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Abstract: The design of the formative and summative assessment processes is of paramount importance
to help students avoid procrastination and guide them towards the achievement of the learning objectives
that are described in the course syllabus. If the assessment processes are poorly designed the outcome
can be disappointing, including high grades but poor learning. In this paper, we describe the unexpected
and undesirable effects that an on-demand formative assessment and the timetable of a summative
assessment that left the most cognitively demanding part, problem-solving, to the end of the course,
had on the behavior of students and on both grading and learning. As the formative assessment was
voluntary, students procrastinated till the last minute. However, the real problem was that due to
the design of the summative assessment, they focused their efforts mainly on the easiest parts of the
summative assessment, passing the course with ease, but achieving a low learning level, as evidenced
by the low scores of the problem-solving part of the summative assessment.

Keywords: formative assessment; summative assessment; learning; procrastination

1. Introduction

The syllabus of a course includes, among other things, the learning objectives, a de-
scription of the assessment procedures and the means, including the formative assessment,
the students are supposed to use to reach the established objectives. This guide is at the
disposal of the students since the beginning of the course and, if properly followed, it is
supposed to be a priceless tool for the students in their learning path. However, to reach
the learning objectives, the assessment processes and the means at the disposal of students
must be carefully chosen and used along the course.

Therefore, one of the most important actions teachers can take is to design cleverly
the formative and summative assessment processes [1–3]. The first one will provide the
students with feedback and useful information about their degree of understanding of the
studied matter [4,5] so they can have a predictor of the outcome [6,7] and know where to
direct their efforts, leading to a self-regulated learning [8,9]. The second one will provide a
formal certification of the acquired knowledges and skills.

To design the assessment procedures, it must be taken into account that a good grade
is not always synonymous with a good understanding of the matter. Usually, the main aim
of students is to pass the exam optimizing the use of the resources at their disposal [10,11],
of which time is the most important and the one that must be reduced to liberate hours
that will be used in the extensive social life associated with their age. The main aim of
the teacher is to help students in their learning process and that usually means getting
the students to spend, in a continuous and well-organized way, as many resources as
necessary in their education, as that will guarantee a good outcome. Combining both
views is not an easy task [12,13] and calls for a good knowledge of the behavior of students
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and how and when they will use the resources at their disposal. Lack of experience or
unexpected mistakes can spoil easily all the work and, worse still, the consequences can
even go unnoticed.

Part of the problem can be caused using automated online tools, mainly based on
quizzes, which on the other hand also have multiple and great advantages [14]. In fact,
online quizzes are displacing teachers in the task of marking written homework and in
giving students the necessary feedback. Furthermore, this change has been accelerated
worldwide due to the changes and restrictions imposed due to the COVID-19 pandemic.

Despite this change seems desirable and unstoppable, it has some disadvantages. Two
of them are:

• Teachers can feel their involvement in the learning process of students is less and less
necessary. The possibilities online quizzes offer can lead to the design of on-demand
and automated formative assessment systems based on online quizzes where the
participation of the teacher is very limited. This will not be a problem for the more
motivated and skilled students, but can be a problem for the rest of them as no one
with experience is helping them during the course.

• Quizzes and other online tools are not very well suited for time-consuming and
cognitive-demanding activities like solving numerical problems. This does not mean a
quiz cannot be used to test high-level cognitive skills [15], but if a quiz is defined as a
set of short questions that must be answered in 1 or 2 min, essays and time-consuming
questions that require a long calculation process are inevitably ruled out.

The first disadvantage leads immediately to procrastination or avoidance if completing
the formative assessment is not mandatory, but voluntary.

Procrastination, which can be defined as an irrational tendency to postpone perform-
ing a task is recognized as one of the main threats to student performance [16,17], leading
not only to a decrease in the quality and quantity of learning, but also to an increase
of stress[18] that affects even private life. The causes of procrastination in an academic
context have been studied during recent decades and include variables such as internet
addiction [19], self-esteem, perfectionism, planning skills, extroversion, emotional intelli-
gence and self-efficacy [18], although self-efficacy and procrastination are, by definition,
antonyms and mutually exclusive. Nevertheless, the main causes of procrastination during
the young age could be related to the inevitable preference of students for socializing and
enjoying life and the absence of a pressing need to earn a living. The immediate reward
associated with socializing and fun activities is hardly comparable to the distant payoff of
working today in something that can be done tomorrow [20].

Another problem is that although students can receive the correct answer and even an
explanation from the automated system, there is no guarantee that they will understand it,
and as the interaction with the teacher is reduced (not on purpose), they could be more
reluctant to ask for support, something that is anyway a widespread problem [21], even
when encouraging them actively ameliorates the problem [22].

The second disadvantage does not mean online quizzes are not pertinent. As a matter
of fact, online quizzes are a highly demanded option by students and seems to improve
their summative assessment [23–26], although there is no advantage with regard to written
quizzes [27] and some authors doubt whether doing online quizzes improves the final
marks or, simply, the more skilled and willing students do more quizzes [28,29]. Some
even doubt if in some cases the relation exists or if it is positive [30,31], possibly due to
the detrimental effect of overconfidence [6]. That said, if complex and time-consuming
questions are ruled out, it will be difficult for the students to reach a deep understanding
of the studied matter.

This paper presents a study of the causes of the undesirable and unexpected con-
sequences changes in the formative and summative assessment procedures had on the
learning of the students of a materials science course and why they almost went undetected.

The changes, part of them requested by the students in previous years, consisted of
changing from a weekly summative assessment that was also used as formative assess-
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ment to an online, automated and on-demand system-based mainly in quizzes for the
formative assessment and in using 2 online exams based on quizzes and one last writ-
ten exam aimed at evaluating the numerical problem-solving skills of students for the
summative assessment.

The new assessment procedures led to an increase in the scores obtained in the quizzes
part of the summative assessment but also to a significant drop in the scores obtained in the
written exam. Most of the students passed the course but with a low grade due to the low
scores of the written exam that required a deeper knowledge, calculations and a slower
and more thoughtful work.

The problem was the formative and summative assessment were poorly designed
to force the activation of self-regulated learning, or rather, self-regulation consisted of a
shortcut that avoided the effort of a profound learning. The identified mistakes give a
word of advice against assessment procedures that do not prevent procrastination, allow
students to pass the course completing only part of the assignments or only evaluate part
of the skills students should have acquired.

2. Materials and Methods
2.1. Changes in Assessment Procedures

“Materials” is one of the required courses students must take during their second
year of studies towards a bachelor’s degree in Industrial Design Engineering and Product
Development at the Valencia Polytechnic University in Spain. This course, with near 150
students enrolled every year, is divided into 14 chapters and the minimum score to pass
the course is 5 out of 10. The course extends over 15 weeks.

The summative assessment procedure was changed for the 2019/2020 course to satisfy
the demands of part of the students that expressed that a continuous summative assessment
was too demanding and stressful, leaving less time that desirable for other courses. In fact,
this feeling has also been observed by other authors [32,33] and affects teachers [34]. The old
grading was:

• One online quiz with 10 questions for each chapter except the first one: 15%.
• One online problem for each chapter except the first one (by problem we mean time-

consuming questions that require a numerical calculation process). The solution was
sent scanned or photographed: 15%.

• Two written exams with 10 problems, one mid-semester and another one at the end of
the course: 55%.

• Lab reports and post-lab questions and three online quizzes about the lab sessions: 15%
• There is no minimum passing grade for the different parts of the assessment.

The last rule is part of the assessment code established by the Higher Technical School
of Design Engineering where the course is taught.

Regarding the formative assessment, the online quizzes and problems were supposed
to give enough feedback to the students, as one was done almost every week.

The new grading was:

• Two online quizzes, one mid-semester and another one at the end of the course: 35%.
• One on-site written exam with 10 numerical problems at the end of the course: 40%.
• Lab reports and post-lab questions: 25%
• There is no minimum passing grade for the different parts of the assessment.

In this case, the students had at their disposal a series of online quizzes (10 questions
each one) and some online problems involving mathematical calculations from the begin-
ning of the course. The questions for the quizzes were randomly taken from a database that
contains between 30 and 110 questions for each chapter. There was no time limit, and the
students could take as many quizzes as wished. Once the quiz was finished, the students
received their score immediately along with the correct answers. The online formative
problems were scored automatically by comparing the numerical result introduced by the
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students with the correct one, allowing some margin of error, but no description of the cor-
rect calculation process was given. This way, feedback was provided by the system without
the intervention of the teacher unless students asked for a tutoring meeting. The questions
for the summative quizzes were not taken from the same database than the questions for
the formative quizzes.

The change was supposed to provide students with a means to obtain direct and
continuous formative assessment during the course, but, despite previous years, when the
quizzes were mandatory and part of the summative assessment, its use was voluntary and
dependent only on the behavior and will of students.

The consequences of the changes showed there was a fault in the design of the
assessment procedures that should be investigated. This fault was supposed to be related to
how the students adapted their behavior to the new formative and summative assessment.

2.2. Participants

During the year of study, 135 students enrolled the course, 48% male and 52% female.
Apart from gender, the students form a homogeneous group of mainly Caucasian Spanish
students with a medium-high income and cultural level. Only 2 students were South
America natives and other 2 were from North Africa. Those quantities are not high enough
to consider an investigation on the student behavior based on ethnicity.

Except 1 north African student, all of them had studied in Spain since childhood and
even this student had been living in Spain for 8 years. Therefore, in general, no language
difficulties were expected. Additionally, no disabilities were reported by any student.

2.3. Methodology

The effects of the changes in the assessment procedures were evaluated by compared
to the mean summative scores obtained by the students in the previous years, mainly,
the year before the change, although that year is a good representative of all of them.
As some consequences of the changes were undesirable, the changes are not going to be
maintained any more. Therefore, there is not the possibility of obtaining new data from
the scores of another year with the same assessment procedures, what could confirm the
findings presented in this paper. Nevertheless, the differences in the problem-solving part
of the summative assessment were considered big enough to be credible and a consequence
of the changes. Additionally, once the behavior of students and the assessment timetable
was studied, the consequences seem logical.

To study the behavior of students and disclose the relationship between that behavior
and learning, we studied the data collected by the learning management system of the
university, based on Sakai. The data available is divided in two databases: The first one,
automatically collected, includes identification of the student, start and finish time for each
formative quiz or problem and scores. This data were available for all chapters except
chapter 8 due to computer problems that led to the loss of that data during the onset of the
COVID-19 pandemic. The second part included identification of the students and scores of
the summative assessment, which was introduced manually by the teachers. After retrieval,
the data were analyzed using macros programmed in MS Excel. The students’ ID served as
a link to relate both databases.

As the changes consisted mainly of an on-demand formative assessment and of
changes in the summative assessment, the relation between them and summative scores
were analyzed. The first step was to study the behavior of students with regards to the
voluntary formative assessment. The number of formative quizzes and numerical questions
taken per course week and per student were counted. This simple analysis provided a
rough view of when and how much the students used the formative assessment along
the course.

The consequences of the design of the formative assessment were studied by relating
the amount and type (quizzes or problems) of formative work done by the students along
the course with the scores of the different parts of the summative assessment. The tem-
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poral distribution of the work done showed a direct relationship with the summative
assessment, what provided the main clue to find the most critical mistakes of the new
assessment procedures.

3. Results and Discussion

132 students took a least one quiz or solved a numerical problem. In total, 20,358 quizzes
and 1205 problems were done (excluding the ones concerning chapter 8 of the course),
which implies each student did a mean of 154 quizzes and 9.1 problems, not even one per
chapter. Figure 1 gives a better perspective on how many formative quizzes and problems
did each student. Almost 60% of them did less than the mean value of quizzes (154 quizzes
per student) while 7.5% students did more than 300 quizzes in total.

Figure 1. Number of students that have done a certain number of tests and problems.

There was a slight difference in the number of tests done between male and female
students, while female students did a mean of 165.6 tests along the course, male students
did a mean of 141.3 tests. On the other hand, male students did a mean of 9.9 numerical
problems while female students did a mean of 8.3 numerical problems. The difference
is not big, but seems to indicate female students are more conscious of what parts of the
summative assessment are more important to pass the course and, so, they prepare for
them with a bit more intensity.

The study of the time students used to complete the quizzes show that 65% of the
quizzes were finished in 5 min or less, while 30% were finished the quizzes in 2 or less
minutes. The commonly accepted value is 1 min per question [35], with being verified that
longer times could lead to a decrease in performance in terms of scores [36]. This means
the quizzes should be answered in around 10 minutes.

One of the potential explanations is that as the number of quiz questions in the
database is 3 to 11 times the number of questions in the quizzes, the students used to repeat
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the quizzes time and again in an attempt to view as many questions as possible in their
attempt to prepare for the summative assessment. After the first quizzes, many questions
repeat, what means the answer is known. If that is the case, the students can answer very
quickly (they can even mark the correct answer without reading it if they recognize it
visually). In any case, the time needed to complete the test is reduced considerably.

The number of numerical problems done by the students is much lower than that
of quizzes. Not only were they available in less quantity, but required more time, were
harder to solve and, overall, the capacity to solve such problems was not evaluated until
the end of the course. The limited use of the available online numerical problems as a tool
for formative assessment is unfortunate because problem-solving require a different set of
skills and cognitive skills than common quizzes [37], where the work with data or formulas
is very limited, and that work is important to reach all the goals listed in the syllabus.

Additionally important is to know if the effort of the students was distributed equally
along the course, something that would show a high level of self-regulation, what is
accompanied by a higher level of academic success [9]. Figure 2 shows that was not the
case and that despite the great number of quizzes done; this kind of formative assessment
was concentrated in the two weeks before the summative assessments.

Figure 2. Distribution of the number of formative quizzes and problems done by week.

Although unfortunate, this is the typical behavior of students if effective measures
to avoid academic procrastination are not implemented in the class [38]. The level of pro-
crastination varies from 50 to 90% according to different authors [39,40] or even more [41].
In this case, if the level of procrastination is calculated as the number of quizzes done
during the 2 weeks before each exam divided by the total number of quizzes, procrastina-
tion reaches nearly 90%. This is not how procrastination percentage is usually calculated
(using self-reports about executive functioning [42]), but gives a good image of the problem
because 4 weeks (two weeks before each quiz exam) accounts for around 23.5% of the
course duration, including non-teaching weeks.

The effect of procrastination is usually stress [43] and a lower learning level [44] With
these facts in mind, it is advisable to implement multiple deadlines along the course so
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that the curve of learning and time dedicated to study changes significantly, as shown in
Figure 3.

Figure 3. Evolution of learning (a) with and (b) without multiple deadlines along the course.

According to the model proposed in Figure 3, if students have several deadlines
distributed along the course, even if they delay the work until the last minute, they will
be forced to study before each deadline. Evidently, they are not studying for the final
exam and the learning level could not be as high as desirable and some concepts will be
partially forgotten as days go on, but not all of them and the scaffold that is created will
help students gain a deeper, greater and faster understanding of the studied matter. With
studied at a steady pace will also reduce the stress level and give them more confidence
before the final exam.

Unfortunately, it seems self-imposed deadlines do not work too well [45], as they are
easily delayed or cancelled. To be effective those deadlines should be somehow imposed by
the teacher. This was one of the main problems of the design of the formative assessment.
Students were not forced to take the quizzes after each lesson and, as a consequence, they
did not take them until the days before the summative assessment.

Nonetheless, online formative quizzes were useful, even despite procrastination, as a
means to prepare the students for the summative assessment. In fact, the mean score for
the summative quizzes after the change was 7.33, while in previous years it ranged from
6.5 to 7.0 (in the preceding course it was 6.89).

The usefulness of formative quizzes is directly related to the amount of quizzes done
by the students. Figure 4 shows how the mean number of right answers in the formative
assessment evolves with the number of quizzes done per chapter. That figure shows clearly
how the score obtained by students in the formative quizzes increase until a certain number
of quizzes is reached. In this case, this number is 11 quizzes. After that threshold the profit
of doing more quizzes is small. The mean score of the summative quizzes show a more
continuous growth, without a saturation threshold. This is somewhat expected as after
some formative quizzes the answers to the questions are known. The summative quizzes
do not show this effect, but the outcome of the effort and time of study of each student.

The evolution of the mean score with the number of formative quizzes done is very
similar for the two summative quizzes, with a continuous increase that boosts the mean
score from 5.97 to 9.20 (out of 10) for the first summative assessment and from 5.44 to
8.62 for the second summative assessment. This accounts for a 54% and a 58% increment,
respectively. Nevertheless, a slight decrease in the score seems to take place for students
who have done more than 200 tests (about 18 quizzes per chapter). There is no simple
explanation, but it could be these students do not know when to stop and dedicate time to
other learning activities once they have done enough quizzes.
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Figure 4. Evolution of the mean score in the formative (up) and summative quizzes (down) with the
number of formative quizzes done.

The mean score for the formative assessment-based in problem-solving was 2.57 out
of 10, although it must be taken into account that the score for each problem is 10 or 0
as only the final result is evaluated by comparing it with the correct value. Most of the
students were unable to solve the problems correctly but they did not ask for advice or a
tutoring session despite being encouraged to do so many times along the course and not
with may possibilities of knowing where they had failed without the detailed solutions to
the problems. This fact indicates a serious flaw in the behavior of the students.

The mean score for the summative numerical problems was 1.69. This score is usually
the lowest of the different parts of the summative assessment (in the preceding course it
was 4.30), but 1.69 is extremely low. In fact, only two students passed that exam, while
in the previous year 35.5% passed that part of the assessment (not counting the second-
chance exam).

Furthermore, concerning is that if the problem-solving exam had not been passed
at the end of the course, the final grades would have shown an improvement compared
to previous years and would have led to the conclusion that the changes implemented
in the course were greatly successful in improving learning. This would have been an
unfortunate mistake, as actually learning levels had decreased due to the fact that part of
the educational goals was far from being attained.

Regarding the influence of gender, no significant differences were found, as Table 1
shows. The differences are very small and could be attributed to the quantity of formative
quizzes and problems done by each gender.
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Table 1. Gender differences in the summative mean scores obtained by female and male students.

Male Female
Quizzes Problems Quizzes Problems

7.28 1.76 7.38 1.62

The change in the scores associated with the new assessment is not due to part of the
students, but to a general change in student self-regulation that had to be studied and was
not due to procrastination. This was the first year the students had online quizzes and
problems at their disposal to use as formative assessment, so, an increase in scores was
expected (as usual, written questions in the textbook were also available). This happened in
the quizzes, but not in the numerical problems. Figure 5 shows this effect in a comparison
with the scores of the prior course.

Figure 5. Percentage of students that have gotten a certain score in the summative quizzes and the
numerical problems exam in the year of study and the previous one.

The teachers consider the problems were not different nor more difficult than the ones
of previous years.

The cause of the low scores in problems lies in two facts:

• The low interest the students have had in doing that kind of numerical problems
along the course. That is an issue, but one that has not affected the scores in summa-
tive quizzes.

• The formative goals related to the practical application of theory in problem-solving
were deemed as secondary and not worthy of attention by the students.

This second fact is the most important one. The source of the preference of the students
can be found in the timetable for the summative assessment and in the percentage of the
final grade associated with each assessment activity. The problem-solving exam was done
after the two summative quizzes had been done and graded. This means the students knew
their scores for the 60% of the final grade (quizzes were automatically scored once they
were finished and the score for the lab reports and post-lab questions, which are usually
high, were also known). As the scores for the two already graded parts were high enough
to assure a final grade over 5 and there was not a minimum passing score for the different
parts of the assessment, most of the students knew they had passed the course before the
problem-solving exam. Knowing this and with other exams to think about, they decided
to devote very little time to prepare the last exam of the summative assessment. There
was an obvious increment in the online activity before this last exam, but proportionally
much lower than the activity associated with quizzes, and, it must be assumed that with
far less interest.
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Therefore, the mistakes in the design of the formative and summative assessment can
be summarized as follows:

• No mechanism was implemented to avoid procrastination and assure the correct and
frequent use of the formative assessment.

• The description of the correct calculation procedure for the problems was not given to
the students.

• Problem-solving abilities were evaluated only one time at the end of the course,
after the formative quiz tests.

• The students knew if they had passed the course before the problem-solving exam.
• There was no minimal passing grade for the problem-solving exam.

The study has one main limitation, and that is the fact that the data analyzed corre-
sponds to only one year. Nevertheless, the differences in the scores obtained with respect
to previous years are too big to think they are the result of pure chance.

According to the scores, procrastination was not the problem it could have been,
but nonetheless, it is a behavior that should be avoided. The same cannot be said about the
design of the summative assessment that certainly should be changed. Some proposals
that should work are:

• The formative online quizzes and problems should remain available to the students,
but their availability could be limited to 2 weeks after the corresponding theory has
been studied in class. Students will have to do them in those 2 weeks or lose the
opportunity. This should reduce considerably procrastination. It also could simply be
made mandatory.

• Explanations about the correct answer should be given to the students for both quizzes
and problems.

• The summative assessment could be changed to two written exams along the course
(one mid-course and another one at the end of the course), both including quizzes
and problems. This should also reduce procrastination and will assure no goals
will be forgotten, while will reduce the continuous stress associated with the weekly
summative assessment.

• All parts of the summative assessment should have a minimum score for the students
to pass the course, although right now that is not possible.

Evidently, many other assessment procedures could be used in the course provided
all the detected mistakes, which give a word of advice to teachers who are going to change
their assessments, are corrected.
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