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Abstract 
Traditional monolithic approaches to evaluation and assessment in STEM Education have been 
extensively used in higher education institutions. There is a great debate worldwide and numerous 
studies for the need to move away from typical assessment tasks to more flexible, transparent and 
participatory methods for evaluation and assessment. Such methods should involve criteria and 
strategies of active student engagement including an effective feedback process with self-evaluating 
capacities. In this study, we summarize from a critical literature review the main aspects for this new 
emerging era of assessment and evaluation. We present a thorough discussion of pros and cons of all 
these approaches and we also comment on the practical difficulties and limitations. The main 
contribution of this research is a taxonomy of integrative qualitative factors, mainly assessment 
components that should be integrated in the evaluation procedure in higher education STEM courses. 
One additional contribution is the discussion of a qualitative research survey run with the participation 
of academics from universities worldwide in regard to educational objectives and the need to revise 
this typical approach to evaluation with more elements and more dimensions. 
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1 INTRODUCTION  
The traditional approaches to student evaluation and assessment in Science, Technology, 
Engineering and Mathematics known as STEM Education in Higher Education (HE) institutions have 
been questioned by a good number of educators, administrators, politicians, researchers and students 
themselves. A common understanding is that school curriculum assessment is determined by politics 
to a large extent in addition to evidence-based arguments and input from educational research.There 
is certainly a great debate worldwide and numerous studies for the need to move away from typical 
assessment tasks to more flexible, transparent and participatory methods for student evaluation and 
assessment in addition to involving students in project assessments which boost motivation, improves 
meta-cognition, and promotes self-directed learning ([1], [2], [3], [4], [5]). As a result of this debate and 
discussion, there seems to also merge a common line of thought that such methods should involve 
criteria and strategies of more active student engagement including an effective feedback process with 
self-evaluating capacities ([6], [7], [8], [9]).  

In this study, we summarize from a critical literature review, the main aspects for this new emerging 
era of assessment and evaluation as an additional contribution from our part of what we believe 
informs well the vision for reform which may require more than 20 years to occur. This type of reform 
and implementation will require teacher training and change of mentality and attitudes together with 
willingness to explore innovative ways of student evaluation and assessment. The focus of 
assessment may not have to be on grades and marks but rather a refocus on learners’ interests and 
needs in ways that are more authentic, meaningful, self-reflective and interesting in addition to 
improving the quality of learning and teaching all together. The term “authentic assessment” is used to 
describe assessment that evaluates content knowledge as well as additional skills like creativity, 
collaboration, problem-solving, and innovation [7]. In this paper, we present a thorough, discussion of 
pros and cons of all these approaches and we also comment on the practical difficulties and 
limitations. The main contribution of this research is the discussion of a qualitative research survey run 
with the participation of academics from universities worldwide in regard to educational objectives and 
the need to revise this typical approach to evaluation with more elements and more dimensions. One 
additional important contribution is a taxonomy of integrative qualitative factors, mainly assessment 
components that should be integrated in the evaluation procedure in Higher Education STEM courses. 
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2 METHODOLOGY 
This paper is part of a larger research project based on qualitative research methods, using on-line 
questionnaires with open-ended questions which focused on instructors’ experiences and perceptions 
of Active Learning Strategies together with Student Evaluation and Assessment in Higher Education 
with focus on STEM disciplines. The first results of our effort to identify active learning strategies used 
in STEM courses in Greece were presented in the 6th Future of Education Conference-Florence Italy, 
2016, (10], [11], [12], [13]). This effort was further enriched with an in-depth case study [14]. Our 
research team then proceeded with a cross-national comparison between Latvia and Greece where 
thirty academics and researchers in Greece and Latvia responded [15]. The main contribution of the 
present paper is a discussion of the qualitative research survey run with the participation of academics 
from universities worldwide in regard to educational objectives and the need to revise this typical 
approach to evaluation with more elements and more dimensions. Furthermore, this paper seeks to 
inform a strategy focusing on issues related to student evaluation and assessment: it offers a thorough 
literature review of pros and cons of various approaches to assessment but also proposes a 
multidimensional model of student active engagement and presents various integrative qualitative 
factors that can serve as a proposed vision for the next decades. 

 
Figure 1. Phases of the research project on active learning strategies and assessment in higher education. 

3 RESULTS 

3.1 On-line questionnaire on active learning strategies and assessment 
The results of our on-line questionnaires with open-ended questions which focused on instructors’ 
experiences and perceptions of Active Learning Strategies together with Student Evaluation and 
Assessment in Higher Education are summarized in the following 5 tables. The responses of 28 
academics to Q1. Do you believe that the existing assessment strategy of the course supports or 
inhibits an active learning approach and why? show that already a good number of instructors (16 out 
of 28) share the opinion that their existing strategy supports active earning approaches, 4 out of 28 
feel that their existing strategy inhibits active learning and 8 out 28 feel uncertain (see table 1 for their 
specific responses). 
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Table 1.  Assessment strategies. 

Q1. Do you believe that the existing assessment strategy of the course supports or inhibits 
an active learning approach and why? 
Class activities are assessed 

Active engagement and participation are also significant 

Varied summative assessment 

Group/pair assessment linked to real tasks 

Using feedback to instructional adjustments for specific individual student needs as well as class 
needs 

Portfolio based assessment provides an integrated approach to assessment 

Exams are usually considered as a non-active learning approach assessment 

Not easy to have all students engaged in groups, thus some students are less actively engaged, 
which may not be reflected in the final group project 

Solid research and theory based, critical and creative projects and papers are generally specking 
more effective assessment methods for an active learning approach  

 

As a general conclusion, assessments that seem to support active learning are those that test higher 
level critical thinking skills. Critical and creative projects, essays, group projects, oral presentations, 
lab work and reports as well as portfolios of student work seem to be more effective at promoting 
active learning, as students have to be actively involved in the learning process to succeed in them. 
Exams, on the other side, seem to be less efficient as they mainly test knowledge and understanding 
of course material. 

The responses to Q2. Which assessment methods in the course do you think support active learning? 
showed a preference for formative assessments, essay type questions, lab/field work, in-class tests, 
class collaboration and discussion see table 2. 

Table 2.  Assessment strategies that support active learning. 

  

According to the respondents, assessments that mostly support active learning are online discussion 
boards, different types of formative assessments -as they cause students to engage with course 
material throughout the semester-, group projects and presentations, essay questions (and not 
multiple choice questions), research projects, as well as assessments related to experiential learning, 
problem-based and game-based learning. 
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In table 3 in response to Q3. Would you suggest any changes to the existing assessment strategy of 
the course? one can see that 10 respondents had suggestions to make and those appear under 
‘SUGGESTIONS STATED’ emphasizing again similar actions and methods to be used in agreement 
with what was stated in Q2. 

Table 3.  Suggested changes in the assessment strategy. 

Q3. Would you suggest any changes to the existing assessment strategy of the course? (28 responses) 
YES NO NOT CERTAIN SUGGESTIONS STATED 
10 10 6 -Add formative assessments to further engage students in active learning 

-Use group projects 
-Use on-line summative assessed exams 
-Use summative assessed discussion board participation 
-Include a summative componenet of online quizzes or assignments 
-Evaluate class participation and reports 
-Assign more weight on essay questions in exams 
-Ensure that part of an assessment has both subjective and objective 
exam questions/tasks 
-Use IDEA as a standard practice for all courses 
-More outdoor lab activities 
-Use more group-based assessments 
-Use mobile phones in class to solve problems 

It seems that the use of more formative assessments, group projects, essay questions, experiential 
work as well as ICT tools in assessment could enhance the assessment strategy to support a more 
active learning approach in the courses examined. 

In table 4, in response to Q4. How did you assess the effectiveness of the active learning methods 
used in terms of achieving your pedagogical goals? One can see various ways the instructors tried to 
achieve their pedagogical goals as they assessed the effectiveness of their active learning methods. 

Table 4.  Evaluation of active learning methods in comparison with pedagogical goals. 

Q4. How did you assess the effectiveness of the active learning methods used in terms of achieving 
your pedagogical goals?(28 responses) 

Through formative assessements, reflection sessions and practical assignments, student self report, self 
assessment, peer assessment 

Student feedback, solicitng input on assessments from class as a group, rate of progress, staff-student liauson 
committee, survey, participation level to active learning activities,  

Moderate-Monitoring class/student’s behaviour 

Through relatng the product and process to the competence framework (CEFR) highly individualized approach 

Run a focus group a year after where very positive results were found 

Through the outcome of discussion and results of a lab case study, team work in field and lab activities 

By rewarding students with points for their answers which counted toward their participation grade- evaluation 
was based on thoughtfulness of response that helped the intructor determine the level of effectiveness 

Feedback with IDEA and exit interviews of speakers/projects/lecture topics 

Through student evaluation, routine module evaluations by studens and external examiners, periodic review of 
the programme 

By selecting appropriate assessment content, by commenting explicity on the requirements of the assessments 
and the learning outcomes and then jusdge the degree of each student’s performance but also the cohort’s 
collective 
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The participants of the survey applied different types of assessment to evaluate the effectiveness of 
the active learning methods used: formative assessments, performance in a particular exam or project 
as well as indirect methods such as online course evaluations, focus groups and discussions. 

3.2 Discussion and literature review on assessment methods 
Overall our literature review showed that the promotion of STEM education all around the world has 
become one of the most important priorities of educational systems and it aligns with the worldwide 
trend of equipping students for the rapid changes and challenges in society due to economic, scientific 
and technological developments. 

Students are expected to be lifelong learners, exhibiting high interest in the STEM disciplines and be 
able to integrate and apply knowledge and skills across disciplines and to solve authentic problems. 
This can be achieved by strengthening their creativity, collaboration and problem solving skills through 
STEM-related active learning activities ([2], [4], [7]).This can also be enhanced by ensuring 
appropriate teachers’ expertise in organizing and implementing STEM-related learning activities, 
enhanced further through sharing of knowledge with other colleagues, by adopting co-teaching 
practices, by promoting collaboration amongst the students but also teachers, and by supporting 
effective cross-team collaboration within campus schools colleges and with regional partners, the 
industry and society in general ([1], [2], [3], [4], [5], [6], [7], [8], [9]).  

These initiatives could not possibly be implemented if the traditional ways of assessment are not 
modified. “Assessments need to examine how well students engage in communicative practices 
appropriate to a domain of knowledge and skill, what they understand about those practices, and how 
well they use the tools appropriate to that domain” [7]. 

The blending of best traditional practices with innovative ones is also examined as a possibility in a 
good number of studies ([1], [2], [3], [4], [5], [6], [7], [8], [9]).  

So what are the main reasons that students ought to be evaluated and assessed? According to 
O’Farell, 2009, these are well worth reasons for performing student assessement and can be 
considered as traditional best practices [1] but new elements should be considered such as those 
mentioned later on ([16], [17], [18], [19]). 

• To determine that the intended learning outcomes of the course are being achieved  

• To provide feedback to students on their learning, enabling them to improve their performance  

• To motivate students to undertake appropriate work 

• To support and guide learning  

• To describe student attainment, informing decisions on progression and awards  

• To demonstrate that appropriate standards are being maintained  

• To evaluate the effectiveness of teaching 

A few revised models of technology-supported STEM education have been suggested and 
considerations for adopting new teaching and learning models are under discussion that focus on:  

Educational gaming, online laboratories,collaboration through technology, real-time formative 
assessments, re-examination of summative assessments, use of continuous assessments, skills-
based curriculum alignment with technology, good quality comprehensive and timely feedback, 
matching assessment with learning outcomes, assurance that the assessment method tests the stated 
learning outcomes ([1], [2], [3], [4], [5], [6], [7], [8], [9], [16], [17], [18], [19]). Moreover, emphasis is put 
on use of authentic, meaningful tasks as part of the assessments. For the core concepts of natural 
sciences for example, using multiple choice questions is not necessarily a bad choice for meeting core 
concept competencies as long as additional type of questions such as essays and problem solving 
ones are used as part of measures that are capable of capturing progressions in critical thinking, in 
reasoning, and in problem solving gain. 
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Figure 2. Collaboration initiatives toward best practices of student learning and assessment. 

It remains a fact, that students are generally most motivated by what contributes to their final grade. 
However, even though formative assessment will not contribute directly to a summative mark, it does 
play a vital role in helping students improve their grades. Because formative assessment is essential 
to learning, special care must be given to their design and to informing students about their benefits so 
their motivation increases if they clearly see the point of doing them. Timely feedback on student 
learning and progress makes a whole big difference to triggering their interest. In figure 2 we have put 
together elements of collaboration which are stressed in most of the studies we encountered.  

In figure 3 we have summarized the efforts needed for the designing, deploying, and reporting results 
for small and large-scale educational surveys and various types of assessments. Refining digitally-
delivered learning by using simulations, game-based assessments, or virtual reality systems but also 
automated scoring capabilities in student performance tasks that involve mathematics, text or speech 
is a priority. Ensuring quality control standards and validation of frameworks and approaches is also a 
very high priority. ([1], [2], [3], [4], [5], [6], [7], [8], [9], [16], [17], [18], [19]). 
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Figure 3. A multidimentional student assessment and engagement model. 

In figure 4, we have summarized the expected 21st century student attributes as they need to be well 
equipped with analytic skills, communication skills, critical awareness, show independed judgment 
demonstrate vocational skills and intuitive powers in solving problems and challenges of our future 
society. 

	  
Figure 4. 21st Century STEM student’s cognitive skills. 
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4 CONCLUSIONS 
Both the online questionnaire and the literature review on student evaluation and assessment 
methods in STEM disciplines point toward initiatives that highlight use of diverse teaching and learning 
methods and extensive collaboration. The first level of support should come from higher administration 
willing to expand cross-team collaboration within campus schools /colleges and with the community. In 
addition to encouraging faculty to seek professional development, they should be encouraged to 
reexamine curricula and should also help them produce grant writing and funding acquisition at a low 
cost for them and mimimize beaurocracy when implementing innovative ideas. The administration 
should also take some financial risks when developing partnerships, but also create value systems 
that will allow academic advancements. Students should be introduced to a culture of engagement 
and responsibility modeled and developed among faculty, students, business world, and 
administrators ([1], [2], [3], [4], [5], [6], [7], [8], [9], [16], [17], [18], [19]). 

Our review suggests that significant improvements in pedagogy and student engagement must shift 
the emphasis to “formative assessment‟, preferably real time formative assessment in the classroom 
itself, and away from the traditional graded, exam-based “summative assessment‟. This is required in 
particular for higher level learning outcomes such as deep conceptual understanding and problem 
solving strategies, but is also a key to encouraging learners to take control of and “regulate‟ their own 
learning and be creative. It can also allow the curriculum and teaching to develop around the learners’ 
own interests, as it is the aim of “science in society”, “real problem solving in mathematics”, and 
“projects” in technology and across STEM. Howes also points that re-engaged, arts-led, or social 
science-led projects involving STEM might be the way, such as those promoted by STE(A)M and 
other integrated or interdisciplinary projects [8].  

Interactive and reactive educational gaming such as video games, simulations or virtual reality 
systems enable a wide range of experimentation and learning by doing. The potential of technology-
supported innovation in many STEM disciplines such as educational gaming, online laboratories, 
virtual reality activities, technology-supported collaboration, real-time formative assessment, online 
tests, and skills-based assessment can improve STEM education in many different ways and can 
accommodate different cultural contexts. Online laboratories especialy those designed with virtual 
reality systems for example, can greatly help students‘ understanding, achievement and gain of 
practical experience often at a much lower cost in comparison to doing physical hands-on 
experiments.Technology can also help diminish the distance that exists between countries and 
cultures and offers opportunities for collaboration beyond typical classroom hours. Student exposure 
to small projects, and independent self-study, or gaining professional experience through internships, 
practicums and fellowships at companies, in addition to being exposed to hands-on experience 
through funded research projects largely dependent on structures of the institutions but partly also 
under the control of students can make the learning experience a significant part of one’s life([1], [2], 
[3], [4], [5], [6], [7], [8], [9], [16], [17], [18], [19]).  

There seems to be no doubt that innovative initiatives of student evaluation and assessment are 
already in place such as the VALUE Rubric Development Project, AAC&U’s Liberal Education and 
America’s Promise (LEAP) initiative [5], plus a good number of worldwide efforts and studies that point 
to a different way of assessing student performance and higher order skill gain which will prepare and 
empower tomorrow’s STEM graduates to lead satisfactory lives in a better value-based and 
sustainable world from the one we live today.  
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