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Introduction

Universities and other educational institutions are adapting their teaching
framework to the current students’ demands, in which a more personalized
assessment is requested. In this context, the online formative assessment
(OFAT) is getting remarkable attention. Applying online and blended learning
for higher education has extended and become commonplace together with
formative assessmentin recent years (Hwang &Tsai, 2011; Larreamendy-Joerns
& Leinhardt, 2006; OECD, 2015). The effective and efficient digital educational
instrument as an active learning methodology has the effect on teaching and
learning processes and improves students’ motivation and achievement in
classrooms (Jeong et al., 2017; Ryan & Deci, 2000; So, 2016). So, it is vital to
distinguish and study what limit such tools can affect and how they can be
properly implemented (Gonzalez-Gémez et al., 2020; Maier, 2014; So, 2016).
Online learning tools are seen as a promising way to offer various advantagesin
empirical situations and reveal positive effects of their motivation and achieve-
ment proved by a meta-analysis (Asarta & Schmidt, 2017; De Witte et al., 2015).
Particularly, the application and utilization of online based learning tools on
formative assessment are able to be helpful for students with personalized
devices who can use assignments adjusted for the learning necessities (Maier,
2016; Sung et al., 2016; Tsivitanidou et al., 2016). Besides, feedback as a funda-
mental factor for formative assessment can verify online formative assessment
tool effect, while lecturers and students can collect various feedbacks in the
passage level for teaching and learning (Mory, 2004; Pape et al., 2012; Pilli &
Aksu, 2013).

In order to elucidate how, what and whether an OFAT can give a contri-
bution into teaching and learning quality is necessary in science education,
which is still a challenge due to few previous research on the effects of more
complicated diagnostic evaluations (Bennett, 2011; De Witte et al., 2015). Its
effect differs to the implementation level in the science classroom. Particularly,
students'feedback efficacy in OFAT has been under research for several decades
and its affirmative effects of educational and instructive outcomes have been
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Abstract. Online formative assessment is
still challenging although it is getting an
increased attention as a significant tool for
diagnosing and analysing students’ moti-
vation and achievement in various educa-
tion domains. This research examines the
effects of an online formative assessment
tool (OFAT) about science motivation and
achievement in second-year students’ uni-
versity education during four consecutive
academic years, 2014 to 2018. A research
on the basis of a randomized experimen-
tal design was conducted that assigned
groups used an OFAT along with various
assessments that students participated. A
total of 311 students enrolled in the subject
take part in the research, respectively 94,
89, 59 and 71 students. Particularly, the
OFAT is offering feedback from students,
feedback from lecturers and adaptive as-
signments. Here, data contained student
motivation survey data, standardized
achievement pre- and post-test data and
students’log records. The results of multiple
tier analyses exposed positive effects about
students’ motivation and achievement.
Based on usage measurements, students’
intensity offers the positive effects about
students’ motivation and achievement.
Furthermore, along with overall students’
improved performance, the effects of
high-performing students’ achievement
were higher. Therefore, the results acquired
meaningfully contribute to recover main
drawbacks and difficulties of traditional
science learning programs.
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found in most studies (Bangert-Drowns et al., 1991; Koedinger et al., 2010; Pape et al., 2012). However, these tools in the
regular curriculum frequently are not combined (Cornelisz et al., 2015; Shirley et al., 2011), which caused not drawing
strong deductions for the tools’ contribution to teaching and learning in real settings of classrooms. Besides, these
studies are related with small samples together with a short duration study as a further research required (Muis et al.,
2015; Narciss et al., 2014; Wang, 2014). Particularly, Sung et al. (2016) mentioned that motivation effects’investigation
can be challenging due to novelty effects that can't support and sustain properly. Finally, these OFATs can't attribute
their effects because of the absence of randomized experiments since no data of tools’intensity usage is gathered
and collected (Hunsu et al., 2016; Koedinger et al., 2010; Pacheco et al., 2018).

This research examined an OFAT effect on science motivation and achievementin second-year students’university
education (hypothesis 1). Then, the research assessed to what extent an OFAT usage intensity influences students’
motivation and achievement, and lecturers’ ones (hypothesis 2). Finally, the research evaluated whether student
achievement'’s effects differ and vary amongst their various levels such as low-, average- and high-performance
(hypothesis 3). This research was based on a randomized experimental design, was performed that assigned groups
employed an OFAT together with diverse assessments, which students participated during the entire four years courses.

Theoretical Framework and Research Literature Review
Online Formative Assessment in Teaching and Learning

Assessment is considered as a core element that is effective teaching and learning strategies for formal higher
education (Bransford et al., 2000), which is required to be assessment-centred and establish increasing abilities as
to provide learners with their opportunities and enhancements. Particularly in science teaching, the integration of
assessment and teaching must be fostered, and the use of formative assessment must be generalized. Formative
assessment has been proved to engage students in applying their understanding of science concepts to real-world
contexts (Babincakova et al., 2020; Bulunuz et al.,, 2014). In 21st century higher education, online and blended learning
have increased and converted certain and common position. Online testing assisted by computers is perceived as a
promising mode to disseminate the practices of formative assessment at universities (Larreamendy-Joerns & Leinhardt,
2006; Maier, 2014; Vonderwell et al., 2007). Particularly, Larreamendy-Joerns and Leinhardt (2006) mentioned that
online teaching and learning can be merged into everyday practices and streams and can increasingly be a salient role
of formal higher education. Thus, Vonderwell Liang and Alderman (2007) suggested that online learning formative
assessment contexts contain distinct features comparing with face-to-face (f2f) contexts because of asynchronous
interactivity characteristic for teachers and leaners, that is, online participants. Therefore, it requires to know what
extent and limit such online formative assessment tools affect and how they can be properly implemented (Asarta
& Schmidt, 2017; Maier, 2014; So, 2016) and reconsider online and digital pedagogy for attaining effective strategies
on online formative assessment for educators (Jeong et al., 2019; Sorensen & Takle, 2005). Online formative assess-
ment tools’ effective integration in learning environments has powerful potential to show a proper structure and
organization for continuous significant interactions among teachers and learners. It is also to foster effective learning
communities’ development and expansion as to expedite its significant learning and appraisal (Sorensen & Takle,
2005). However, in online and web enhanced higher education, importance keeps as to be positioned in formative
assessment, which is getting little attention in spite of its essential place in supporting learning (Pachler et al., 2010;
Wang et al., 2008). None of these fairly recent studies and more analyses focused on assessment that has potential
interest, since courses enhanced by online and web provide enough additional chances to animatedly interrelate
with and evaluate learners’ chances improved via formative assessment approaches (Oosterhof et al., 2008). In this
respect, emphasis on OFATs has been recommended by Pachler et al. (2010) and Wang et al. (2008) owing to refocus
and build learners and assessment-focused learning situations.

Motivation Effects and Achievement

Few studies on motivation effects to verify OFATs effect are just examined (Ryan & Deci, 2000), although OFATs
can improve students’ motivation. Positive feedback can be occurred with motivation supportive conditions and
competence feelings. Negative feedback together with a very organized digital setting could decrease autonomy
motivation and feelings as an obtained result (Carver & Scheier, 1990; Ryan & Deci, 2000). In self-determination theory
(SDT), Ryan and Deci (2001) concluded conditions facilitating competence and autonomy feelings enable intrinsic

402

W https://doi.org/10.33225/jbse/20.19.401



Journal of Baltic Science Education, Vol. 19, No. 3, 2020

|SSN ]648_3898 /Print/ EXAMINING THE EFFECT OF AN ONLINE FORMATIVE ASSESSMENT TOOL (OFAT) OF
STUDENTS’ MOTIVATION AND ACHIEVEMENT FOR A UNIVERSITY SCIENCE EDUCATION
|SSN 2538—7138 /Online/ (P. 4D01-414)

and essential motivation only if both feelings are accompanied. In accordance with achievement, self-informed in-
terest, and behavioural outputs, Lazowski and Hulleman (2015) suggested that meta-analyses reveal interventions
in the SDT, make positive and affirmative effects on students’ position. Pilli and Aksu (2013) discovered a positive
and affirmative effect on students’ attitudes to measure an online formative assessment tool. For engagement and
interest of students, Hunsu et al. (2016) stated a positive and affirmative effect through students’reaction courses of
non-cognitive results. Moreover, motivation effects could enhance the feedback use of students that research out-
comes designate motivation linked with positive feedback performance; attention reimbursed to feedback, feedback
studying time and feedback seeking required (Timmers et al., 2013; Timmers & Veldkamp, 2011). The studied online
and digital formative assessment tool includes adaptive assignment together with various feedback types that can
be numeracy achievement of students. Here, OFATs frequently stipulate assignments adapted by learning needs
of an individual student. Wang (2014) initiated a positive effect of adaptive learning on assignments and materials.
Haelermans and Ghysels (2015) also discovered a positive and affirmative effect in the context of numeracy outcomes
and claim the effects were instigated through the personalized and modified character of the formative assessment
tools. However, those effects mentioned were solely positive and affirmative effects for students of low performance.
Low-performing students without adaptive assignments and materials inclined to be confused in digital and online
environments. In the same environments, students of high-performance had much less struggles for the assortment
of suitable assignments and materials. On the contrary, Cornelisz et al. (2015) stated that adaptive assignments did
not have effects and even discovered negative effects on high-performing students’achievements. These researchers
claimed that for summative test students were better arranged in non-adaptive assignment than adaptive assign-
ment for students’test prepared.

Various Feedbacks in Formative Assessment

In formative assessment, feedback plays an important role (Duit & Treagust, 2010) and its effect reveals the
level to which feedback scheme is reinforced by the findings of the performed research (Hattie & Timperley, 2007;
Kluger & DeNisi, 1996; Mory, 2004). Its effect variation relies on a chain of its characteristics and how it associates
with situational variances. Studies on effects and correlates of feedback have been recapitulated in a chain of articles,
theoretical models, and meta-analyses (Bangert-Drowns et al., 1991; Kluger & DeNisi, 1996; Mory, 2004). Particularly,
feedback can verify the effect of online formative assessment tool, while lecturers and students can grasp feedback
through the evolution level in teaching and learning (Mory, 2004; Pape et al., 2012; Pilli & Aksu, 2013). First, feedback
from students with regard to Shute (2008) was reviewed on its effects, which feedback is much more convenient as if
enough time is provided to students who autonomously study in a proposed learning exercise (Kluger & DeNisi, 1996;
Hattie & Timperley, 2007). Also, students’ feedback efficacy in OFAT has been under research for several decades and
its positive and affirmative effects for educational outputs have been discovered in most studies (Bangert-Drowns et
al., 1991; Koedinger et al., 2010; Pape et al., 2012). Then, lecturers’comments according to Nunnery et al. (2006) were
examined on its effects, in which some findings of feedback create positive and affirmative effects for students’output
and achievement in various circumstances (Pape et al., 2012; Ysseldyke & Bolt, 2007). Also, OFATs provide lecturers’
feedback for achievement and progress of distinct students together with feedback combined to various class level
(Nunnery et al., 2006). The difference between two feedbacks aforementioned is that lecturers not constantly required
to utilize the feedback, which they get although effects will be solider if lecturers employ the feedback for improving
their instruction and teaching, and align with students’learning needs (Ysseldyke & Bolt, 2007). However, few studies
have been conducted to verify the effects of feedback with computer-based instruction, mostly performed in time
when formative assessment assisted by computers utilized comparatively simple and clear items on multiple-choice
format. Currently, feedback studies have many different domains and digital tools and technologies insinuate a series
of new systems of formative assessment and feedback processes. Feedback as a vital factor for formative assessment,
therefore, can verify the effects of online formative assessment tool, while lecturers and students can grasp feedback
on the progress and evolution stage of teaching and learning (Mory, 2004; Pape et al., 2012; Pilli & Aksu, 2013).

Hypotheses
Digital and online formative assessment is still challenging although it gets an increased attention and there are

only few previous research on the effects of more complicated diagnostic evaluations of students’ motivation and
achievement on learning domains (e.g. science education) based on the overall literature. As a significant segment of
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formative assessment, feedback can verify the effects of online formative assessment tool, which depends on a great
scope of the feedback nature specified by certain tools and which are influenced by student characteristics. Therefore,
this research targets at examining the effect of an online formative assessment tool together with multiple-tier items
on learning test in science education. The hypotheses stated in this research have been listed as follows:

e Hypothesis 1: It is expected that the OFAT studies would have a positive and affirmative effect in sci-
ence motivation and achievement.

e Hypothesis 2: It is expected that the online formative assessment tool would have more effects if stu-
dents and lecturers utilize the OFAT to a greater scope.

e Hypothesis 3: It is expected that the effect of OFAT would differ amongst students’ performance on
low-, average- and high-levels.

Research Methodology
General Background

The research was conducted from 2014 to 2018 with students enrolled in general science course for the
primary education bachelor degree in Spain. The research was conducted for 15 weeks, and the participants were
randomly allocated in the research. The effect of the online formative assessment was assessed by using the survey
as a research strategy. The questionnaires used in this research were intended to gather information about the
students’ motivation toward the science course, their attitude toward science and their achievements.

Participants

In this research an OFAT was implemented in a general science course for the primary education bachelor
degree (second-year students) in Spain during four consecutive academic years, 2014 to 2018. 311 students in
total enrolled in the class participated in the research, who did not have any experience with an OFAT. Students
who were not consistently presenting to the class were assigned to the waiting-list. Experimental participants used
the OFAT for fifteen weeks (between the end of January to the middle of May). Here, the randomization was not
based on any criteria influenced. Particularly, there were a total of participants consisting of respectively 94, 89,
59 and 71 students from 2014/15 to 2017/18 course. The actual participation was 92, 81, 57 and 70 (respectively,
97.87%, 91.01%, 96.61% and 98.59% corresponding to each course year). InTable 1, it is described the demographic
information of the participants as a descriptive analysis, gender distribution, average age, and grade point average
(GPA) at the beginning and the end of the semester based on 0 to 10 scale. No constrains were executed, and the
students freely select whether they liked to participate in the research or not.

Table 1
Participants’ demographic and academic information for the research as descriptive analysis

2017118 2016/17 2015/16 201415
Number of students 70 57 81 92
Male (%) 28.60 35.10 56.80 55.40
Gender
Female (%) 7140 64.90 43.20 44,60
Average age 20.10 19.90 21.68 19.80
Grade pre-test 6.93 6.90 6.05 5.87
Grade post-test 7.54 7.78 6.95 7.03

The Online Tool of Formative Assessment: PlayPosit

In this research, for acting and performing the formative assessment, the online tool utilized was an OFAT
comparable with PlayPosit (PlayPosit, Inc.), previously known as EduCanon. Along with this proposed tool, on their
own electronic devices (computer, tablet, smartphone, etc.), students can check, and finish assignments based on
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the same instruction content taught in a regular curriculum. Figure 1 describes the OFAT environments for students
such as assignments overview with different lessons, each assignment window, feedback after submitted their
answer from lecturer and feedback to lecturer.

Firstly, students are registered in PlayPosit and are assigned to the specific one course presented. After log
in, students can access to the start screen where the different course lessons with the assignments belonged are
scheduled by the lecturers. For each lesson, assignments are presented in the form of short videos (5-10 minutes)
that students need to watch and complete the different tasks that are embedded inside the videos. Particularly,
this assignmentis an enhanced video together with time-embedded interactivity. After completing each particular
task, students receive simple feedback immediately from lecturers as soon as they have accomplished an assign-
ment. Here, students will receive the feedback that describes whether their answers are suitable (green background
colour) or not suitable (red background colour). Based on this feedback, students might add a comment to explain
their answer or demand additional clarification to lecturers. All the tasks must be completed in order to continue
watching the video assignment. Once a lesson assignment is finished, students can specify a feedback to lecturers
who score their assignment. To envisage the ability phases of students on the basis of their former reactions, the
feedback was collected and then their ability levels were recalculated by adaptive assignments completed by stu-
dents. So, lecturer can decide which adaptive assignments are necessary for students to work on regular curriculum.

Figure 1

A PlayPosit setting for students in science exudation. Image top-middle: assignments outline as scheduled in the course (les-
sons 1-5)
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Note: The figure displays numerous curriculum assignments (videos) associated with a course. After clicking one of the assign-
ment icons, the assignment windows pops-up as a video format embedded question (bottom-middle). When students provide
an answer, a feedback is provided based on their answer given (correct/incorrect) (left image) with specific information to assist
students to comprehend the question and overcome their fault. Image on the right: student feedback to lecturer. Student can
add a comment to explain their answer or demanding additional clarification to lecturer.

Students’ progress is followed on the lecturers’ dashboard. In the dashboard, it contains three alternatives:
a general overview (1), progress monitoring option (2) and a summary of students’ global results for each lesson
(3). The general overview of the completed assignments (1) shows the number of students that have accessed to
the different tasks (views) and the number of students that have actually responded/completed the assignments
(videos). With this first part, lecturers check and preview lesson assignments and choose students’ assignments.
Together with the progress and evolution monitoring choice (2), lecturers track the progress and evolution of an
assignment according to a single student or the total classroom. The progress of the assignment choice displays
to lecturers how was each student’s performance; whether their answers are accurate or inaccurate as well as
comments/feedbacks that each student provides to the lecturer. Progress information on a single student informs
lecturers about how a student plays for a certain goal in his/her learning. Finally, the third section (3) shows a
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summary of the average results of each student for each lesson considering all the different assignments. With
this overview, the lecturers can monitor the students’ performance, and suggest adaptive assignment for different
situations (low-, average- and high-performance). This adaptive assignment is provided through this online tool
and/or the virtual campus tools based on the characteristics of the assignment and/or student. Figure 2 represents
a monitoring option example of a class.

Figure 2
Lecturer's dashboard demonstrated a way to progress a class

1 Name Views Responses Questions: Total 68 Students Average Score 2

Lesson Completed Status
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Note: The dashboard presented has three options: (1) a general overview; (2) progress monitoring option; and (3) a summary of
students’ global results for each lesson.

Data Collection Instruments

Three different types of instruments were used to get information: the students’ motivation survey toward
the course and their attitude toward science; standardized course assessments; and students’ log records. As
shown in Table 1, descriptive analysis is demonstrated for these instruments proposed. All students participating
in this research were informed about the research purpose and the data collection practices. Particularly, if there
are students who do not want to provide permission to access their data and/or participate in the research, no
information was collected for their data to use.

e Students'motivation survey toward the course and their attitude toward science: A survey for students
was employed to measure their science motivation once using the OFAT. In this context, motivation
toward science must be understood as favourable or unfavourable feeling about science. The question-
naire employed in this research was adapted from Schruba (2008) and consisted of twenty questions
such as “Science is something that | enjoy very much”. The questionnaire proposed was gauged on a
5-point Likert scale, that is, grading value 1 stands for the most favourable (strongly agree) and 5 stands
for the least favourable (strongly disagree). Here, based on Cronbach’s alpha, the scale reliability was
estimated for this research. The survey was conducted at the beginning (pre-test) and at the end of
course (post-test).

e Students’ achievements: To assess the students’ standardized achievement following the university
course syllabus and regulation, different assessment instruments were used along with the course. These
instruments were ranged from numerical exercises, quizzes, and essays together with adaptive assign-
ments that students completed at different moments of the course. In addition, a final exam taken at
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the end of the course was used as an instrument to measure the students’achievements. On the other
hand, in order to understand the effect of the OFAT, the students’achievement at the end of the course
was compared with the grade students accessed at the beginning of the course (pre- and post-test
data). Evaluation marks of various courses were articulated on the identical ability mark (0 to 10 scale).

e Students log records: The students’ use intensity was gauged with PlayPosit log records (see Figure
2). In these analyses, measures were entered by total completed assignment numbers, the minutes
students spent on the web platform, and the views per assignment. These data enumerated by the
PlayPosit software then were retrieved at the end of the course. Then, through this online tool and/
or the virtual campus tools, adaptive assignments were provided based on the characteristics of the
assignment and/or student after monitoring student’s performance.

Data Analysis

In order to evaluate the three hypotheses aforementioned, firstly, a descriptive analysis was conducted,
which can portray the data as the most correct manner. Here the data can be characterized, described and drawn
potential conclusions based on the randomized sample data (Gonzalez-Gémez et al., 2016; Jeong et al., 2016). In
order to extend conceivable conclusions about the effects of the OFAT methodology, sample homogeneity was
verified and confirmed. Then, with the Shapiro-Wilk normality test, it was checked and established whether the
data described were normally distributed or not. So, it was concluded that data were not normally distributed and,
therefore, it was required to use non-parametric statistical test in order to compare the pre- and post-test data
as the results. Particularly, the Mann-Whitney test was accomplished as to ascertain the incidence of significant
differentiations. In all cases in this research, the SPSS statistical software (SPSS statistics version 22.0) was used to
analyse data. Finally, based on Cronbach’s alpha, the scale reliability of survey was estimated for this research.

Research Results

The survey used, as research strategy, to gauge the students’ motivation toward the course and their attitude
toward science consisted of twenty questionnaire items. Among the twenty questionnaire items, significant differ-
ences were observed in twelve of them. Table 2 summarizes the twelve items grouped in three categories where
significant differences were observed (i.e. only showed the results of course 2017/18), while Figure 3 represents
the results for these items for all the studied years.

Table 2
Selected twelve questionnaire items’ description grouped in three categories to check the students’ motivation toward the
course and their attitude toward science (Kaelin et al., 2007)

Pre-test Post-test

Category Number Description score score
ss Q1 Science is useful for the problems of everyday life 2.21 1.45 .003
Qn It is important to know science in order to get a good job 2.91 2.27 .022
Q2 Science is something that | enjoy very much 3.68 2.39 .000
Q3 | do not do very well in science 2.50 3.15 .026
Q4 Doing science labs or hands-on activities is fun 253 1.58 .001
Q5 | feel comfortable in a science class 3.29 2.30 .001
ES Q7 Science is easy for me 3.91 3.21 013
Q13 | enjoy talking to other people about science 3.59 2.79 .020
Q14 | enjoy watching a science program on television 324 2.61 .042
Q15 | am good at science labs and hands-on activities 3.62 2.82 .003
Q20 | have a good feeling toward science 3.29 2.27 .000
AS Q19 It scares me to have to take science class 297 3.64 022
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Figure 3

Motivation survey analysis of twenty survey questionnaire items of pre- and post-test data after using the OFAT during four
consecutive years in science education
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The results of the survey suggested that the implementation of the OFAT methodology influenced motivation
toward the course and their attitude toward science, and this effect was consistent within the four consecutive
years this research was carried out. The items listed above can be classified in three variables (Schruba, 2008) as
“view of society about science (SS)” (items 1 and 11), “enjoyment of science (ES)” (items 2-5, 7, 13-15, and 20) and
“anxiety in science (AS)” (item 19). After the analysis of the results, the scores provided by students demonstrated
that motivation toward the course and their attitude toward science improved and became more positive, while
the anxiety in science decreased between the pre- and post-test for all tested years. The number of items, in which
the scores were significantly different between the pre- and post-test, was higher for the category ES, that can
reflect an increasement of the students’ motivation (hypothesis 1 proved). These results with a significant positive
effect are highlighted in Figure 4, which includes one item for each category as an example.

Figure 4
Highlighted survey questions from three different categories of pre- and post-test after using the OFAT for four consecutive
years in a science education course
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The results of students’ achievement aforementioned after using the OFAT were assessed by means of differ-
ent instruments along the course and showed significant positive results in them (hypothesis 1 proved). Figure 5
summarizes its average values for the four consecutive academic years. The class assessments include the average
grade of the assignments done by students in the class-time (numerical exercises, quizzes, and essays along with
adaptive assignments). These types of assignments are satisfactorily completed by students, and it is shown in
the average grades of the figure that are quite homogenous in all four courses, 2014 to 2018. Lab assignments
summarize the marks obtained by students in the lab sessions, including numerical exercises, lab diaries and lab
reports. The final course grade (listed as post-test grade in the figure) was calculated considering the final exam
grade (70%) and the grades obtained by the students in class assessments and lab assessments (30%). Also, feedback
to students with adaptive assignments is a vital feature that concluded to contribute to effects on achievement.
The amount of adaptive assignments positively affects students’ achievement because they are more focused on
students’ learning requirements than actual assignments inside of curriculum.

Figure 5
Achievement analysis of students after using the OFAT during four consecutive academic years, 2014-2018
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Through the OFAT application, especially in log records, lecturers can access relevant information about
the students’ interaction with the systems and degree of usage as shown in Table 3 (hypothesis 2 proved). A
significant and positive effect can be found of entire assignments accomplished with PlayPosit on motivation
and achievement. For this course, the OFAT system containing a total of twenty-eight assignments in the form of
video-lesson summing up about 315 minutes in total. The average duration of each video-lesson was around 11
minutes. The total time elapse per student as average was ranged from 980 minutes (course 2016/17) to 1,566
minutes (course 2014/15). This time indicated the total minutes for a particular student, as average, spent work-
ing on the OFAT system (watching the video-lessons and answering the different assessments included in the
video-lessons). This system also provided the information about how many times a particular student accessed to
a particular assignment, regardless the time spent on it. As average, the access per assignment ranged between
138 (course 2016/17) to 231 minutes (course 2014/15). With this information, the average number of access per
student was around 2.4 times per assignment. Besides, considering the above-mentioned information, number
of minutes, as average, spent per each student in each assignment can be calculated, and it is shown in Table 3,
that ranged from 35.0 (course 2016/17) to 55.9 minutes (course 2014/15). That indicates that each student spent,
as average, between 3 to 4 times more as the original duration of each assignment. Particularly, we can find out
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an interaction of OFAT effect difference based on students’ performance levels, high-performing students had
more profits than other students, although overall students’ motivation and achievement increased noticeably
(hypothesis 3 proved).

Table 3
Description and analysis of log records, the students’ interaction with the systems and degree of usage through the OFAT

Description 2017/18 2016/17 2015/16 2014/15
Number of students 70 57 81 92
Total course hours (minutes) 315.07
Total number of assignments 28
Average duration of each assignment (minutes) 11.25
Average time elapse per student (minutes) 1,192 980 1,423 1,566
Average number of views per assignment 163 138 185 231
Average number of views per student 2.33 242 2.28 2.51
Average time spent per assignment (minutes) 42.5 35.0 50.8 55.9
Percentage of students completed assignments (%) 89 91 87 94

Discussion

The findings of this research confirmed that an OFAT can get a positive effect on motivation effects of sci-
ence students’ university education. These students’ positive effects were predicted because they enhanced
their competence feelings through positive feedbacks and performance feedbacks with lecturers. Students’
high motivation associates with students’ high OFAT usage. Thus, the OFAT’s motivation effects will be stronger
with more opportunities of students’ self-reqgulated learning in well-structured OFAT and students’ completed
assignments mostly decided by lecturers. Due to the adaptive assignments, students here can regulate their own
assignments more or less fitting to their own learning requirements (Gonzalez-Gémez & Jeong, 2018; Jeong &
Gonzalez-Gomez, 2020; Jeong et al.,, 2019). However, the relation effects among frequency usage, motivation
and adaptive assignment still remain to be cleared which one is initial effect. Students’ achievement was also
assessed for this research. The positive effects on student achievement with an OFAT were confirmed by the
findings. Lots of former research are following the findings and answers (Babincakova et al., 2020; Bulunuz et
al., 2014; De Witte et al., 2015; Koedinger etal., 2010; Pacheco et al., 2018). Here, students using an OFAT to a
greater extent achieved better than students using an OFAT to a lesser extent as the importance of students'’
intensity use, completed assignment numbers. However, it is difficult to state the causing effect liaison between
greater scope usage of OFAT and students because more motivated students used OFAT can cause the effects.
Still, the students’ achievement difference can be proved according to the use of measurement intensity found
out in the research.

For an OFAT, feedback along with adaptive assignments to students is a vital feature that concluded to
contribute to effects on achievement as a diagnostic assessment. The amount of adaptive assignments posi-
tively affects students’ achievement due to their concentration on students’ learning requirements than actual
assignments inside of curriculum. However, the results indicated that there was not specific correlation between
significant effect and adaptive assignments percentage due to students spent more time to complete more
assignments. Cornelisz et al. (2015) proved that adaptive assignments’ effects differ on students’achievement.
Also, Huang et al. (2009) pointed out that effects can be influenced by various factors such as learning domain,
assignment type and different technique for selecting individual students’ adaptive assignments. Comparing
with comments to lecturers, it is vital but lower than feedback to students to contribute and underwrite to ef-
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fects on students’ achievement. Here, Koedinger et al. (2010) also discovered out stronger students’ feedback
effects like other researchers. The students’achievement relationship was based on the lecturers’intensity use of
OFAT in the classroom that lecturers can receive frequent feedback for daily student’s assignments. So, lecturers
through this situation can have a better overview on lesson progress and students’ assignment understanding
and then are easily able to answer and respond their learning necessities and queries. Therefore, it is important
to stipulate further research on adaptive assignments’ effect together with all education teams who are sup-
porting this new OFAT implemented (Jeong et al., 2019; Shirley et al., 2011).

This research results indicate that for high-performing students an OFAT was effective and successful. Mo-
lenaar and Van Campen (2015) also mentioned in the same line research matching the OFATs finding executed
in other educational levels. That indicates throughout the studies the obtained findings of high-performing stu-
dents’achievements are quiet constant and persistent. A potential clarification about the finding of this research
is because high-performing students had finished more assignments by the OFAT than in a normal curriculum
setting. For example, lecturers can adopt and select additional assignments to students, which the OFAT offers,
after completed the normal curriculum assignments. Contrasting to this, a normal curriculum setting does not
provide these opportunities that lecturers might have in a lesser extent clarification for high-performing students'’
effects can be explained according to different educational context and system. Like many researchers men-
tioned that it would be remarkable that OFATs bigger effects can be found in low-performing students’ effects
(Koedinger et al., 2010; Pacheco et al.,, 2018; Sheard et al., 2012) along with international comparative research
between comparisons of various levels of students’ performances and achievements. It can be argued that dif-
ferent education systems in different countries are focused on the learning necessities of diverse students’levels.

Conclusions

This research aimed to examine how, what and whether an online learning formative assessment tools
enhance the teaching and learning practice, especially in on-line education environment, that is in fact growing
quickly. This research established the effects of the OFAT, named PlayPosit, on students’motivation and achieve-
ment during four consecutive academic years. A research on the basis of a randomized experimental scheme was
conducted for inspecting these effects in trainer teaching students for the primary education bachelor degree in
Spain. Moreover, in a normal classroom setting, we can gain more understandings about the OFAT effects and use
through the OFAT intensity usage dimensions of students and lecturers. Also, the results of various-performing
ranks of students were included to know the different achievement effects of the OFAT. Generally, the results of
this research confirm that the OFAT can attain a positive effect in student motivation and achievement of science
education as a diagnostic assessment. Also, the research reveals that the OFAT is even more effective and operative
since students and lecturers utilize it to a vaster extent. In the case of students, with more its intensive use they
attained the higher level of science motivation and achievement. In the case of lecturers, they differentiated their
instruction with various feedback affecting students’ motivation and achievement. Finally, the OFAT showed its
different effect between low-, average- and high-performing students. Therefore, this research recovered main
drawbacks of traditional science learning programs that are not in regular curriculum, with small samples with
a short duration, due to novelty effects and without randomized experiments. Particularly, there is more room
for more intensive OFAT use that will perform a significant power to interact students and lecturers and affect
stronger students’ motivation and achievement with better lecturers’ professionalization in science education.

Acknowledgements

The authors gratefully acknowledge Project EDU2016-77007-R (AEI/FEDER, UE) of the Ministry of Science,
Innovation and Universities of Spain, and the Regional Ministry of Economy, Science and Digital Agenda of
Extremadura and European Reginal Development Fund (Projects IB18004 and GR18004), which support this
research possible.

https://doi.org/10.33225/jbse/20.19.401 W

411



Journal of Baltic Science Education, Vol. 19, No. 3, 2020

EXAMINING THE EFFECT OF AN ONLINE FORMATIVE ASSESSMENT TOOL (OFAT) OF ISSN ]648_3898 /Print/
STUDENTS’ MOTIVATION AND ACHIEVEMENT FOR A UNIVERSITY SCIENCE EDUCATION

(P. 4D01-414) |SSN 2538—71 38 /Online/
References

Asarta, C. J., & Schmidt, J. R. (2017). Comparing student performance in blended and traditional courses: Does prior academic
achievement matter? Internet and Higher Education, 32, 29-38. https://doi.org/10.1016/j.iheduc.2016.08.002

Babincakovd, M., Ganajova, M., Sotakova, & Bernard, P. (2020). Influence of formative assessment classroom techniques (FACTs)
on student’s outcomes in chemistry at secondary school. Journal of Baltic Science Education, 19(1), 36-49. https://dx.doi.
org/10.33225/jbse/20.19.36

Bangert-Drowns, R. L., Kulik, C., Kulik, J. A., & Morgan, M.T. (1991). The instructional effect of feedback in test-like events. Review
of Educational Research, 61, 213-238. https://doi.org/10.3102/00346543061002213

Bennett, R. E. (2011). Formative assessment: A critical review. Assessment in Education, 18(1), 5-25. https://doi.org/10.1080/09
69594X.2010.513678

Bransford, J. D., Brown, A. L., & Cocking, R. R. (2000). How people learn: Brain, mind, experience, and school. National Academy Press.

Bulunuz, N., Bulunuz, M., & Peker, H. (2014). Effects of formative assessment probes integrated in extra-curricular hands-on
science: Middle school students’ understanding. Journal of Baltic Science Education, 13(2), 243-258.

Carver, C.S., & Scheier, M. F. (1990). Origins and functions of positive and negative affect: A control process view. Psychological
Review, 97(1), 19-35. https://doi.org/10.1037/0033-295X.97.1.19

Cornelisz, I, Van Klaveren, C., & Vonk, S. (2015). The effect of adaptive versus static practicing on student learning e evidence from
a randomized field experiment. http://www.tierweb.nl/tier/working-papers-overview/working-papers/the-effect-of-
adaptive-versusstatic-practicing-on-student-learning.html

De Witte, K., Haelermans, C., & Rogge, N. (2015). The effectiveness of a computer-assisted math learning program. Journal of
Computer Assisted Learning, 31(4), 314-329. https://doi.org/10.1111/jcal.12090

Duit, R, & Treagust, D. F. (2010). Conceptual change: A powerful framework for improving science teaching and learning. Inter-
national Journal of Science Education, 25(6), 671-688. https://doi.org/10.1080/09500690305016

Gonzalez-Gémez, G., Jeong, J. S., Airado, D., & Canada-Cafnada, F. (2016). Performance and perception in the flipped learning
model: An initial approach to evaluate the effectiveness of a new teaching methodology in a general science classroom.
Journal of Science Education and Technology, 25, 450-459. https://doi:10.1007/s10639-015-9393-5

Gonzalez-Gémez, D., & Jeong, J. S. (2018). EdusciFIT: A computer-based blended and scaffolding toolbox to support numerical
concepts for flipped science education. Education Sciences, 9(2), 116. https://doi.org/10.3390/educsci9020116

Gonzalez-Gémez, D., Jeong, J. S., & Cafada-Cafada, F. (2020). Enhancing science self-efficacy and attitudes of Pre-Service
Teachers (PST) through a flipped classroom learning environment. Interactive Learning Environments. https://doi.org/10
.1080/10494820.2019.1696843

Haelermans, C., & Ghysels, J. (2015). The effect of an individualized online practice tool on math performance - evidence from a
randomized field experiment. http://www.tierweb.nl/tier/assets/files/UM/Workingpapers/TIERWP15e01.pdf

Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77(1), 81-112. https://doi.
0rg/10.3102/003465430298487

Huang, Y. M, Lin, Y.T.,, & Cheng, S. C. (2009). An adaptive testing system for supporting versatile educational assessment. Com-
puters & Education, 52(1), 53-67. https://doi.org/10.1016/j.compedu.2008.06.007

Hunsu, N. J., Adesope, O., & Bayly, D. J. (2016). A meta-analysis of the effects of audience response systems (clicker-based tech-
nologies) on cognition and affect. Computers & Education, 94, 102-119. https://doi.org/10.1016/j.compedu.2015.11.013

Hwang, G. J., & Tsai, C. C. (2011). Research trends in mobile and ubiquitous learning: A review of publications in selected
journals from 2001 to 2010. British Journal of Educational Technology, 42(4), E65-E70. https://doi.org/10.1111/j.1467-
8535.2011.01183.x

Jeong, J.S., Gonzdlez-Gémez, D., & Cafada-Cafada, F. (2016). Students’ perceptions and emotions toward learning in a flipped
general science classroom. Journal of Science Education and Technology, 25, 747-758. https://doi:10.1016/j.jneb.2014.08.008

Jeong, J. S., Ramirez-Gémez, A., & Gonzalez-Gémez, D. (2017). A web-based scaffolding-learning tool for design students’
sustainable spatial planning. Architectural Engineering and Design Management, 13(4), 262-277. https://doi.org/10.1080
/17452007.2017.1300129

Jeong, J. S., Gonzalez-Gémez, D., & Canada-Caiada, F. (2019). Prioritizing elements of science education for sustainable de-
velopment with the MCDA-FDEMATEL method using the flipped e-learning scheme. Sustainability, 11(11), 3079. https://
doi.org/10.3390/su11113079

Jeong, J.S., Gonzalez-Gémez, D., Cafada-Cafnada, F., Gallego-Picé, A, & Bravo, J. C. (2019). Effects of active learning methodolo-
gies on the students’emotions, self-efficacy beliefs and learning outcomes in a science distance learning course. Journal
of Technology and Science Education, 9(2), 217-227. https://doi.org/10.3926/jotse.530

Jeong, J. S., Gonzalez-Gomez, D., Conde-Nurez, M. C,, & Gallego-Picé, A. (2019). Examination of students’ engagement with
R-SPQ-2F of learning approach in flipped sustainable science course. Journal of Baltic Science Education, 18(6), 880-891.
https://doi.org/10.33225/jbse/19.18.880

Jeong, J. S., & Gonzalez-Gémez, D. (2020). A web-based tool framing a collective method for optimizing the location of a
renewable energy facility and its possible application to sustainable STEM education. Journal of Cleaner Production, 251,
119747. https://doi.org/10.1016/j.jclepro.2019.119747

Kaelin, M. A., Huebner, W. W., Nicolich, M. J., & Kimbrough, M. L. (2007). Field test of an epidemiology curriculum for middle
school students. American Journal of Health Education, 38(1), 16-31. https://doi.org/10.1080/19325037.2007.10598938

412

W https://doi.org/10.33225/jbse/20.19.401



Journal of Baltic Science Education, Vol. 19, No. 3, 2020

|SSN ]648_3898 /Print/ EXAMINING THE EFFECT OF AN ONLINE FORMATIVE ASSESSMENT TOOL (OFAT) OF
STUDENTS’ MOTIVATION AND ACHIEVEMENT FOR A UNIVERSITY SCIENCE EDUCATION
|SSN 2538—7138 /Online/ (P. 4D01-414)

Kluger, A. N., & DeNisi, A. (1996). The effects of feedback interventions on performance: A historical review, a meta-analysis,
and a preliminary feedback intervention theory. Psychological Bulletin, 119(2), 254-284. https://doi.org/10.1037/0033-
2909.119.2.254

Koedinger, K. R., McLaughlin, E. A., & Heffernan, N. T. (2010). A quasi-experimental evaluation of an on-line formative assess-
ment and tutoring system. Journal of Educational Computing Research, 43(4), 489-510. https://doi.org/10.2190/EC.43.4.d

Larreamendy-Joerns, J., & Leinhardt, G. (2006). Going the distance with online education. Review of Educational Research, 76(4),
567-605. https://doi.org/10.3102/00346543076004567

Lazowski, R. A, & Hulleman, C. S. (2015). Motivation interventions in education: A meta-analytic review. Review of Educational
Research, 39, 1-39. https://doi.org/10.3102/0034654315617832

Maier, U. (2014). Computer-assisted, formative performance diagnostics in primary and secondary schools. A research overview
on development, implementation and effects. Unterrichtswissenschaft, 42(1), 69-86.

Maier, U., Wolf, N., & Randler, C. (2016). Effects of a computer-assisted formative assessment intervention based on multiple-
tier diagnostic items and different feedback types. Computers & Education, 95, 85-98. https://doi.org/10.1016/j.compe-
du.2015.12.002

Molenaar, I., & Van Campen, C. (2015). Learning analytics in practice. The effects of adaptive educational technology Snappet on
students’ arithmetic skills. Radboud University Nijmegen.

Mory, E. H. (2004). Feedback research revisited. In D. Jonassen (Ed.), Handbook of research on educational communications and
technology (pp. 745-783). Erlbaum Associates.

Muis, K. R., Ranellucci, J,, Trevors, G., & Duffy, M. C. (2015). The effects of technology-mediated immediate feedback on kinder-
garten students’ attitudes, emotions, engagement and learning outcomes during literacy skills development. Learning
and Instruction, 38, 1-13. https://doi.org/10.1016/j.learninstruc.2015.02.001

Narciss, S., Sosnovsky, S., Schnaubert, L., Andres, E., Eichelmann, A., & Goguadze, G. (2014). Exploring feedback and student
characteristics relevant for personalizing feedback strategies. Computers & Education, 71(0), 56-76. https://doi.org/10.1016/j.
compedu.2013.09.011

Nunnery, J. A, Ross, S. M., & McDonald, A. (2006). A randomized experimental evaluation of the impact of accelerated reader/
reading renaissance implementation on reading achievement in grades 3 to 6. Journal for Education for Students Placed
at Risk, 11(1), 1-18. https://doi.org/10.1207/s15327671espr1101_1

OECD. (2015). Students, computers and learning: making the connection, OECD Publishing.

Oosterhof, A, Conrad, R. M., & Ely, D. P. (2008). Assessing learners online. Pearson.

Pacheco, E,, Lips, M., & Yoong, P. (2018). Transition 2.0: Digital technologies, higher education, and vision impairment. Internet
and Higher Education, 37, 1-10. https://doi.org/10.1016/j.iheduc.2017.11.001

Pachler, N., Daly, C., Mor, Y., & Mellar, H. (2010). Formative e-assessment: Practitioner cases. Computers & Education, 54,715-721.
https://doi.org/10.1016/j.compedu.2009.09.032

Pape, S. J., Irving, K. E., Owens, D.T., Boscardin, C. K., Sanalan, V. A, Abrahamson, A. L., & Silver, D. (2012). Classroom connectiv-
ity in algebra | classrooms: Results of a randomized control trial. Effective Education, 4(2), 169-189. https://doi.org/10.10
80/19415532.2013.841059

Pilli, O., & Aksu, M. (2013). The effects of computer-assisted instruction on the achievement, attitudes and retention of fourth grade
mathematics students in North Cyprus. Computers & Education, 62,62-71. https://doi.org/10.1016/j.compedu.2012.10.010

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, social development, and
well-being. American Psychologist, 55(1), 68-78. https://doi.org/10.1037/0003-066X.55.1.68

Schruba, A. E. (2008). Evaluation of student attitude toward science and self-efficacy in a non-major college biology course. Texas
Christian University.

Sheard, M., Chambers, B., & Elliott, L. (2012). Effects of technology-enhanced formative assessment on achievement in primary
grammar. https://www.york.ac.uk/media/iee/documents/QfLGrammarReport_Sept2012.pdf

Shirley, M. L., Irving, K. E., Sanalan, V. A, Pape, S. J., & Owens, D.T. (2011). The practicality of implementing connected classroom
technology in secondary mathematics and science classrooms. International Journal of Science and Mathematics Education,
9(2), 459-481. https://doi.org/10.1007/s10763-010- 9251-2

Shute, V. J. (2008). Focus on formative feedback. Review of Educational Research, 78(1), 153-189. https://doi.
0rg/10.3102/0034654307313795

So, S. (2016). Mobile instant messaging support for teaching and learning in higher education. Internet and Higher Education,
31, 32-42. https://doi.org/10.1016/j.iheduc.2016.06.001

Sorensen, E. K., & Takle, E. S. (2005). Investigating knowledge building dialogues in networked communities of practice. A col-
laborative learning endeavor across cultures. Interactive Educational Multimedia, 10, 50-60.

Sung, Y.T, Chang, K. E.,, & Liu, T. C. (2016). The effects of integrating mobile devices with teaching and learning on students’learn-
ing performance: A metaanalysis and research synthesis. Computers & Education, 94, 252-275. https://doi.org/10.1016/j.
compedu.2015.11.008

Timmers, C. F, Braber Van den Broek, J., & Van den Berg, S. M. (2013). Motivational beliefs, student effort, and feedback
behaviour in computer-based formative assessment. Computers & Education, 60(1), 25-31. https://doi.org/10.1016/j.
compedu.2012.07.007

Timmers, C., & Veldkamp, B. (2011). Attention paid to feedback provided by a computer-based assessment for learning on
information literacy. Computers & Education, 56(3), 923-930. https://doi.org/10.1016/j.compedu.2010.11.007

413

https://doi.org/10.33225/jbse/20.19.401 W



Journal of Baltic Science Education, Vol. 19, No. 3, 2020

414

EXAMINING THE EFFECT OF AN ONLINE FORMATIVE ASSESSMENT TOOL (OFAT) OF ISSN 1648-3898  /piint/
STUDENTS’ MOTIVATION AND ACHIEVEMENT FOR A UNIVERSITY SCIENCE EDUCATION
(P. 4D1-414) ISSN 2538-7138 /Online/

Tsivitanidou, O. E., Constantinos, |., & Constantinou, P. (2016). A study of students’ heuristics and strategy patterns in web-
based reciprocal peer assessment for science learning. Internet and Higher Education, 29, 12-22. https://doi.org/10.1016/j.
iheduc.2015.11.002

Vonderwell, S, Liang, X., & Alderman, K. (2007). Asynchronous discussions and assessment in online learning. Journal of Research
on Technology in Education, 39(3), 309-328. https://doi.org/10.1080/15391523.2007.10782485

Wang, T. H., Wang, K. H., & Huang, S. C. (2008). Designing a web-based assessment environment for improving pre-service
teacher assessment literacy. Computers & Education, 51(1), 448-462. https://doi.org/10.1016/j.compedu.2007.06.010

Wang, T. H. (2014). Developing an assessment-centered e-Learning system for improving student learning effectiveness. Com-
puters & Education, 73, 189-203. https://doi.org/10.1016/j.compedu.2013.12.002

Ysseldyke, J., & Bolt, D. M. (2007). Effect of technology-enhanced continuous progress monitoring on math achievement. School
Psychology Review, 36(3), 453-467.

Received: March 23, 2020 Accepted: June 06, 2020

Cite as: Gonzalez-Gomez, D., Jeong, S. J., & Canada-Canada, F. (2020). Examining the effect of an online formative assessment
tool (OFAT) of students’ motivation and achievement for a university science education. Journal of Baltic Science Education,
19(3), 401-414. https://doi.org/10.33225/jbse/20.19.401

David Gonzdlez-Gomez PhD, Professor, Department of Experimental Science and Mathematics
Education, University of Extremadura, Spain.
E-mail: dggomez@unex.es
Website: https://www.unex.es/conoce-la-uex/centros/profesorado/
centro/profesores/info/profesor?id_pro=dggomez
ORCID: https://orcid.org/0000-0002-3321-9290

Jin Su Jeong PhD, Assistant Professor, Department of Experimental Science and
(Corresponding author) Mathematics Education, University of Extremadura, Spain.
E-mail: jin@unex.es
Website: https://www.unex.es/conoce-la-uex/centros/profesorado/
centro/profesores/info/profesor?id_pro=jin
ORCID: https://orcid.org/0000-0003-1370-0623

Florentina Cariada-Canada PhD, Professor, Department of Experimental Science and Mathematics
Education, University of Extremadura, Spain.
E-mail: flori@unex.es
Website: https://www.unex.es/conoce-la-uex/centros/educacion/
centro/profesores/info/profesor?id_pro=flori
ORCID: https://orcid.org/0000-0001-5544-0423

W https://doi.org/10.33225/jbse/20.19.401



