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Abstract: Sustainable science, technology, engineering, and mathematics (STEM) education involves
lifelong education in various domains. Active learning strategies are receiving increased attention as
an important tool, and particularly online-based formative assessment interfaces, although challenges
to their use remain in sustainable and flipped STEM education. In this research, we observed
pre-service teachers’ (PSTs’) performance and motivation in a university STEM course that was
planned as a randomized examination of 71 students during a 2017/2018 course with an online interface
for sustainable and flipped formative assessment. In terms of PSTs’ standardized performance and
the motivation effect survey, we gathered and examined the data to observe pre- and post-test results
on adaptive assignments. Additionally, feedback from/to instructors and their log records were
recorded by the proposed interface. The results demonstrate the PSTs’ positive performance and
motivation, and the feedback and log records reiterate its positive influence with 98.6% participation
in the sustainable and flipped online formative assessment interface. Consequently, the foremost
drawbacks and challenges that current and traditional STEM education are facing are meaningfully
reflected by the results obtained. Thus, the platform allows PSTs to be more involved in experimental
contexts and validates learning performance, and the motivations effect survey provides a sustainable
and active learning methodology for their future profession.

Keywords: STEM; formative assessment; sustainability; flipped classroom; adaptive assignment;
PSTs; online teaching and learning; feedback

1. Introduction

The decade of education for sustainability development (DESD) has demonstrated the current
situation of sustainable science, technology, engineering, and mathematics (STEM) education [1,2].
This can help to attain their goals, together with values that require communal awareness and increased
lifelong training, involving established instruction in various education settings [1,3–5]. Active learning
strategies are required, such as online-based formative assessment interfaces, although they still face
challenges in sustainable and flipped STEM education [6–8]. Sterling stated that sustainable and
active STEM education provides an instructive experience to increase human knowledge of economic,
biological, and collective interdependence, which will lead to transformative instruction [5]. In the
pedagogical scene, procedures and purposes of teaching/learning instill abilities, principles, data, and
attitudes in learners, which can act as transformative expediters of sustainable and active learning [9–11].
Along with advanced novel information, a sustainable and flipped online-based formative assessment
learning interface could be valuable in authentic lifelong learning and STEM education on the basis of
various criteria and sub-criteria [12,13]. However, sustainable and flipped STEM higher education
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is in the early phase of its development and its applications are few, although it has played a part in
transforming organizations by educating pre-service teachers (PSTs) [14,15]. Current studies have
provided detailed examinations and arguments for sustainable STEM education via flipped schemes in
higher education by adjusting the sustainable systems involved in active learning methods [16–18].

The assessment is a core component for efficient learning and teaching in formal higher
education [19]. As a prerequisite, education must be assessment-focused and the cumulative capabilities
of students must be established, together with providing opportunities for improvement [19–21]. In the
context of computers and mobile devices in the 21st century, online-based testing in higher education
has been observed to be a favorable formative assessment practice at the university level [22–24].
Vonderwell et al. recommended that online-based formative assessment learning settings include
dissimilar features in combination with face-to-face settings due to the asynchronous characteristic
of interactivity for instructors and learners (also known as online applicants) [25]. Feedback is a
significant part of the general formative assessment context, and its efficiency exposes the strength of the
feedback scheme, as reported in previous studies [19,26–29]. Thus, online-based formative assessment
interfaces have potential to be effectively integrated in educational situations as an appropriate tool
for continuous and valuable interactions among instructors and learners [30]. Although they have
various attributes for supporting learning, these interfaces are receiving little attention in online and
web-enhanced higher education [30,31]. Pachler et al. and Wang et al. highlighted the importance
of online-based formative assessment interfaces due to the transfer of knowledge and behavior of
learners in assessment-focused learning situations [30,31].

Online-based formative assessment interfaces are closely related to student performance,
as demonstrated through adaptive assignments and various types of feedback [32,33]. Here,
the online-based formative assessment interfaces often specify assignments and tasks adapted
to individual students’ learning requirements [34]. To improve student learning effectiveness,
Wang introduced adaptive assignments and material learning [33]. Haelermans and Ghysels verified
the results and the constructive and favorable effect of the methods [35], which were promoted by the
modified characteristics of the formative assessment interfaces [35]. Performance can enrich the use of
feedback, which is connected to the motivation effect, which is linked to various types of required
feedback [32,34]. Few researchers have considered the motivation effect to validate online-based
formative assessment interface effectiveness despite previously reported improvements in students’
motivation [36,37]. In self-determination theory, Lazowski and Hulleman advocated meta-analyses
that can reveal its positive effects on students’ performance and motivation effect [37]. Pilli and Aksu
found that an online-based formative assessment interface positively influenced students’ attitudes [38].
Hunsu et al. identified a positive influence of non-cognitive results via students’ reaction toward
courses in terms of engagement and interest [39]. Therefore, STEM performance and motivation can
verify the effectiveness of an online-based formative assessment interface, since instructors and learners
can receive feedback and view the outcome throughout teaching and learning [29,38,40].

In this research, the objectives are to examine PSTs’ performance and motivation in a university
STEM course using sustainable and flipped education through an online-based formative assessment
interface. In a randomized experiment, the PSTs participated in sustainable and flipped formative
assessments, together with various assessment videos, on an online interface during a 2017/2018
course. The course comprised a total of 71 students who used a sustainable and flipped formative
assessment interface. Based on PSTs’ performance and motivation, which were surveyed pre- and
post-test along with log records, data were collected and analyzed to obtain results. Feedback and
adaptive assignments were received from the instructors using the online-based proposed interface.
A flowchart of the research is shown in Figure 1.
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Figure 1. Flowchart of research used to observe PSTs performance and motivation when using an
online-based formative assessment interface.

2. Materials and Methods

2.1. Sample

The online-based formative assessment interface was applied in a sustainable and flipped STEM
course on a general primary education science subject. As shown in Table 1, the sample included
71 PSTs that were randomized and analyzed during a 2017/2018 course. The randomization assignment
was not prejudiced. With a sustainable and flipped formative assessment interface, the PSTs, who had
no prior experience with the interface, participated into two surveys, pre- and post-test, that gathered
data about their performance and motivation. PSTs were enrolled in general STEM education for the
second year of a post-secondary primary education degree in Spain. Here, PSTs were randomly allotted
to either the experimental or waiting condition. The PSTs who did not regularly attend the class were
allocated to the waiting condition. In the experimental condition, PSTs used the online-based formative
assessment interface over 15 weeks from January to May. Only 1 enrolled PST did not participate, so a
total of 70 PSTs participated (98.6%). Table 1 provides a descriptive analysis of PSTs’ data, including
total participant number, sex, average age, educational background, and grade point average (GPA) at
the pre- and post-test on a 0 to 10 scale. Lastly, PSTs were free to choose to participate in the research
without the imposed constraints.
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Table 1. Description of the PSTs in this research.

Variable Value

Number 71

Male (number) 28.6% (20)

Female (number) 71.4% (51)

Age 20.1

Educational Background (number)

Social sciences 67% (47)

Science 21% (15)

Arts 3% (2)

Technology 3% (2)

Others 6% (5)

Pre-test grade 6.93

Post-test grade 7.54

2.2. Course Context

To measure PST performance and motivation through the online-based formative assessment
interface in a sustainable and flipped STEM course setting, the interface was applied into a general
STEM course. The class followed a flipped and sustainable paradigm integrated in a Moodle virtual
interface that was given to PSTs that had 3 theoretical sessions and 1 laboratory session over 15 weeks
in the second semester of second year of a post-secondary degree in primary education.

Table 2 provides the schematic course syllabus of the 2017/2018 course, which is a compulsory
subject for all PSTs, who learn the content through a class schedule. Five sections of the course syllabus
were organized as theoretical and laboratory content based on content and complexity. Each section
contained various class materials such as written resources, flash simulators, and video modules
containing the STEM material that PSTs need to complete before the class, and then they have a
just-in-time class that includes an online quiz, group discussion, problem sets, and case studies that are
used to review content and provide feedback to the instructors. In the laboratory section, the class size
was reduced, and various class times were used to adapt the learning environment. Thus, the provided
content was accessible for the entire course duration, which allowed PSTs to watch them repetitively.
Hence, PSTs in this sustainable and flipped class scenario can be more active and collaborative in the
class, which can lead to engagement while in-class time rather than being a passive listener.

Table 2. Schematic of the 2017/2018 course syllabus [41].

Section Title Main Content

1 Primary science teaching
and learning

Scientific literacy, primary science education, teaching models,
and resources, techniques, and strategies to instruct science (19 h).

2 The Universe The origin and evolution of the Universe and the solar system in
primary science education (33.5 h).

3 Matter
The physical and chemical properties of matter, matter interaction
properties, atomic representations, substance and mixture, density,

and mechanics and its fluids (32 h).

4 Matter transformation Physical changes, thermodynamics, chemical change/reaction,
and nuclear change/reaction (33.5 h).

5 Energy
Energy types; energy use, transfer, transformation, conservation,

and degradation; light and sound; electric energy with circuits and
magnetism; and energy in environment and society (32 h).

Total 150 h
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2.3. Data Collection and Analysis

Various instruments for data collection and analysis were used to observe PST performance
and motivation: standardized performance assessments, motivation effect survey, and log records of
PSTs. To observe PST performance, various assessments were used for the entire course at different
moments, including essay, quiz, numerical exercise, final exam, feedback, and adaptive assignments.
All assessments, particularly their general grade, were compared with previous performance—i.e.,
pre- and post-test data—which were assigned values on a 0 to 10 scale. To observe PST motivation,
as shown in Table 3, we used a survey regarding motivation toward science after using the online-based
formative assessment interface [42,43]. This questionnaire consisted of 20 items through which PSTs
could express their feelings toward science based on a five-point Likert scale, where 1 indicated
favorable and 5 indicated unfavorable. Here, the scale reliability was tested using Cronbach’s α.
Together with the standardized performance assessments, the survey was also analyzed as pre- and
post-test (beginning and end of course, respectively). In both cases, PSTs’ log records showed the
observation of the intensity of the online-based formative assessment interface. For instance, they are
completed assignments, interface utilization minutes, assignment views, etc., which can be retrieved
at any time during the course. Here, the instructors can determine what assignment PSTs have a
problem proceeding with and then can provide adaptive assignments and feedback on the basis of
their characteristics.

Table 3. The 20 questions in three questionnaire sections used to observe PST motivation [44].

Question (Q) Descriptions Section

Q1 Science is useful for the problems of everyday life. View of society about science (SS)

Q2 Science is something that I enjoy very much. Enjoyment of science (ES)

Q3 I do not perform well in science. Enjoyment of science (ES)

Q4 Doing science labs or hands-on activities is fun. Enjoyment of science (ES)

Q5 I feel comfortable in a science class. Enjoyment of science (ES)

Q6 There is little need for science in most of today’s jobs. View of society about science (SS)

Q7 Science is easy for me. Enjoyment of science (ES)

Q8 When I hear the word “science”, I have a feeling
of dislike. Enjoyment of science (ES)

Q9 I do not like anything about science. Enjoyment of science (ES)

Q10 I feel tense or upset when someone talks to me
about science. Anxiety in science (AS)

Q11 It is important to know science to get a good job. View of society about science (SS)

Q12 I would like a job that does not use any science. View of society about science (SS)

Q13 I enjoy talking to other people about science. Enjoyment of science (ES)

Q14 I enjoy watching science programs on television. Enjoyment of science (ES)

Q15 I am good at science labs and hands-on activities. Enjoyment of science (ES)

Q16 You can get along perfectly well in everyday life
without science. View of society about science (SS)

Q17 Working with science upsets me Anxiety in science (AS)

Q18 I feel nervous when thinking about doing science. Anxiety in science (AS)

Q19 It scares me to have to take science class. Anxiety in science (AS)

Q20 I have good feelings toward science. Enjoyment of science (ES)



Educ. Sci. 2020, 10, 283 6 of 14

To analyze the data collected to observe PSTs’ performance and motivation in the sustainable and
flipped STEM course, descriptive analysis was applied to depict the most suitable method for labeling
and characterizing the data and drawing probable conclusions (Table 1). Then, sample homogeneity was
extended to verify the outcomes of the online-based formative assessment interface. Normal distribution
was designated through the Shapiro–Wilk normality test to confirm data establishment. If the data were
not normally distributed, a non-parametric statistical test was used due to using pre- and post-test as
the outcomes. The Mann–Whitney test helped to determine significant differences. Finally, Cronbach’s
α was used to estimate the survey reliability. The validity of the questionnaire was 0.83 in this test.
All participating PSTs were informed of the purpose of research data collection, and if there was a PST
who did not participate in the research and/or did not give permission to access their data, their data
were not used. The SPSS statistical tool (IBM, New York, NY, USA) was used to analyze the data.

3. Results

3.1. Formative Assessment Tool Description

Figure 2 shows the online-based formative assessment interface that was used in sustainable and
flipped STEM education to observe PSTs performance and motivation in two different environments:
PSTs and instructors.

Figure 2. Online-based formative assessment interface for PSTs and instructors.
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First, the PST environment contains an assignment, assignment video, and feedback windows for
different lessons, which allow interaction with the instructors. Here, PSTs must register to access all the
content of the online-based formative assessment interface and then can access the starting interface
that has different lesson assignments scheduled by the instructors (Figure 2a). As shown in Figure 2b,
a short video with a 5–10-min duration was provided as an assignment where PSTs were required
to watch it and completed the embedded questions. All the assignments must be completed while
watching the full video. The videos were enhanced assignments with embedded time-interactivity.
As shown in Figure 2c, the interface provides feedback windows after finishing each assignment.
Here, PSTs can interact with the instructors through immediate and simple feedback with different
colors (green indicates suitable and red indicates unsuitable) when they finish a video assignment.
In terms of immediate feedback, PSTs may add some comments to their answers and/or request further
explanation from instructors. Therefore, the instructors recalculate and decide upon the required
adaptive assignment levels based on the capability and reaction of PSTs to the regular curriculum.

Second, the instructor environment contains overview, monitoring, and PST summary windows
in a dashboard. As shown in Figure 2d, the overview window demonstrates all video assignments
that were completed by the PSTs. Here, the instructors can check the total number of views and the
number of completed views for the assigned videos. In this window, they can also preview assignment
videos for each PST. As shown in Figure 2e, the monitoring window depicts the student progress and
evolution. Here, the instructors can track an assignment video for both individual PSTs and the entire
class. Particularly, the assigned video progress option shows the performance of each PST along with
their answer accuracies, feedback, and comments to the instructors. This option shows how a PST
acted to achieve their learning goals based on their progress. As shown in Figure 2f, the PST summary
window shows each mean outcome summary for the corresponding lessons for all the various assigned
videos. Here, the instructors can differentiate PST performance levels along with adaptive assignments,
which are delivered via the online-based formative assessment interface on the basis of each PST and
assignment characteristics.

3.2. Observed Results

Figure 3 indicates the PSTs performance outcomes with the use of the online-based formative
assessment interface. Together with various instruments applied, we obtained the mean value for the
course indicated. The various instruments used as class assessments included numerical exercises,
quizzes, and essays with adaptive assignments, which produced their mean grade. PSTs completed
these assignment types in class, which produced a relatively homogenous mean grade, as shown in
the figure. In the case of lab assignments, PSTs grades could be divided into three groups: lab diaries,
numerical exercises, and lab reports. The final grade for this course, which was provided as a
post-test grade as shown in Figure 3, was 70% final exam grade and 30% class and lab assignments
completed throughout the course. Thus, feedback to PSTs along with adaptive assignments helped
them to increase their performance. Here, adaptive assignment quantity positively affected PST
performance since they were more focused on their learning needs than actual curriculum assignments.
Therefore, PST performance outcomes, after applying the online-based formative assessment interface,
that were measured using dissimilar instruments suggested showed the significant positive influence
of the interface.

Figure 4 depicts the outcomes of the motivation survey with the use of the online-based formative
assessment interface during the 2017/2018 academic year. Here, a survey questionnaire comprised of
20 items was used, where the responses could be provided on a five-point Likert scale, where 1 indicated
strongly agree and 5 indicated strongly disagree. The online survey was administered two times:
as a pre-test at the beginning course and as a post-test at the end of the course. The PST outcomes
were compared using pre- and post-test responses. Amongst the 20 questions, we found a significant
difference in 12 questions. These questions were grouped into three classes in which significant
differences were perceived, as shown in Figure 4b. Particularly, the online survey outcomes showed
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that the implementation of the online-based formative assessment interface motivated PSTs toward
STEM, and this effect was positive and consistent within the course year. The questions were catalogued
in three groups: view of society about science (SS), which included questions 1 and 11; enjoyment of
science (ES), which included questions 2, 3, 4, 5, 7, 13, 14, 15, and 20; and anxiety about science (AS),
which included question 19 [42]. For SS, the outcome analysis indicated that the motivation effect
became more positive post-test compared with pre-test. For ES, PSTs anxiety significantly decreased,
and the motivation effect significantly increased from pre- to post-test, as shown in Figure 5. Therefore,
with a significant positive influence, the outcomes are emphasized in Figure 4, which provides one
question for each group as an example.

Figure 3. The analysis of PSTs performance once using the proposed interface.

Table 4 describes the log records created by the online-based formative assessment interface of
PSTs in sustainable and flipped STEM education. Together with the analysis of performance and
motivation, the table shows the PST system interactions, relevant information, and system usage
degree. A positive effect on performance and motivation was noted for the videos assigned through the
online-based formative assessment interface. The interface contained a total of 28 video assignments
with a total duration of 315.07 min for the course, and the average length of each video assignment
was 11.25 min. The average video watching time per PST was 1192 min, which indicated that the
PSTs watched the videos more than once. One particular PST used the interface more than the other
PSTs. Thus, through the interface, the average views per assignment was 163 times, regardless of the
time spent on it. So, we determined the average views per PST, 2.33 times, along with the average
views per assignment. In this 2017/2018 course, the average spent time per assignment was 42.5 min.
A similar pattern showed that each PST spent more than four times the original video length on each
assignment. Therefore, we found that the online-based formative assessment interface helped to
improve performance and motivation of PSTs in sustainable and flipped STEM education.
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Figure 4. The analysis of motivation effect survey of (a) 20 survey questions and (b) 12 selected questions for pre- and post-test data after applying the interface [42].
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Figure 5. The ES analysis of selected questionnaire between pre- and post-test.

Table 4. Descriptive analysis of the log records from the online-based formative assessment interface.

Description Unit Value

PST

Number

70

Total assignment 28

Average views per PST 2.33

Average views per assignment 163

Assignments completed by PST % 89

Total hour per course

Minutes

315.07

Average length per each assignment 11.25

Average spent time per assignment 42.5

Average time per PST 1192

3.3. Discussion

The obtained outcomes provided new information that can be considered to monitor PST
performance and motivation. The proposed online-based formative assessment interface for specific
sustainable and flipped STEM education of PSTs can fill a gap in current traditional teaching
methodologies and be used to measure performance and motivation along with log records, feedback,
and adaptive assignments.

Although sustainable STEM education is spreading, it is still in an early phase and not enough
interfaces and methodologies are available in higher education [1,2,8]. In these environments, the goals
include increasing public consciousness, engaging in life-long instruction, and increasing knowledge
in various instructive areas [1,3–5]. Online-based formative assessment interfaces, as an active learning
strategy, are receiving increased attention as an educational tool, although they still face challenges
in implementation in sustainable and flipped STEM education [6–8]. Assessments are used to help
test the understanding of a concept and the effectiveness of teaching in higher education [19–21].
Thus, online-based formative assessment interfaces have the potential to be integrated in educational
situations to enable effective interactions amongst instructors and learners [30]. However, sustainable
and flipped STEM education is still in its initial stages and has rarely been applied in real-word
settings, although it has been used in various scenarios for educating professionals [14,15]. Current
available research discusses in detail the assessment of sustainable and flipped STEM education in
higher education in increasing innovation [16–18].



Educ. Sci. 2020, 10, 283 11 of 14

In 21st century higher education, with assessment as an essential component, online-based
interfaces aided by mobile devices and computers can be used to disseminate assessments [22–24].
Vonderwell et al. recommended that online-based formative assessment learning settings include
dissimilar features in parallel with face-to-face settings due to the asynchronous characteristic of
interactivity for instructors and leaners—that is, online applicants [25]. Along a similar line of
research, Molenaar and Van Campen stated that online-based formative assessment interfaces can
be matched in other instructive stages [45,46]. In the formative assessment context, feedback is a
significant part, and its efficiency exposes the strength of the feedback scheme [19,26–29]. For an
online-based formative assessment interface, feedback and adaptive assignments are vital aspects
that can indicate performance for a diagnostic valuation. Although it provides essential supporting
learning characteristics, these platforms are receiving little attention in online-based and web-enhanced
higher education [30,31]. In this context, Pachler et al. and Wang et al. highlighted the importance
of online-based formative assessment interfaces for knowledge transfer and learner attitude in
assessment-focused learning situations [30,31].

In sustainable and flipped STEM education, PSTs’ performance can be visualized using numbers
along with adaptive assignments and feedback via online-based formative assessment interfaces [32,33].
Cornelisz et al. demonstrated the influence of adaptive assignments that can be differentiated based
on PST performance [47]. For individual PST requirements, online-based formative assessment
interfaces repeatedly specify learning adaptive assignments [34]. Wang noted the positive influence
of adaptive learning due to its assignments and resources [33]. Additionally, the use of feedback
is connected to the motivation effect feedback [32,34]. Using an online-based formative assessment
interface, Pilli and Aksu observed a positive influence on students’ attitudes [38]. Performance and
motivation can verify the effectiveness of these interfaces since instructors and learners can obtain
feedback and determine the impact on the teaching and learning progress [29,38,40]. Therefore,
further research is required on adaptive assignment and feedback efficiency in entire education groups
to support this new online-based formative assessment interface [48,49]. Thus, the online-based
formative assessment interface could have greater effects on various levels of students’ performance
and motivation, as previously reported [22,48,50–52].

Consequently, this methodology could be employed in future studies to observe PST performance
and motivation during sustainable and flipped STEM education in parallel education settings along
with required available data. Due to its flexibility, the interface could be used to elucidate other
educational extents.

4. Conclusions

This paper presented the effects of an online-based formative assessment interface on PST
performance and motivation effect during the 2017/2018 academic year in a university STEM course
provided as sustainable and flipped education. A total of 71 students were randomly chosen, and the
participate rate was 98.6% in a course that was part of a primary education bachelor’s degree in Spain.
We observed and measured standardized PST performance and motivation using a pre- and post-test
survey in a normal classroom setting. With log records, the intensity of interface usage amongst PSTs
and instructors was determined.

The research findings showed that the online-based formative assessment interface can positively
influence PSTs’ performance and motivation in sustainable and flipped STEM education via diagnostic
valuation. If PSTs and instructors are using the interface to a greater extent, the interface could be
even further applicable. Particularly, the PSTs can achieve higher sustainable STEM performance
and feel more motivated; in the instructors’ case, they can differentiate their teaching method using
feedback adaptive assignments and log records. Therefore, with the outcomes obtained, traditional
STEM education drawbacks can be overcome. The interface can be used to increase PST and instructor
communication and improve the PSTs’ professionalization in sustainable STEM education.
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