We consider in this a positive fact, due to the 14-week-long extended
format offered, and maybe also because of the Math theme, that may cause less interest
to the public in general.

Table 4. Participants that took assessments and average score for each week

Record of grades per week
Week Users that took the test Average

1 2679 79
2 1764 76
3 1354 75
4 1159 79
5 1016 74
6 898 73
7 865 73
8 833 70
9 759 75
10 747 69
11 714 68
12 688 69
13 678 69
14 652 68

Table 5. Distribution of the design of questions according to the type of treatment and
conversion considered.

Design of questions considering the kind of process
Number of questions Percentage

Kind Treatment
Algebraic 28 38 %
Graphical 10 14 %
Numerical 3 4 %

Conversion
From real context to other 12 16 %
From graphical to other 11 15 %
From algebraic to other 7 10 %
From numerical to other 2 3 %
Totals 73 100 %
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Low course completion has been a frequent criticism for MOOCs, and the origin of
this could be an unfair comparison with courses in campi. The perspective should be
that online learning is different from the traditional academic setting.

Masie [18] states that in a MOOC, the low rate completion is meaningless without
any additional context. Everyone enrolled comes in a different level of understanding
and expertise, not everyone needs every segment of the course. Or they just want to
learn without any commitment. Numbers that really matter are the reviews and ratings,
is important to understand the users perception about the value of the MOOC. Low
completion rates plus negative commentaries, is not a good sign. On the other hand,
low completion rates, plus whole positive feedback is a very good sign; it means they
got what they wanted.

We agree with this; our experience in formal education could not compare with the
one on Math and Motion. The opportunity to get in touch with so many people, of
different ages, around the world, and share their enthusiasm for a different teaching and
learning of Math, has been a priceless opportunity in our professional practice.

Recent research pursues clarifying the value of MOOCs. Kassabian [16] finds a
partially match between the MOOC goals in the narrative playing out in press, and the
MOOC goals for the universities. Common goals to public narrative and the univer-
sities are improving access to education and deriving reputational benefits. But the
MOOC potential to improve College completion, or to control College costs, has been
just expressed by public narrative. Those goals do not appear with universities. Instead,
universities claim to pursue education research and to improve classroom education.
That is our case; we have been developing research and improving our readiness course
to College: Introduction to College Mathematics.

With Math and Motion we have joined the challenge to offer a better education to
everyone, and at the same time, show how digital technologies can transform Math-
ematics learning. The complexity of the thinking processes that our society demands,
have an opportunity to be experienced with the learning of Mathematics. This could be
possible if we manage to change the way of interacting with this science. The inte-
gration of digital technologies can be an ally in this aim, as long as it is considered a
research matter for Mathematics Education.
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