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research, a pre-test/post-test method was used to assess learning outcomes and anony-
mous survey to evaluate students’ attitudes toward their active engagement. To obtain 
the qualitative data, five open-ended questions, for each group (experimental and control 
group) were included in the survey. The conclusions indicate that the use of web-based 
CRS and class discussion respectively increase learning outcomes, facilitate learning pro-
gramming and positively affect students attitude toward programming course. However, 
the group which used web-based CRS had better learning outcomes than the group which 
had a class discussion, and also the students’ attitude toward web-based CRS is more 
affirmative compared to class discussion.
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1. Introduction

Teaching programming has been facing numerous dilemmas since it was 
introduced to high schools. From deciding which programming language and 
which platform is optimal for learning, as well as what is the quantity of infor-
mation that the students can acquire to enable them to solve practical problems 
through the forms of programming languages.1,2 In previous research on pedagog-
ical practices in programming education, researchers find that the traditional way 
of teaching is no longer essential to students learning (in programming courses) 
and suggest the implementation of a teaching approach that involves delivering 
theoretical and practical content together in the lecture environment.3,4 

The rapid growth of information and communication technologies (ICT) has 
influenced every aspect of our life. Contemporary ICT components like Smart-
phone, broadband Internet, and Wi-Fi networks have changed the way we seek 
information and learn. In order to keep up with the progress, schools have begun 
to invest in new technologies. Nowadays, ICT equipment, such as various types 
of computers, projectors, smart board etc., represents an essential part of a 21st-
century classroom5. The integration of new technologies in the classrooms opens 
new possibilities for the teaching and learning process6 and provides educational 
institutions an opportunity to increase student enthusiasm and enhance learning 
outcomes7. Technologies such as classroom response system (CRS) are getting 
more popular among teachers due to their effects on student learning perfor-
mance. The traditional way of questioning in class allows only a limited num-
ber of students to answer a question keeping in that way interactivity between 
1	 Saeli, M., Perrenet, J., Jchems, W., Zwaneveld, B. (2011): „Teaching Programming in 

Secondary School: A Pedagogical Content Knowledge Perspective“, Informatics in 
Education, 10(1), 73–88. 

2	 Veljović, A. (2010): Programiranje za menadžere, Fakultet za inženjerski menadžment, 
Beograd

3	 Matthíasdóttir, Á. (2006): „How to teach programming languages to novice students? 
Lecturing or not”, paper presented to International Conference on Computer Systems and 
Technologies- Comp Sys Tech, vol. 6, pp. 15-16.

4	 Sheard, J, Chinn, D, Carbone, A & Laakso, M.J. (2013): „Study Habits of CS 1 Students: 
What do they say they do?” In Learning and Teaching in Computing and Engineering 
(LaTiCE), IEEE, pp. 122-129

5	 Luu, K., & Freeman, J. G. (2011): „An analysis of the relationship between information 
and communication technology (ICT) and scientific literacy in Canada and Australia“, 
Computers and Education, 56(4), 1072-1082.

6	 Awedh M., Mueen A., Zafar B., Manzoor U. (2014): „Using Socrative and Smartphones for 
the support of collaborative learning”, International Journal on Integrating Technology in 
Education (IJITE), 3(4), 17-24.

7	 Roblyer, M. D., & Wiencke, W. R. (2003): „Design and use of a rubric to assess and encour-
age interactive qualities in distance courses“, American Journal of Distance Education, 
17(2), 77–98.
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teachers and students at low-level. In that case, all those shy and less motivated 
students stay inactive. Therefore, teachers do not have a proper feedback during 
the lecture. A CRS is an instructional technology that opens up opportunities for 
all students to be involved in the activity in class and learning process through 
digital dialogue.

In the previous studies, CRS was compared only with traditional lectur-
ing method regarding learning outcomes and students’ attitudes towards their 
usage. For this reason, the primary objective of this research was to compare 
learning outcomes resulting from the use of two active learning methods: web-
based CRS and class discussion and to examine students̀  attitudes towards their 
active engagement during programming lectures. For testing the significance of 
the obtained results, the t-test was used.

2. Background and Literature Review

“I hear, and I forget. I see, and I remember. I do, and I understand. 
(Asian proverb)”

According to Keyser8, every teaching method that makes students actively 
involved represents the process of active learning. These techniques put the 
learner in the center of the learning process in such a way that he is no longer 
in a passive receiving position but an active factor of the learning activity who 
directs his own learning in the learning process. The main role of the teacher 
in a process of active learning is to facilitate learning and to be in the position 
of learner along with his student9. There are many active learning techniques, 
such as cooperative learning, problem-solving exercises, class discussions, case-
study methods, computer-aided instructions, etc. The techniques that will be 
used depending on the level, objectives, and subject of the course10.

Class discussion is one approach to active learning. By implementing class 
discussion the teacher is able to listen to students’ responses; ask students to 
elaborate on their thinking by providing explanations, evidence, or clarifica-
tions; suggest additional probing questions like: “What makes you think that? 
Or Please, give an example from your experience”, etc.; invite others to react and 
respond to ideas by providing alternative viewpoints, agreements or disagree-
ments. The students involved in class discussion gain knowledge in a meaning-

8	 Keyser, M. W. (2000): „Active learning and cooperative learning: understanding the dif-
ference and using both styles effectively“, Research Strategies, 17, 35–44.

9	 Dilmac, O. (2016): „The effect of active learning techniques on class teacher candidates’ 
success rates and attitudes toward their museum theory and application unit in their 
visual arts course“, Educational Sciences: Theory & Practice, 16, 1587–1618

10	 Ibid
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ful manner. A dialogue with a classmate is a useful way to motivate students to 
learn, participate and exchange ideas with instructors and classmates11

Another active learning technique with growing popularity among teachers in 
colleges and universities are classroom response systems (CRS) or “clickers”. Accord-
ing to previous research on this topics, CRS has several benefits over traditional 
teaching. It can improve interactivity in the classroom12, support collaborative learn-
ing13, enhance student learning14, and promote the acquisition of advanced reasoning 
skill15, help students to better understand the lecture16, increase student engagement 
and classroom interaction17, assess student learning efficiency on an ongoing basis, 
facilitate peer learning and help students recognize gaps in their own learning18. 

The rapid growth of ICT influence the replacement of electronic devices i.e. 
clickers with smartphones and other personal mobile devices and promote the 
use of web-based CRS. Integration of mobile devices in the class could lead to 
enhancement of individual and group learning outcomes19 and can enhance stu-
dents learning experience when using mobile devices for educational purpose20

Knowledge and skills in programming are one of the in-demand professions 
in the 21st-century global economy. That is why so many young adults recognize 
programming as a promising profession. Learning to program is difficult and 
11	 Liu, T., Liang, J., Wang, H., Chan, T. &Wei, L. (2003): „Embedding educlick in the class-

room to enhance interaction”, in Proc. Int. Conf. Computers in Education (ICCE). Hong 
Kong, China, (pp.117–125).

12	 Siau, K., Sheng, H. & Fui-Hoon Nah, F. (2006): „Use of a Classroom Response System to 
Enhance Classroom Interactivity”, IEEE Transactions on Education, 49(3), 398-403

13	 Awedh M., Mueen A., Zafar B., Manzoor U. (2014): „Using Socrative and Smartphones for 
the support of collaborative learning”, International Journal on Integrating Technology in 
Education (IJITE), 3(4), 17-24

14	 Giacalone, D. (2016): „Enhancing student learning with case-based teaching and audience 
response systems in an interdisciplinary Food Science course“, Higher Learning Research 
Communications, 6(3)

15	 DeBourgh A. G. (2008): „Use of classroom ‘‘clickers’’ to promote the acquisition of 
advanced reasoning skills“, Nurse Education in Practice, 8(2), 76–87

16	 Mula, J. M., & Kavanagh, M. (2009): „Click go the students, click-click-click: The efficacy 
of a student response system for engaging students to improve feedback and performance”, 
E-Journal of Business Education & Scholarship of Teaching, 3(1), 1–17

17	 Martyn M. (2007): „ Clickers in the Classroom: An Active Learning Approach”, Educause 
Quarterly, 30(2), 71-85

18	 Ibid
19	 Coca, D. M., & Slisko, J. (2013): „Software Socrative and Smartphones as Tools For 

Implementation of Basic Processes of Active Physics Learning in Classroom: An Initial 
Feasibility Study With Prospective Teachers“, European Journal of Physics Education, 4(2), 
17-24

20	 Wafaa, A. Hamilton, M. &Harland. J. (2012): „Mobile devices in computer programming 
lectures: Are CS lecturers prepared for mobile learning? “, Computer Science & Education 
(ICCSE), 2012 7th International Conference on IEEE
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programming courses often have the highest dropout rate21. In some cases, the 
difficulty with learning programming comes from the inability of the teachers to 
teach these skills to the learners using only abstract concepts. 22 

Basically, there are two main approaches to teaching programming. One 
approach is oriented towards problem-solving, considering programming to be 
an application of skills in problem-solving. Another approach is to base learning 
of programming in the context of code and system development23. There is no 
single answer which approach is better because different learners have differ-
ent learning styles and needs24 . According to Shulman25: “There are no single 
most powerful forms of representation, the teacher must have at hand a veritable 
armamentarium of alternative forms of representation, some of which derive 
from research whereas others originate in the wisdom of practice”.

Many research was done in this field in the past couple of decades, but 
there is still no consensus on what is the most effective way to teach program-
ming. Most of the schools are using traditional way to teach programming which 
consists of lectures, take-home assignments and perhaps demo sessions where 
model solutions to the exercises are shown26. A review of the literature concern-
ing courses in programming shows that among traditional methods of delivery 
of instruction, the lecture is more dominant in use compared to other forms of 
instruction. In the traditional way of teaching programming, learners are passive 
listeners. To overcome this problem educational institutions combine lectures 
and laboratory exercise in order to build learners skill-based knowledge. How-
ever, there are limitations of lecture-type instruction that have been reported in 
several studies. These limitations include challenges in students’ motivation, 
knowledge assimilation, difficulties in sustaining attention and concentration of 
learners, and adaptability of instruction. Laurillard27 states that learners should 
21	 Robins, A., Ronutree, J., Rountree, N. (2003): „Learning and Teaching Programming–A 

Review and Discussion“, Computer Science Education, 13(2), 137-172
22	 Rodrigo, J.S.M., Baker, R. & Tabanao, E. (2009): „Monitoring novice programmer 

affect and behaviors to identify learning bottlenecks”, in Philippine Computing Society 
Congress, Dumaguete City, Philippines, vol. 17, 1-7

23	 Pears, A., Seidman, S., Malmi, L., Mannila, L., Adams, E., Bennedsen, J., & Paterson, 
J. (2007): „A survey of literature on the teaching of introductory programming”, ACM 
SIGCSE Bulletin, 39(4), 204-223

24	 Saeli, M., Perrenet, J., Jchems, W., Zwaneveld, B. (2011): „Teaching Programming in 
Secondary School: A Pedagogical Content Knowledge Perspective“, Informatics in 
Education, 10(1), 73–88.

25	 Shulman, L.S. (1986): „Those who understand: knowledge growth in teaching“, Educational 
Researcher, 15(2), 4–14

26	 Bruhn R. E. &Burton P. J. (2003): „An approach to teaching Java using computers”, 
SIGCSE Bull,35(4), 94–99

27	 Laurillard, D. (2008): „The teacher as action researcher: using technology to capture peda-
gogic form”, Studies in Higher Education, 33(2), 139-154
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be given the opportunity to articulate their understanding and to construct the 
knowledge based on how the learner sees and understands the concept. In order 
to improve the classic lecture, interactivity between participants is a must. 

Teaching techniques affect the teaching28. Incorporating new technology in 
process of teaching programming can increase teacher efficiency in the class-
room and open up qualitatively different modes of classroom interaction29. Many 
types of research have been done in order to show the positive effect of using 
technologies in the teaching process and encouraging students to actively par-
ticipate in process of learning30. One of the most frequently used technologies is 
computer-based presentations. However, they have several limitations and one of 
the major is that its use could easily turn learning process into teacher-centered 
instead of student-centered. To overcome this problem many researchers sug-
gested using additional technologies i.e. Computer Presenter31, Smartboard or 
interactive whiteboard32 33 34 and CRS or Clickers35 36

28	 Anderson, R., Anderson, R., Simon, B., Wolfman, S. A., VanDeGrift, T., &Yasuhara, K. 
(2004): “Experiences with a tablet PC based lecture presentation system in computer sci-
ence courses”, ACM SIGCSE Bulletin, 36(1), 56-60

29	 Ratto, M., Shapiro, R. B., Truong, T. M., & Griswold, W. G. (2003): „The Active Class 
project: Experiments in encouraging classroom participation”, In Designing for Change 
in Networked Learning Environments (pp. 477-486). Springer Netherlands

30	 Awedh M., Mueen A., Zafar B., Manzoor U. (2014): „Using Socrative and Smartphones for 
the support of collaborative learning”, International Journal on Integrating Technology in 
Education (IJITE), 3(4), 17-24.

31	 Anderson, R., Anderson, R., Simon, B., Wolfman, S. A., VanDeGrift, T., &Yasuhara, K. 
(2004): “Experiences with a tablet PC based lecture presentation system in computer sci-
ence courses”, ACM SIGCSE Bulletin, 36(1), 56-60.

32	 Altun, M. A. (2016): „The Influence of Using Interactive Whiteboard on Learner 
Achievement in the Language Classroom: A Case Study”, Journal of Humanity Sciences, 
20(4), 231-237

33	 Cabus, J. S., Haelermans, C., &Franken, S. (2015): „SMART in Mathematics? Exploring the 
effects of in‐class‐level differentiation using SMART board on math proficiency”, British 
Journal of Educational Technology

34	 Shepley, C., Lane, D. J. & Gast, L. D. (2016): „Using SMART Board Technology to Teach 
Young Students with Disabilities and Limited Group Learning Experience to Read 
Environmental Text”, Education and Training in Autism and Developmental Disabilities, 
51(4), 404-420.

35	 Blasco-Arcas, L., Buil, I., Hernández-Ortega, B., & Sese, F. J. (2013): „Using clickers in 
class. The role of interactivity, active collaborative learning, and engagement in learning 
performance”, Computers & Education, 62, 102-110

36	 Green, A. J., Chang, W., Tanford, S., & Moll, L. (2015): „Student perceptions towards 
using clickers and lecture software applications in hospitality lecture courses”, Journal of 
Teaching in Travel & Tourism, 15(1), 29-47.
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3. Research problem

The main purpose of introductory programming course in high schools is to 
provide learners with basic knowledge of programming terminology and under-
standing of its usage in coding a program. Furthermore, such course includes 
an understanding of algorithms, data, programming codes and static concepts. 
For the beginners (learners with little or no previous knowledge), some concepts 
may be difficult to understand. Instead of continually applying the learned con-
cepts in practical exercises, many beginners only do the actual practical tasks 
when the first formal assessment is required. In such situation the finer details of 
the concepts could be forgotten, resulting in their inability to successfully com-
plete the assignment. Bed results could then lead to disappointment and disaf-
fection with the course.

However, the lecture is still the main method of delivering theories and new 
concepts in programming courses mostly because of efficient use of resources, 
fewer costs and access to the largest number of students. Many studies have criti-
cized the traditional lecture format as it lacks interactivity, does not fully encour-
age active learning and does not take into account individual needs37 38. Other 
major problems include poor attendance and students’ perception of lectures as 
boring, irrelevant and time-consuming39.

Active learning approach takes into consideration the ability of the learners 
to acquire their knowledge through interaction. Furthermore, these techniques 
include exploring personal attitudes and values, engaging the student in critical 
thinking, and encouraging student participation through giving and providing 
feedback 40. These strategies also encourage students to reflect on their experi-
ences. Researchers have found active strategies to be more effective for retention 
of knowledge and student engagement41.

The question, “Do the active learning techniques used during the program-
ming lectures affect students’ success and attitudes towards the course?” consti-
tutes the problem addressed in this study, with its sub-problems listed as follows:

(i)	� Is there a difference with respect to students success between the experi-
mental and control groups’ regarding the use of active learning tech-
niques?

37	 Matheson, C. (2008): „The educational value and effectiveness of lectures”, The Clinical 
Teacher, 5(4), 218-221. 

38	 McGarr, O. (2009): „A review of podcasting in higher education: Its influence on the tra-
ditional lecture”, Australasian Journal of Educational Technology, 25(3), 309-321

39	 Ibid
40	 Eison, J. (2010): „Using Active Learning Instructional Strategies to Create Excitement 

and Enhance Learning”, Jurnal Pendidikantentang Strategi Pembelajaran Aktif (Active 
Learning) Books, 2

41	 Krain, M. (2010): „The effects of different types of case learning on student engagement“, 
International Studies Perspectives, 11(3), 291-308
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(ii)	� Is there a difference in experimental and control group attitudes toward 
their active engagement in programming lectures?

(iii)	�What are the opinions of an experimental and control group of students 
following the intervention process (i.e. implementation of adequate 
active learning method)?

4. Method

4.1. Design

A mixed method was used in this study to assess the use of active learning tech-
niques during the class of programming. A mixed method design is an approach 
that combines both quantitative and qualitative research methods to understand a 
research problem. Its use provides comparative results and increases the validity of 
the study42. For the purpose of quantitative research, a pretest-posttest method was 
used to assess learning outcomes and anonymous survey to evaluate students’ atti-
tude towards their active engagement in programming lectures and overall satisfac-
tion with the course. To obtain the qualitative data, five open-ended questions, for 
each group (experimental and control group) were included in the anonymous sur-
vey. Before data collecting, both the experimental and control groups were formed. 
Students and instructor in experimental group used free web-based CRS - Socra-
tive, while the control group used class discussion as an active learning technique. 
Teaching materials were prepared in advance according to each active learning 
approach. The learning objectives and task were communicated to both groups, the 
experimental group (EG) and the control group (CG). In the experimental group, 
the teacher prepared mini quizzes using web-based CRS that was used 15 minutes 
after the lecture started. In control group teacher used the same set of questions 
upon which he initiated class discussion. During the research phase, comparisons 
were made between the data obtained from the experimental and control groups, 
before and after the implementation in order to assess learning outcomes. 

The research was designed during the winter term of the 2015-2016 academic 
year. During that phase all necessarily measurement tools and parameters of 
research were determined. Data collection was performed at “Nikola Tesla” voca-
tional school from Nis, Serbia, during the spring term of the 2015-2016 academic 
year and it lasted for two weeks. The students were informed of the intervention 
at the start of the spring term, but without revealing the purpose of the study. The 
sample includes students from two classes of the third grade enrolled to the pro-
gramming in C# course. The students from one class were indicated as the experi-
mental group (n=26), and the students from the second class (n=24) were indicated 
42	 Patton, Q. M. (2015): Qualitative evaluation and research methods (4th Ed.). London, UK: 

Sage
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as a control group. Since an experimental design was conducted in the current 
study, no universe and sample group was created. Both classes were taught in the 
same semester, used the same textbooks, additional learning materials and had the 
same teacher. Learning outcomes were measured by taking the score on a test that 
was performed immediately after the lectures.

Both classes met once per a week for 90 minutes for the course lecture and ques-
tion sessions. Each student in EG group has a smartphone with Android operating 
system. Web-based CRS - Socrative (www.socrative.com) was used to collect stu-
dents’ responses (Matthew, 2012). Socrative is free software which only requires an 
internet connection and smartphones, and no additional equipment and expenses 
like clickers. Before the lecture, each student installed Socrative Student applica-
tion from Google Play, on their smartphones. Students in both classes attended the 
same lessons. During the first week, the topic of lectures was: “Defining and Appli-
cation of Statistic Functions in C#”. During the second week, the topic of lectures 
was: “Returning Parameters to the Main Program and Functions Side Effects”. In 
each class, the teacher gives a lecture on selected topic and after the 15 minutes, he 
poses 10 questions related to the topic. Students in EG group uses Smartphone to 
give an answer to each question. Then teacher downloads all students̀  answers and 
reviews them. After that, he forms several groups of students whose answers were 
different and let them discuss their answers in the group for approximately 15 min-
utes. After that, the students answer individually the same questions again using 
web-based CRS but this time they had a chance to change their minds because they 
have listened to the arguments in the groups. After finishing the test the teacher 
collect their answers as posttest results. Finally, the teacher provides answers to 
the questions and resolves the doubts if they still exist. At the end of the lecture, 
students took a final test.

In CG group after the 15 minutes of the lecture the teacher gave the students a 
pre-test and asked them to write down the answers. After that, the teacher collected 
the pretest and initialized class discussion based on students answers. In CG group 
during the class discussion teacher listened to students responses, asking them to 
elaborate on their thinking by providing additional explanations, and trying to 
include as many students as possible in the dialogue by addressing additional prob-
ing questions to less active students. After that, he gave them the same test. As in 
EG, students in CG also had a chance to change their answers. After finishing the 
test the teacher collected their answers as posttest results and provided answers to 
the questions and resolved the doubts if they still existed.

4.2. Data collecting and Processing

Data collection process lasted for two weeks. In this study, two data collec-
tion methods were used to collect the quantitative data. The pre-test/post-test 
method was used to evaluate the effect of implemented active learning tech-
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niques on students learning outcomes, and the anonymous survey was used to 
evaluate students’ attitudes toward active learning techniques that have been 
used during the class of programming. In the survey, five open-ended questions, 
for each group (EG and CG) was included to collect qualitative data. The ques-
tions were: Considering the last 2 weeks: (i) what frequency would you recom-
mend the professor to use the web-based CRS (for EG) i.e. class discussion (for 
CG) (always, more than now, with the same frequency, sometimes, but less than 
now, never. Explain)? (ii) Have you felt more involved in this lectures by using 
web-based CRS (for EG) / class discussion (for CG)? (iii) Do you participate in 
collaboration with peer/class discussion? (iv) Which were the obstacles that you 
had using web-based CRS/ during class discussion? (v) Overall, please rate your 
experience of this course compared to the previous way of teaching? 

The same test was used for pretest and posttest. It consisted of various types 
of questions ranging from multiple choice questions, true/false to short answers. 
An example of these questions is shown in figure 2. To measure overall test 
reliability a Kuder-Richardson formula (KR-20) was used. For final test KR-20 
value was 0.78, its average level of difficulty was found to be 0.41, and its average 
distinctiveness was found to be 0.38.

In order to evaluate students’ attitudes toward active learning techniques 
that have been used during the class of programming, a survey was created. A 
survey used five Likert-type questions (five-point scale) and five open-ended 
questions for qualitative research.

5. Findings

To evaluate the effect of using the selected active learning technique on 
learning outcomes in the classroom, learning outcomes were assessed, before and 
after the implementation of the active learning technique. Pretest scores from 
both groups were subjected to statistical analysis to ensure that both groups are 
comparable in their pre-class knowledge. The unpaired t-test was used to com-
pare pre-test scores. The overall pretest score averages at the end of the second 
week, for the experimental group (who were using web-based CRS) and control 
group (who were using class discussion), are presented in Table 1. No statistical 
difference was found (p = 0.73).

Table 1 - Pretest success scores

Groups Number of questions n x̄ Std t p
Experimental 10 26 52,342 2,97 0,32 0,73
Control 10 24 51,647 2,65

*p>0,05
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Results shown in Table 1 indicate that pretest score averages of both the 
experimental and control groups are close to each other, and there is no signifi-
cant difference between the two groups’ pretest scores (p>0,05). So, both groups 
are equal with respect to pretest scores.

At the end of each lecture, both groups had a final test. The unpaired t-test 
was used to compare overall posttest scores at the end of the second week. The 
posttest score averages of the experimental group and of the control group are 
presented in Table 2. 

Table 2  - Posttest success scores

Groups Number of questions n x̄ Std t p
Experimental 10 26 78,297 5,67 3,537 0,002
Control 10 24 62,278 5,05

Table 3  - Students attitude scores towards used active learning technique

Questions
Strongly 
agree (1) 

Agree
(2)

Neutral
(3)

Disagree 
(4)

Strongly 
disagree (5)

EG CG EG CG EG CG EG CG EG CG
These technique 
helped me to 
transform myself from 
passive to the active 
class participant

24% 3% 67% 51% 2% 22% 4% 20% 3% 4%

These technique 
helped me to 
be aware of my 
knowledge level

15% 14% 79% 62% 4% 12% 2% 7% 0% 5%

These technique 
stimulated 
communication with 
my classmate

15% 9% 76% 48% 8% 21% 1% 12% 0% 10%

These technique 
allowed me a better 
understanding of 
lecture

15% 2% 59% 52% 18% 23% 5% 14% 3% 9%

These technique 
facilitate learning of 
programming

10% 7% 68% 47% 12% 26% 7% 15% 3% 5%

The great percentage of students from EG group agreed that web-based 
CRS helped them to become active class participants (91%), be aware of the level 
of their knowledge (94%) and allowed them a better understanding of lecture 
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(74%). This technique also stimulated communication with a classmate (91%) 
and facilitated learning of programming (78%).

Comparing to EG, 54% of students in CG agreed that class discussion helped 
them to become active class participants, 76% became aware of the level of their 
knowledge, 54% think that class discussion allowed them to better understand 
the lecture; 58% of students in CG think that class discussion stimulated com-
munication with a classmate while 54% of students think that class discussion 
facilitated learning of programming.

For qualitative research, five open-ended questions were included in the sur-
vey. Student opinion regarding the first question: “What frequency would you 
recommend the professor to use the web-based CRS (for EG) i.e. class discussion 
(for CG) (always, more than now, with the same frequency, sometimes, but less 
than now, never. Explain)?” To assess the overall attitude towards the frequency 
of using proposed active learning technique, comments were read and each stu-
dent answer was categorized. The results are shown in Table 4.

Table 4 - Students opinions
Web-
based CRS

Explanation

always 19% It motivated me to attend class, it makes me free to answer, it 
was fun; it looks like a game;

more than now 46% Opinions of classmates help me to understand lecture and 
learn a new subject, its use engaged me during the lecture 
more than before, it is a good idea, I’ve become more active 
and had the courage to say something during talking to 
peers;

with the same 
frequency

27% It takes more time when working in a group.

sometimes, but 
less than now

8% give the teacher more times to explain the new subject

Class dis-
cussion

Explanation

always 4% It helped me to resolve my dilemmas.
more than now 25% The teacher saw our mistakes in the test and gave an addi-

tional explanation, I realized my mistakes without exposing 
myself.

with the same 
frequency

42% It let us argue, it helped me to learn better through dialogue, 
I learned a lot during the discussion.

sometimes, but 
less than now

29% I didn’t understand lecture so I couldn’t take part in the dis-
cussion, it is difficult to me to say out loud what I think, not 
enough time to take notes.
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As is shown in Figure 3, students have an affirmative opinion toward active 
learning techniques since none of them, in both groups, didǹ t write down the 
answer: never. Students in EG recommended the greater frequency of use than 
the students in CG. From these answers, it can be concluded that positive effect 
upon using active learning technique occurred when students communicated 
actively to help one another to understand, get immediate feedback from the 
teacher, and be able to answer the question anonymously.

6. Discussion

According to the findings, when each active learning technique was intro-
duced, the programming course became more attractive to students. Students 
learning outcomes were increased in both groups, but the greater increase is evi-
dent in the experimental group, where students used web-based CRS than in 
control group, where students used class discussion. 

As for students’ attitudes towards the active learning technique used, there is 
a significant difference in students’ attitudes in experimental and control group. 
Students that used web-based CRS found themselves more actively involved, 
more aware of their knowledge and better understood the lecture than the stu-
dents that used class discussion. Furthermore, according to students’ opinion, 
web-based CRS engaged them in collaboration more than class discussion. 

Regarding the third sub-problem of the study, students have very affirmative 
opinions of using active learning technique in comparison with the traditional 
way of teaching. The written comments revealed that students in both groups 
agreed that active learning techniques increased their attention to the lecture, 
enhanced interaction during the learning process and provided students imme-
diate, real-time feedback. 

Students were also found to believe that collaboration with peers is impor-
tant because it can broaden their personal understanding and enable them to be 
more active. But there is a significant difference between these two active learn-
ing technique, web-based CRS and class discussion in the context of students’ 
active participation. Percentages of students in control group, actively involved 
in the class discussion are less than of those in the experimental group. This leads 
to the conclusion that class discussion didn’t manage to involve all students in 
the discussion and those shy, unsure of the correct answer or less motivated stu-
dents and students who take more time to compose an answer stayed resistant. 
On the other hand, CRS enables all students to give their answers to questions 
independently and anonymously. As a result, a student that otherwise wouldn’t 
be involved in learning becomes an active participant43. This is consistent with 
43	 Heaslip G., Donovan, P. &Cullen G. J. (2014): „Student response systems and learner 

engagement in large classes“, Active Learning in Higher Education, 15(1), 11–24.
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the findings of Coca and Slisko44, who found that web-based CRS and smart-
phones are feasible tools that can facilitate active learning in the classroom and 
increases the level of student participation. It can be concluded that students that 
used web-based CRS appreciated the ability to stay anonymous, not to expose 
themselves and not to be humiliated in case of giving a wrong answer. So it was 
easier for them to express their thoughts and generally to participate in the learn-
ing process. From this point of view, it is reasonable to conclude that web-based 
CRS generates students̀  more affirmative attitudes towards their active engage-
ment in programming lectures than class discussion. But, on the other hand, this 
students’ behavior is quite opposite to their behavior on social networks like 
Facebook, Twitter, etc., where they constantly share their attitudes, opinions, 
and thoughts. It seems that it is easier for them to share personal information 
than opinions about a learning subject in the classroom. There are opportuni-
ties here for further research into the reasons why students feel free to exchange 
their attitudes, opinions and thought in the social media sphere rather than in the 
classroom. 

Despite the desire to stay anonymous, students in an experimental group 
like working in a group. They tend to remember lectures that require interaction 
with peers45. Biggs and Tang46 confirmed that dialogue and argument are valu-
able learning opportunities. However, Herrmann47 suggests that working in a 
group may rather affect the students’ behavior without affecting their motive to 
learn. On the other hand, Coca and Slisko found that learning in a group affects 
not only students’ learning behaviors but also affects students’ motives to learn, 
which are essential to the quality of the students’ approaches to learning.

Compared to the class discussion, the web-based CRS increased student 
enjoyment during the lecture. Students’ find that technique amusing, funny, look-
ing like a game and its implementation during lectures motivated them to attend 
the class. According to Stowell and Nelson48, it might not be the experience of 
enjoyment (or any other emotion) that mediates the benefits of web-based CRS, 
but rather the enhanced cognitive processing (attention) associated with it.
44	 Coca, D. M., & Slisko, J. (2013): „Software Socrative and Smartphones as Tools For 

Implementation of Basic Processes of Active Physics Learning in Classroom: An Initial 
Feasibility Study With Prospective Teachers“, European Journal of Physics Education, 4(2), 
17-24

45	 Cavanagh, M. (2011): „Students’ experiences of active engagement through cooperative 
learning activities in lectures“, Active Learning in Higher Education, 12(1), 23–33

46	 Biggs, J. &Tang, C. (2011): Teaching for Quality Learning at University: What the Student 
Does, 4th edn. Maidenhead: The Society for Research into Higher Education. Open 
University Press

47	 Herrmann, J. K. (2013): „The impact of cooperative learning on student engagement: 
Results from an intervention“, Active Learning in Higher Education, 14(3), 175–187

48	 Stowell R. J. and Nelson M. J. (2007): „ Benefits of Electronic Audience Response Systems 
on Student Participation, Learning, and Emotion”, Teaching of Psychology, 34(4), 253-258
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The written comments also suggest that some students prefer the teacher to 
evoke the correct answer rather than be engaged in conversation and confront 
their own misconceptions with those of peers. It seems that for all those students 
pointing out to misunderstandings hardly made any sense. They expect more 
feedforward from a teacher in order to understand the complex topic in program-
ming. According to Dulamă and Ilovan49, students need their professor’s feed-
forward to improve their learning process and increase the quality of education.

Some limitations should be considered when interpreting the study’s results. 
One limitation here is the size of the classes in the sample. The sample size in 
this study was 50 students from two classes. There is a requirement to repeat this 
research in larger groups. A second limitation of the study is a short period of 
two weeks. Future work should explore attitudes of students who have used web-
based CRS and class discussion over a longer period of time (over, 1 or 2 years) to 
see whether these have changed over time. 

This study supports researchers cited earlier in this article, in suggesting that 
both web-based CRS and class discussion can be a very useful tool in delivering 
pedagogical outcomes, such as classroom engagement, involvement, participa-
tion, and enjoyment. From the students’ perspectives, web-based CRS has some 
added value since it enables students to stay anonymous so there is no humili-
ation in getting a question wrong. It is possible that more positive attitudes 
towards web-based CRS than to class discussion could lead not only to students’ 
greater involvement, but also to better learning outcomes for students, but this 
has not been firmly established by research. While this active learning technique 
is useful, some degree of caution is required, because teachers’ primary concern 
is to enhance the student’s development through effective learning.

7. Conclusion

With an increasing awareness that many students are passive during pro-
gramming teaching sessions, needs for teaching methods that allow students to 
become actively involved have increased. Active learning techniques are widely 
promoted as methods by which students may become more involved in class. 
This paper focuses on testing the influence of two active learning techniques 
web-based CRS and class discussion on students learning outcomes and stu-
dents̀  attitudes towards their active engagement in programming lectures. The 
results have shown that after introducing these active learning techniques stu-
dents’ learning outcomes increase, but better learning outcomes were recorded 
in the group that used web-based CRS than class discussion.

49	 Dulama, M. E., & Ilovan, O. R. (2016): „How Powerful Is Feedforward in University 
Education? A Case Study in Romanian Geography Education on Increasing Learning 
Efficiency”, Educational Sciences: Theory and Practice, 16(3), 827-848
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Students welcomed the idea of becoming more actively engaged in lecture, 
because the understanding of lecture increases, they become more aware of their 
knowledge since they get immediate, real-time feedback. Students agreed that 
these active learning techniques facilitate learning of programming, but their 
attitude toward web-based CRS are more affirmative compared to the class dis-
cussion since this technologies evoke positive emotions and enable students to 
answer to questions without exposing themselves.

Further research is required to determine whether these positive attitudes 
towards web-based CRS could lead to better learning outcomes and more active 
engagement in programming lectures. 
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EFEKTI PRIMENE SISTEMA ZA PROVERU ZNANJA 
ZASNOVANOG NA VEBU NA ISHODE UČENJA  

–REZULTATI PRIMENE NA PRIMERU NASTAVE  
IZ PROGRAMIRANJA

Svrha istraživanja, prikazanog u ovom radu, bio je da ispita efekte korišćenja teh-
nika aktivnog učenja na ishode učenja kao i stavove studenata o korišćenju datih teh-
nika. Glavni cilj istraživanja bio je usmeren na poređenje dve tehnike aktivnog učenja: 
diskusiju i tehniku baziranu na korišćenju sistema zasnovanog na vebu, za proveru zna-
nja učenika. Metodologija koja je primenjena u istraživanju kombinovala je kvalitativne 
i kvantitativne metode istraživanja. Za potrebe kvantitativnih istraživanja izvršeno je 
poređenje rezultata ishoda učenja dobijenih pre primene i posle primene predložene teh-
nike. Za potrebe kvalitativnih istraživanja korišćen je anonimni test sa pet pitanja sa slo-
bodnim odgovorima čiji je cilj bio da se dođe do stavova i mišljenja studenata povodom 
primene date tehnike i njihovog aktivnog uključivanja u proces učenja. Rezultati istraži-
vanja su pokazali da učenje uz primenu digitalnih sredstava za komunikaciju utiču pozi-
tivno na ishode učenja, olakšavaju proces učenja programiranja i doprinose pozitivnim 
stavovima kod učenika kada je u pitanju njihovo uključivanje u proces aktivnog učenja.

Ključne reči – sistem za proveru znanja zasnovanog na vebu, programiranje, ishodi 
učenja, aktivno učenje.


