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SIGNIFICANCE OF ASSESSMENT AND COMMUNICATION WITH THE TEACHER 
IN THE CHEMICAL TECHNOLOGY LEARNING PROCESS

Silvia Traykova, Lachezar Radev

ABSTRACT

Given the complexity of the learning content, in modern engineering education, the need for feedback from the 
students is also relevant. Not only during an exam when they demonstrate the outcomes of their studying. There is a 
need to research students’ opinions on effective communication with teachers, teaching methods and assessment. The 
goal of this publication is to show the results of a study conducted with students in the Fundamentals of Chemical 
and Metallurgical Technologies (FCME) major at the University of Chemical Technology and Metallurgy (UCTM), 
Sofia. Students’ opinions are presented regarding the teacher’s requirements for independent work and presentation 
of results, teaching methods and assessment of knowledge and skills. Respondents were third year full-time and 
part-time students at the Faculty of Chemical Technologies, major FCME. 

The outcomes of the study we conducted demonstrate that the use of different methods of teaching and assessment, 
as part of it, including giving tasks for self-assessment, increase students’ understanding and satisfaction of the learning 
process.  Good communication between teachers and students, clear work requirements and criteria make the course 
content and assessment more understandable and meaningful for the students. They become active participants in 
the learning process, which leads to exhibited responsibility and commitment towards it.
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INTRODUCTION 

Learners’ perceptions of assessment and their 
concomitant approaches to studying are very personal 
and individual constructs of the learner. Assessment 
should be objective, carefully planned, outlining the 
scope and requirements of the training. It is a key 
element in the effective teaching because it measures 
the learning outcomes addressed in the teaching-learning 
process [1]. Often, assessment can have a greater impact 
on the learning process than teaching itself. Research 
has focused on the impact of assessment on student 
learning in higher education [1 - 9]. Clearly, to be 
motivated to acquire knowledge, learners must believe 
that the intended instructions and study material are 

related to their motives for making a connection with 
the environment, and such connection may be based 
on personal choice, as concluded in [10]. Assessment 
of learning should be based on gathering information 
that allows teachers and learners to use it for feedback. 
This means that the outcome of the assessment should 
be some information that the teacher and the learner can 
interpret to improve the task [11].  

Obviously, assessment affects both the motivation to 
learn and the active participation in the learning process 
[1 - 11]. Some authors point out that the assessment task, 
the context, the teacher, and the previous experience 
have their significant influence on the presentation of 
the learning outcomes [12]. Many students express the 
opinion that they perceive traditional assessment tasks 

Received 09 July 2023
Accepted 20 December 2023 DOI: 10.59957/jctm.v59.i2.2024.29



Journal of Chemical Technology and Metallurgy, 59, 2, 2024

480

as arbitrary and irrelevant. It is concluded that this does 
not lead to effective learning, because learners’ study 
only for the purpose of the specific assessment, with 
no intention of maintaining their knowledge in any 
long-term way [12]. On the other hand, however, the 
most complex scientific knowledge is rarely suitable 
as cognitive goals in the curriculum. Rather, there is 
a process of rationalizing the scientific knowledge 
into something more appropriate for the learners, as 
concluded in [13].

Chemical engineering (CEng) is a versatile major, 
both in educational context and as a job. The curricula 
taught are diverse and offer problem solving, design, 
control, management, materials science, safety, 
economics, and environmental impact, along with the 
CEng fundamentals. Thus, students are prepared for a 
range of roles in the industry and the scientific research. 
This set of diverse knowledge is part of the educational 
process that helps students to develop key transferable 
skills needed in the chemical and engineering industries 
[14].  The conclusion that the study of students’ opinions 
about assessment helps to analyze their satisfaction of 
the learning process.

In the broad context of the chemical engineering 
education, Low [15] points out that some students may 
have difficulty visualizing industrial equipment, unit 
operating packages, and how these sections fit together as 
part of a particular process for multifaceted applications 
[16, 17]. Students may also feel burdened by questions 
that require text responses which take more time, and this 
may affect their mood and attention span [18].

In the modern educational process, students are 
encouraged not only to master knowledge and skills, 
but also to engage in professional development activities 
in order to reflect on their own progress. As is known, 
many universities offer specific skills in each educational 
qualification level, to be applied in the context of 
the European Higher Education Area (EHEA) [19]. 
Communication skills, problem solving, teamwork, 
information technology, to name a few, are some of the 
main key skill areas recognized by the lecturers. The 
shared experience of introducing key employability skills 
into the curricula of higher education students is also of 
interest, with a view to the development and assessment 
of key skills in the undergraduate degree, as presented 
by Fernández et al., Universidad Europea de Madrid, 
Spain [19].

The idea of assessing the skills and abilities 
through a questionnaire, which was implemented at the 
University of Strathclyde, Glasgow, United Kingdom, 
is valuable. The University of Glasgow’s survey was 
performed through an online questionnaire. It aims 
to assess the views of future chemical engineers on 
personal employability both before and after graduation. 
The results of the survey show that, in general, the 
respondents believe that their technical knowledge 
exceeds the job requirements, while transferable skills 
and topics related to management and self-control are 
generally not available. The conclusion from this is 
that although the educational outcomes are useful for 
learning and teaching, students may not be fully aware 
of what skills they have developed during their time at 
university if these skills are not explicitly stated [14]. 

On the other hand, the question of how different 
forms of assessment affect student learning and/
or performance has been studied by various authors 
[12, 20 - 22]. For example, Cooper et al. distinguish 
between direct and indirect assessment, considering 
an online course held at the University of North 
Carolina, North Carolina State University [20]. The 
authors state that direct course evaluation is derived 
from student performance on individual homework, 
quizzes, and exam problems related to each of the 
course’s learning objectives. Indirect assessments are 
collected through end-of-semester course evaluations 
and responses to structured lists of qualitative indicators 
related to motivation (task value, interest, and personal 
effectiveness) and course experience (time spent in the 
course, connectivity, and Moodle structure) [20]. 

In order for chemical engineering research to be 
adopted into teaching practice, Wankat notes that there 
should be a close relationship between researchers 
and teachers in order to have an impact on chemical 
engineering students [22]. Based on this, our interest is 
based on the significance of exploring ways and methods 
of assessing both knowledge and skills, as well as student 
motivation. More specifically: how to help students 
learn to self-assess so they can take control over their 
own learning; how learners’ understanding rather than 
just problem solving can be assessed by incorporating 
specific chemical engineering topics such as mass and 
energy balances; what are the best assessment methods 
for each educational program outcome. And finally, in 
the process of the survey, to identify understandings 
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and expectations of students in chemical engineering 
regarding the importance of communication with the 
teacher and independent activity in the learning process.  

The University of Chemical Technology and 
Metallurgy (UCTM) also has in its curricula courses 
in which skills necessary for successful professional 
realization are studied. These are: “Career Development 
and Entrepreneurship”; “Communications in Social 
Systems” and “Organizational Development and Staff 
Training”; “Business Psychology”. More and more 
teachers of fundamental and engineering disciplines 
in various majors include self-assessment, teamwork, 
critical thinking, problem solving, and collaboration 
skills in the assessment of the learning outcomes 
demonstrated by the students. For example, the course 
in FCME is technologically fundamental. General 
knowledge of processes and devices in the chemical 
industry, inorganic and organic chemistry, ecology 
and heat engineering are being interconnected and 
deepened. During lectures, laboratory exercises and 
solving technological tasks, individual presentations are 
made and presented by the students. There is ongoing 
assessment, midterms and an exam.

UCTM also conducts surveys among first-year 
students regarding their satisfaction of the introductory 
courses in fundamental disciplines. Due to the specificity 
of the chemistry as a science and the complex chemical 
and technological processes being studied, it is important 
both to identify the knowledge before entering university, 
and to carry out regular control of the acquired basic 
knowledge in each discipline.

Nowadays there is increasing talk about continuous 
assessment. Regular feedback, ongoing assessment – 
even if only verbal, qualitative rather than quantitative 
(numerical) - is recommended, so that the student 
knows whether he has correctly understood the task, 
directions and work recommendations and is confident 
of the progress made. A running grade can help for an 
actual and fair overall grade if the final exam grade is 
dubious. Regular verification of knowledge and skills 
in chemical technologies could be carried out for a 
certain topic or section, for example, by giving tasks 
to make a presentation on lecture material. Students’ 
understanding, their satisfaction of the communication 
with the teacher in the learning process and specifically 
during assessment, is of utmost importance. Therefore, 
this whole set of questions is also the subject of our 

research. When assigning tasks for independent work, 
it is necessary for the teacher to set the performance 
criteria. They must be clearly worded in order to be 
understood. Another way to collect assessment data is for 
the teacher to provide an opportunity for self-assessment 
or for peer assessment based on the criteria given. It is 
also necessary to emphasize that self-assessment is an 
important element of education, as it implies a critical 
attitude to one’s own work and is the basis for clarifying 
personal educational goals and building a personal 
development plan. Self-assessment helps students build 
lifelong learning skills and habits. In order to achieve 
positive results from self-assessment and make it a 
factor in effective learning, it is necessary to discuss 
the assessment criteria together with the students; give 
them instruction how the criteria are applied; to provide 
feedback from the teacher, for example, about possible 
differences between self-assessment and the teacher’s 
assessments.

As stated above, many learners perceive traditional 
assessment tasks as arbitrary, even irrelevant. This does 
not lead to effective learning, as they aim to learn only for 
the purpose of the specific assessment, with no intention 
of maintaining the knowledge in any long-term way 
[12]. Assessment is an important stimulus in learning 
activity. The more objectively and comprehensively 
the knowledge and skills check is carried out, the more 
objective the assessment. Feedback from students has a 
positive effect. Therefore, a questionnaire was designed 
for this study, the purpose of which was not only to obtain 
data, but also to provide an opportunity for the students 
to give feedback and to reflect on their own learning 
process. With a change in the feedback, in the assessment 
technologies, learners will take a proactive rather than a 
reactive role in providing feedback, states [23]. 

The main hypothesis in this publication is that 
the students’ attitude towards learning (teaching and 
assessment) in FCME is based on good communication 
between the learners and the teacher, the high level 
of preparation in the course, the many independent 
tasks that stimulate self-training, self-evaluation, good 
discipline and behavior during learning, as well as on 
the dissatisfaction of learners regarding testing (testing 
and assessment of knowledge) during the education. In 
this regard, demonstrated activity, independence, and 
initiative by the students are of great significance for the 
satisfaction of the FCME learning. They are manifested 
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given the teacher’s positive attitude (evaluates progress, 
not only errors in performance), the desire to complete 
the assigned tasks, self-assessment. For the formation 
of a positive attitude towards learning in the discipline, 
both classroom and extracurricular activities, which are 
organized by the teacher, are of great importance. 

There is evidence that teachers and students agree 
with involving the latter in the assessment of their own 
learning, although both groups still have the perception 
that assessment should only be managed by experts [24]. 
Students report that they learn how to improve their own 
performance by critically examining the performance 
of others [25]. 

Previous research by Traikova et al. shows that 
students rely more on the assessment performed by an 
expert (teacher) than on their self-assessment in the 
learning process [26]. It can be concluded that this is 
so due to the fact that only the teacher’s assessment is 
valid and legitimate; a stereotype is demonstrated that 
the expert assessment is more important. It is considered 
that, in general, no specific requirements are set for the 
performance of tasks, there are no clear criteria and 
indicators for self-assessment that can be compared 
with the teacher’s assessment [26]. It is on the basis of 
the results of previous observations and studies that the 
usefulness of the present publication is justified, namely, 
to determine whether there has been a change in the 
expectations of students and in teaching practices. On 
the other hand, the interest in the research of students’ 
opinions is related to the lack of data regarding students’ 
attitudes and understanding of the assessment process 
and of how it affects their learning and presentation of 
outcomes. In the results published here, from a study 
conducted in 2022, it can be seen that self-assessment 
tasks stimulate motivation to learn, according to 39 % 
of respondents (see Table 1, question 7).

RESULTS AND DISCUSSION

In the research presented in this publication, the 
respondents were 31 third-year full-time and part-time 
students at UCTM, major FCME. The method was 
a questionnaire. The survey card (Table 1, column 
Question No) includes questions with the aim of studying 
the students’ understanding of the teacher’s instructions 
and establishing their opinion about communication in 
the FCME learning process. Table 1 summarizes the 

results of the conducted survey. 
The interpretation of the data in Table 1 is based on 

the following indicators:
•	 The students’ attitude towards the teacher’s 

requirements for communication during the 
educational process (Questions 1, 4, 8).

•	 The students’ attitude towards the teacher’s 
requirements related to the preparation in FCME 
(Questions 2, 3, 5).

•	 The students’ attitude towards the teacher’s 
requirements regarding the testing (testing and 
assessment of knowledge) during the education 
(Questions 4, 6, 11).

•	 The students’ attitude towards the teacher’s 
requirements, set in relation to individual work and 
self-learning (Questions 7, 8, 11).

•	 The students’ attitude towards the teacher’s 
requirements aimed at motivation for making and 
delivering presentations (Questions 9, 10).

When analyzing the results of our study, the 
following conclusions were drawn:

1.	 In general, students have a positive attitude 
towards the process of communication in education. 
Most of the students are definite in their opinion that 
there is effective communication between the teacher 
and the students in the FCME course.

2.	 Although positive answers prevail, it cannot 
be categorically stated that the attitude of the students 
towards the teacher’s requirements related to their 
FCME preparation is unanimously positive (68 %). 
Students who experience difficulties in learning and 
individual preparation also experience difficulties in 
understanding and learning the educational content. 
Some students think that the content is difficult, that 
the criteria for presenting knowledge and skills are 
too high. 

3.	 It is clear from the answers that the students’ 
attitude towards the requirements of the teachers 
regarding the examination (testing and assessment of 
knowledge) is definitely positive. They are given guiding 
questions and individual tasks.

4.	 Regarding the requirements set in relation 
to individual work and self-preparation, it can be 
concluded that the opinions are wavering. For example, 
on question 7: “Do you think that self-assessment 
tasks stimulate motivation to learn in FCME?” only 
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Question No Reply Count %

1. Are the explanations given by the 
teacher when assigning individual tasks 
clear and understandable to you?

Yes 22 out of 31 71 %
Rather yes 4 out of 31 13 %
Rather not 3 out of 31 10 %

No 2 out of 31 6 %

2. Are you interested in attending FCME 
classes?

Yes 22 out of 31 71 %
No 7 out of 31 23 %

Don’t know 2 out of 31 6 %

3. In your opinion, which methods of 
studying FCME are interesting?

Practical 27 out of 31 87 %
Verbal 3 of 17 10 %
Visual 1 out of 31 3 %

4. For assessment tasks (in an exam), 
does the teacher give sufficiently clear 
guidelines for work and performance?

Yes 26 out of 31 84 %
Rather yes 3 of 17 6 %

No 2 out of 31 10 %
Rather not -

5. In your opinion, does the assigning of 
individual tasks of various difficulties 
to individual students help to increase 
knowledge?

Yes 18 out of 31 58 %
Rather yes 9 out of 31 29 %

No 2 out of 31 6 %
Rather not 2 out of 31 7 %

6. In your opinion, what are the 
requirements for FCME assessment?

Achievable 26 out of 31 84 %
Very high 3 out of 17 10 %

Low 2 out of 31 6 %

7. Do you think that self-assessment 
tasks stimulate motivation to learn?

Yes 12 out of 31 39 %
No 10 out of 31 32 %

Rather yes 7 out of 31 23 %
Rather not 2 out of 31 6 %

8. Does the teacher set specific/clear 
requirements for the performance of 
individual work?

Yes 21 out of 31 68 %
Rather yes 7 out of 31 23 %

No 3 out of 17 9 %
Rather not - -

9. Is making presentations on FCME 
interesting and useful?

Yes 25 out of 31 84 %
No 4 out of 17 13 %

It depends 2 out of 31 3 %

10. Are clear criteria for performance 
and assessment of a presentation set for 
you?

Yes 25 out of 31 81 %
No 4 out of 17 13 %

Rather yes 1 out of 31 3 %
Rather not 1 out of 31 3 %

11. Does FCME assessment motivate 
you to study harder and perform better? 

Yes 28 out of 31 97 %

No 3 out of 17 3 %

Table 1. Research questions and results.	
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39 % answered definitely “yes”, and 32 % answered 
definitely “no”.

5.	 Regarding the students’ attitude towards 
the influence of the teacher’s requirements on their 
motivation to make and present presentations, it can be 
concluded that it is definitely positive. Question 9: Is 
making presentations on FCME interesting and useful? 
- “Yes” answers were 84 %; Question 10: Are clear 
criteria for performance and assessment of a presentation 
set for you? - “Yes” answers were 81 %; Question 11: 
Does FCME assessment motivate you to study harder 
and perform better? - “Yes” answers were 97 %.

Considering the posit ive att i tude of the 
respondents, the above hypothesis can be confirmed 
by the results obtained. The students’ attitude towards 
the requirements of the teacher in the FCME course 
is built on the good relationship and cooperation 
between students and teachers. It can be concluded 
that the communication during education is successful 
and effective for the process. Students are satisfied 
of the communication with the teacher. They assess 
positively the high level of training in the FCME 
discipline. Individual work tasks, according to the 
respondents, stimulate active self-preparation and 
self-assessment. Students are also satisfied with the 
ways of testing and assessing their knowledge. The 
hypothesis is confirmed, based on the analysis of 
the results, which show the positive attitude of the 
learners towards the teacher’s requirements for the 
communication process during the training; towards 
the requirements related to the preparation in the 
FCME discipline; towards the requirements of the 
teachers regarding the preparation and delivering 
of presentations; towards the requirements set in 
relation to individual work and self-preparation in 
and outside the educational environment; towards 
the requirements of the teachers regarding the testing 
process (control and assessment of knowledge) 
during the training. With appropriate homework 
instructions and techniques, teachers could induce 
positive attitudes in students [27]. This was also 
confirmed in our research. Hailikari and Parpala point 
out that students’ attitudes and experiences regarding 
assessment and how it affects learning have not been 
addressed [4]. We think that this needs to be changed.

The learner is not expected to just learn alone 
or in groups without the intervention of the teacher 

[28]. The new way of thinking of learners requires 
new teaching technologies as a natural progression of 
learning methodology. Electronic learning (e-learning) is 
considered to be at the forefront of teaching technologies 
in modern pedagogy [29] as part of quality management 
systems. Learners should be supported in developing 
skills to plan, observe and assess their learning [30]. 
Mourshed et al. suggest that well-used inquiry-based 
approaches can significantly raise achievements, but 
only when used sparingly and embedded in a wider 
context of high-quality teacher-directed learning 
[31]. The teacher explains and demonstrates ideas, 
discusses questions and leads discussions, motivates 
the active participation of students. This approach can 
be successfully applied in the teaching of chemical 
technology and other engineering disciplines.

CONCLUSIONS

The study of students’ opinion and attitude towards 
the learning process and the assessment process, as its 
main component, becomes increasingly significant and 
relevant in the modern educational process. The way 
learners feel about the learning and teaching process 
determines how they cope with the requirements and 
what are their learning outcomes. 

The influence of teacher’s requirements and 
assessment on learners’ confidence is of interest for 
both current and future studies of ours. Nowadays, 
the requirements to the teacher’s role and the teaching 
methods are changing to stimulate the individual 
and active learning of the students. As enablers of 
instructional communication, educators use strategies, 
including direct instruction, and teach metacognition. 
In order to adequately respond to the demands of both 
teachers and students, as well as employers, and to 
ensure an increase in the quality of higher education, it is 
necessary to study not only current knowledge, but also 
to develop questionnaires studying the students’ opinions 
and expectations for a more adequate assessment of 
knowledge, skills and competences that are important 
to them. Studying learners’ opinions and expectations 
about the learning process and the assessment as a factor 
influencing their motivation to learn is a useful way of 
collecting data which will provide information about 
the identification and development of good educational 
practices. 



Silvia Traykova, Lachezar Radev

485

REFERENCES 

1.	 D. Wiliam, What is assessment for learning?, Studies 
in Educational Evaluation, 37, 2011, 3-14, http://doi.
org/10.1016/j.stueduc.2011.03.001.

2.	 P. Black, D. Wiliam, Assessment and classroom 
learning, Assess. Educ. Princ. Policy Pract., 5, 1998, 
7-74, http://dx.doi.org/10.1080/0969595980050102.

3.	 G. Gibbs, C. Simpson, Conditions Under Which 
Assessment Supports Students’ Learning, Learning 
and Teaching in Higher Education, Issue 1, 2005, 
https://doi.org/10.1007/978-3-8348-9837-1

4.	 T.K. Hailikari, A. Parpala, What impedes or enhances 
my studying? The inter-relation between approaches 
to learning, factors influencing study progress and 
earned credits, Teach. High. Educ. 19, 2014, 812-824,  
http://dx.doi.org/10.1080/13562517.2014.934348.

5.	 T. Jessop, C. Tomas, The implications of programme 
assessment patternsfor student learning, Assess. Eval. 
High. Educ. 42, 2017, 990-999, http://dx.doi.org/10.
1080/02602938.2016.1217501.

6.	 P. Ramsden, Learning to Teach in Higher 
Education, 2nd ed., 2003, Routledge, https://doi.
org/10.4324/9780203507711.

7.	 C. Rust, The impact of assessment on student 
learning. Act. Learn. High. Educ.3, 2002, 145-158, 
http://dx.doi.org/10.1177/1469787402003002004.

8.	 K. Scouller, The influence of assessment method 
on students’ learning approaches: multiple choice 
question examination versus assignment essay, 
High. Educ. 35, 1998, 453-472, http://dx.doi.
org/10.1023/A:1003196224280.

9.	 G. Turner, G. Gibbs, Are assessment environments 
gendered? An analysis of the learning responses of 
male and female students to different assessment 
environments, Assess. Eval. High. Educ. 35, 2010, 687-
698, http://dx.doi.org/10.1080/02602930902977723.

10.	S. Malik, Effectiveness of ARCS model of motivational 
design to overcome non completion rate of students in 
distance education, Turkish Online Journal of Distance 
Education, Vol. 15, 2, 2014, 194-200, https://doi.
org/10.17718/tojde.18099. https://www.researchgate.
net/publication/287756948_Effectiveness_Of_Arcs_
Model_Of_Motivational_Design_To_Overcome_
Non_Completion_Rate_Of_Students_In_Distance_
Education

11.	J.J. Torres-Gordillo, F. Guzmán-Simón, B. García-

Ortiz, Communicative competence assessment for 
learning: The effect of the application of a model 
on teachers in Spain, 2020, https://doi.org/10.1371/
journal.pone.0233613.

12.	K. Struyven, F. Dochy, S. Janssens, Students’ 
Perceptions about New Modes of Assessment 
in Higher Education: A Review, Assessment & 
Evaluation in Higher Education, Vol. 30, 4, 2005, 325-
34, https://doi.org/10.1080/02602930500099102.

13.	K.S. Taber, Constructing active learning in chemistry: 
Concepts, cognition and conceptions. In: I. Devetak & 
S.A. Glažar (Eds.), Learning with Understanding in the 
Chemistry Classroom, 2014, 5-23, Dordrecht: Springer. 
https://doi.org/10.1007/978-94-007-4366-3_1.

14.	A.J. Fletcher, A.W. Sharif, M. D. Haw, Using the 
perceptions of chemical engineering students and 
graduates to develop employability skills, Education 
for Chemical Engineers, Vol. 18, 2017, 11-25, https://
doi.org/10.1016/j.ece.2016.07.001.

15.	D.Y.S. Low, P.E. Poh, S.Y. Tang, Assessing the 
impact of augmented reality application on students’ 
learning motivation in chemical engineering, 
Education for Chemical Engineers 39, 2022, 31-43, 
https://doi.org/10.1016/j.ece.2022.02.004.

16.	G. Garnier, Grand challenges in chemical engineering, 
Front. Chem. 2, 17, 2014, https://doi.org/10.3389/
fchem.2014.00017.

17.	S. Solmaz, J.L. Dominguez Alfaro, P. Santos, P. Van 
Puyvelde, T. Van Gerven, A practical development 
of engineering simulation-assisted educational AR 
environments, Educ. Chem. Eng. 35, 2021, 81-93, 
https://doi.org/10.1016/j.ece.2021.01.007.

18.	A. Holzinger, S. Lettner, V. Steiner-Hofbauer, M. 
Capan Melser, How to assess? Perceptions and 
preferences of undergraduate medical students 
concerning traditional assessment methods, BMC 
Med. Educ. 20, 312, 2020, https://doi.org/10.1186/
s12909-020-02239-6.

19.	A. Fernández-Santander, M.J. García-García, B. 
Sáez-Pizarro, M.J. Terrón-López, Development and 
assessment of key skills in undergraduate students: 
an action-research experience, Higher Learning 
Research Communications, 2, 1, 2012, 32-49, http://
dx.doi.org/10.18870/hlrc.v2i1.37.

20.	M. Cooper, L.G. Bullard, D. Spencer, C. Willis, 
Direct and indirect assessment of student perspectives 
and performance in an online / distance education 



Journal of Chemical Technology and Metallurgy, 59, 2, 2024

486

chemical engineering bridging course sequence, 
Chemical Engineering Education, 54, 2, 2020, 59-
70, Available at: https://journals.flvc.org/cee/issue/
view/5546. 8/1/2023

21.	I.M. Scott, Beyond ‘driving’: The relationship 
between  assessment, performance and learning, Med. 
Educ. 54, 1, 2020, 54-59, https://doi.org/10.1111/
medu. v54.110.1111/medu.13935.

22.	P.C. Wankat, Pedagogical Training and Research 
in Engineering Education, Chem. Engr. Educ., 42, 
4, 203, 2008, https://journals.flvc.org/cee/article/
view/122366. 

23.	D.J. Nicol, D. Macfarlane-Dick, Formative 
assessment and self-regulated learning: A model and 
seven principles of good feedback practice, Studies 
in Higher Education, 31, 2, 2006, 199-218, https://
doi.org/10.1080/03075070600572090.

24.	R. Hernández, Supporting student learning through 
collaborative assessmenttasks. In: Boyle, C. (ed.), 
Student Learning: Improving Practice. ISBN: 978-
1-62618-938-6, Nova Science Publishers Inc., 2013, 
91-104. Available at: https://researchrepository.ucd.
ie/entities/publication/ba4200ed-74ad-47c8-89bf-
2bdeac5bc5e6/details. 26/1/2023

25.	W. Cheng, M. Warren, R. Tucker, L.W. Belbeck, 
S. Jiang, N. Nutiu, G. Hallam, C. Glanville, C. 
McNaught, P. Lam, D. Ong, L. Lau, R. Hernández, 
Designing multiple assessment methods. In: 
Frankland, S. (Ed.), Enhancing Teachingand Learning 
Through Assessment. Springer Netherlands, 2007, 
197-278, http://dx.doi.org/10.1007/978-1-4020-
6226-16.

26.	S. Traikova, S. Tsolova, How students understand 
the relation between forms of assessment and 
motivation, Science, Engineering & Education, 1, 
1, 2016, 167-172.

27.	A.L. Elias, D.G. Elliott, J.A.W. Elliott, Student 
perceptions and instructor experiences in 
implementing an online homework system in a 
large second-year engineering course, Educ. Chem. 
Eng. 21, 2017, 40-49, http://dx.doi.org/10.1016/J.
ECE.2017.07.005.

28.	Cambridge assessment International education. 
Active learning, 2019. Available at: https://www.
cambridgeinternational.org/Images/271174-active-
learning.pdf. 26/1/2023

29.	N. Cavus, M. Alhih, Learning management systems 
use in science education, Procedia -Social and 
Behavioral Sciences, 143, 2014, 517-520, https://
doi.org/10.1016/j.sbspro.2014.07.429.

30.	Education Endowment Foundation (EEF), 2019, 
Metacognition and self-regulated learning. EEF. 
Available at: https://educationendowmentfoundation.
org.uk/public/files/Publications/Metacognition/
EEF_Metacognition_and_selfregulated_learning.
pdf. 26/1/2023

31.	M. Mourshed, M. Krawitz, E. Dorn, How to improve 
student educational outcomes, McKinsey & Co, 
2017. Available at: https://www.mckinsey.com/~/
media/mckinsey/industries/public%20and%20
social%20sector/our%20insights/how%20to%20
improve%20student%20educational%20outcomes/
how-to-improve-student-educational-outcomes-
new-insights-from-data-analytics.pdf. 26/1/2023


