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Abstract

A student response system (clickers) was introduced into a

second year introductory biochemistry class to improve

student engagement and performance. The class was deliv-

ered in both internal and distance education (DE) modes,

with the DE students receiving recordings of the lectures

(including clicker activities). However, there was concern

over the use of clickers in internal classes as it may be ali-

enating or distracting to DE students while reviewing the

recordings of these lectures. In order to examine students’

attitudes toward clickers, closed- and open-ended ques-

tions were examined in the student evaluations of teaching

(SET). Understanding attitudes of internal and DE students

is especially important as differences may exist between

these groups due to the different learning environments

they experience. Approximately 45% of students completed

the surveys, of which 88%–91% provided written com-

ments. Of the written comments, 18% of DE students and

22% of internal students provided unsolicited comments

about clickers. Interestingly, no difference was observed in

the themes identified in the comments between cohorts.

The key themes included 1) clickers were beneficial for

learning (and increased knowledge), 2) clickers were

engaging/fun, and 3) clickers could have been used more

widely. Overall, based on this study, it was believed that

clicker usage was not seen as negative activity by DE stu-

dents and it was worth continuing to use clickers in teach-

ing the large multimodal class studied here. However,

there is a need to investigate the potential of new and

emerging technologies to provide more interactive experi-

ences for DE students. VC 2015 by The International Union

of Biochemistry and Molecular Biology, 44:99–108, 2016.

Keywords: distance education; student response system; lecture;

devices; SET

Introduction
Student engagement is a core aspect in retention of students
in university courses and this is especially so for courses
offered through online or distance education (DE) [1]. Litera-
ture comparing DE against more traditional face to face
(F2F) education is reasonably in depth, but divided [2]. How-
ever, much of the consensus is that the DE students perform
just as well as the F2F students, but instructor/tutor pres-
ence and interaction can affect this [2, 3]. DE providers have
also identified a need for strong student engagement and
interactivity to aid in the optimum learning experience [4].
As a result, a range of technologies are available to help
encourage students to be more involved in university studies
even if they study in an off campus mode [1, 4, 5].
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In-lecture questions and the use of clickers or audience
response systems have been used widely over the past few
decades to improve student engagement and learning in
classroom environments [6, 7]. Many studies have reported
that clickers positively transform classroom environments
and result in better student understanding [6]. A common
theme in the literature about clickers is that they aid in
active learning, and by simply participating in the ques-
tions, students pay attention and are more engaged than
students that do not use them [7]. Clicker questions may
also aid in distracting them away from other activities such
as playing on mobile devices [8]. Despite the apparent ben-
efits of clickers, there are some discrepancies in reported
clicker effectiveness on improving grades and student
engagement, with some studies finding that clicker effects
were difficult to detect or their use was not suitable for all
situations [9–11]. These differences may be in part due to
the difficulties in conducting research into the effects of
clickers in class room environments as the complex range
of variables, such as teacher, student, and cohort variation,
can limit interpretation of the data [9]. There are also
reports of clickers being a distraction from learning and
this can relate to technical issues [11, 12]. The later may
be especially true for DE students, but no literature is avail-
able to understand this issue further. Overall, studies on
the use of clickers in tertiary education have received
mixed reviews but, in general, with correct design, applica-
tion, and feedback they are considered to be beneficial for
learning in many circumstances [6].

As mentioned previously, research on clicker effects
can be difficult and investigations are typically based on
comparison of groups with and without clickers which can
have ethical or comparative issues (e.g. different years or
instructors) [9]. The methods to assess their effectiveness
typically focus on examining changes in student perform-
ance (e.g. a shift in grades) and by using survey instru-
ments that directly seek student perceptions of the use of
clickers [9, 13]. The survey instruments are often focused
on closed questions, but open-ended questions are also
being used more extensively [13]. The open-ended ques-
tions provide the richest and most in depth information
from the students. However, a key concern in the current
university climate is the over exposure of students to insti-
tutional surveys [14]. This in part comes about from the
expanding use of student evaluation surveys or student
evaluations of teaching (SET). SET data is typically used for
a range of institution wide assessments of teaching and
learning, but with continued improvement may have a
range of applications including the use for assessing more
specific components of courses [15, 16]. The use of SET
data is especially beneficial as it allows the instructor to
assess the overall attitudes toward particular activities
such as clickers in relation to the whole subject delivery.
As a result, rather than students complete another survey,
in many circumstances valuable information on educational

activities or technologies could be obtained from SET,
albeit in the form of a general overview, rather than the
more detailed data that can be achieved through the spe-
cific questions in a targeted survey.

In science education, enhancing understanding of com-
plex concepts, systems, and processes can be difficult. This
is especially true for fundamental biochemistry subjects
which have been widely reported to be “challenging” and
“content heavy” for a wide variety of courses [9]. As part of
recent attempts to improve learning design at Charles Sturt
University (CSU), Australia, we aimed to increase engage-
ment in Foundations of Biochemistry. The subject is offered
through the School of Biomedical Sciences and is a chal-
lenging core subject for a variety of majors. The subject
typically contains over 300 students, of which, approxi-
mately 40% are DE students. Students regularly reported
difficulties with this subject primarily around the large
amount of complex information that needed to be learnt.
As a result, a range of design and technological elements
were investigated to determine if they could aid in increas-
ing student engagement and monitoring performance. Solu-
tions that were adopted included: evening online tutorials
via Adobe Connect, use of a tablet to annotate on slides to
allow more detailed explanation of complex processes and
the introduction of clickers primarily to improve engage-
ment and monitor understanding of the content. These sol-
utions have now been in place for a 2-year period and
although positive verbal feedback has always been
reported, especially for clickers, a more in depth analysis is
required to fully comprehend the requirements of both DE
and internal students. Of particular interest is any differ-
ence in attitudes toward clicker use by internal and DE stu-
dents. This investigation is especially important as others
have reported strong positive verbal feedback on clickers,
but this did not translate into the subject evaluations [17].
Furthermore, although previous studies have investigated
the use of clickers and associated devices across multiple
campuses [1], there appears to be little if any literature on
the use of clickers for subjects which contain both internal
and DE students.

In order to capture real world attitudes toward the
clickers we chose to focus on the use of SET. In particular,
this study aims to analyze responses to open-ended ques-
tions in order to determine if clicker use in multimodal
class alienates DE students.

Methods
Participants and Design
In 2013 and 2014, clicker questions were integrated into
the final 14 (of 28) 2 hour long F2F lectures that comprised
the non laboratory component of the Foundations of Bio-
chemistry subject at CSU. This subject is delivered in the
first academic semester of the year which had 282 internal
and 176 DE students enrolled in 2013 and 192 internal and
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126 DE students enrolled in 2014. Both DE and internal
cohorts contained a mix of students from a variety of
majors including biomedical, dentistry, and veterinary
science.

In-class questions were administered through clicker
devices and software supplied by Turning Technologies
(http://www.turningtechnologies.com/). The system allows
integration with PowerPoint so that questions can be pre-
sented within a prepared PowerPoint presentation during
the lecture. Student collected clickers from the instructor at
the start of each lecture and the majority of the students
present in the lecture (typically �100 students) were
responding to the questions. Questions were often designed
to incorporate a small amount of gamification or competi-
tion between the students; this included establishing teams
at the start of the lecture (e.g. to allow a state of origin bat-
tle, battle of the sexes or battle of the study majors). The

overall scores for these teams would then be shown at the
end of the lecture. The clickers were used to pose a set
(typically <10) of questions three to four times in the 2
hour lecture. The instructors were able to gauge the time
required for each question by monitoring the rate at which
responses were coming in as displayed in the top right cor-
ner of the slide (see Fig. 1) and questions were generally
not closed until the majority of students had responded. A
variety of questions were used in each lecture and these
were generally multiple choice questions used in past
exams and which related to the topic being delivered in
that lecture or as revision for previous lectures (e.g. see
Fig. 1). The results were displayed immediately within
PowerPoint during the lecture to allow students and the
instructor to assess comprehension of the material. The
instructor would then provide additional explanation of any
poorly understood material and this was often with the aid
of hand drawn diagrams by annotating slides with the use
of Wacom pen tablet (see: http://www.wacom.com/en-us/
products/pen-tablets) (see Fig. 1). This then allowed group
discussion and further questions as required.

The lecture, including clicker questions and feedback, is
provided to DE students via recordings taken in Echo360
(http://echo360.com/). The recordings consist of screen capture
of the lecture slides (including clicker questions, responses,
and feedback) and audio from the lectern microphone.

Subject Evaluation Surveys
SET or as termed at CSU, subject experience surveys (SES)
(see http://www.csu.edu.au/division/landt/evaluating-learn-
ing-and-teaching/home) were made available to all students
via the learning management system (Sakai, https://www.
sakaiproject.org/) for CSU. The questions in the SES repre-
sent a fundamental shift in focus from a general measure
of student satisfaction with teaching in a subject, to an
evaluation of the student learning experience consistent
with the expectations of academic staff in relation to teach-
ing at CSU. The design of these surveys followed recom-
mendation from Pratt [18], where rigor and credibility can
be achieved through a focus on the essential and substan-
tive aspects of teaching, rather than basic teaching tasks
and actions. The key construct to be measured by the
revised surveys was identified as “the student perceptions
of their learning experience in a CSU subject.” This con-
struct fits well with the overall goal of the current study
where we are interested in the student attitudes and per-
ception of clicker use in Foundations of Biochemistry. The
CSU teaching evaluation consists of a self-complete survey
that measures student feedback across a series of core
questions or items (17 items for general subjects). This
study used data from both the closed and open-ended sec-
tions of the SES. The survey questions are shown in Table
I. The survey used a Likert scale with five categories which
corresponded to students agreeing; to a very large exten-
t 5 5, to a large extent 5 4, somewhat 5 3, to a small

Screen shots of lecture recording showing example

questions, student responses, and feedback annota-

tions. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

FIG 1
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extent 5 2, to a very small extent 5 1 for questions 1–14.
For Question 15, the scale was; less than 100 hours 5 1,
100–140 hours 5 2, 141–160 hours 5 3, 161–200 hours 5 4,
and more than 200 hours 5 5. Question 16 and 17 were
open-ended questions which are the focus of the analysis
below. These are referred to as the helpful (Question 16)
and least or unhelpful (Question 17) questions or parts of
the survey in the following sections.

Analysis of Closed Questions
Results for closed questions are represented as the mean-
6 stand error (SE) of the values attributed to responses
from the Likert scale. The difference between two means
(internal and DE) were compared using Students’ t-test

using SPSS (Version 20, SPSS Inc, Chicago, IL). Differences
of p<0.05 were regarded as statistically different.

Analysis of Open-Ended Questions
The current study focused on qualitative analysis similar to
that utilized by Pan et al. [15] to examine comments in stu-
dent evaluations. The principle here being that qualitative
research involves the study of actual situations as they hap-
pen naturally, without predetermined constraints on out-
comes [15, 19]. Due to the open-ended nature of questions
used in SES at CSU, these questions satisfy the above crite-
ria for qualitative research and thematic analysis.

Reports generated from the student evaluation surveys
in .pdf format were retrieved for all cohorts for 2013 and

SET or student feedback questions used at CSU, Australia

Questions

1 The learning outcomes of this subject were made clear to me.

2 The learning activities in this subject (e.g. labs, lectures, assessment tasks, forum discussions, group work)

helped me to learn effectively.

3 The learning activities in this subject (e.g. labs, lectures, assessment tasks, forum discussions, group work) cre-

ated opportunities for me to learn from my peers.

4 This subject incorporated study of current content (e.g. up-to-date texts, research, issues, software, other learn-

ing resources).

5 The goals of the assessment tasks in this subject were made clear to me.

6 The learning activities in this subject (e.g. labs, lectures, assessment tasks, forum discussions, group work) pre-

pared me to complete my assessment tasks.

7 The assessment tasks in this subject helped me to learn effectively.

8 I received timely feedback on my assessment tasks in this subject.

9 Feedback I received throughout this subject helped me to learn effectively.

10 I could see a clear connection between the learning outcomes, learning activities and the assessment tasks in

this subject.

11 The learning activities in this subject (e.g. labs, lectures, assessment tasks, forum discussions, group work)

enabled me to judge the quality of my own work.

12 I was able to make clear connections between this subject and other subjects in my course.

13 The use of CSU’s online learning environment (e.g. Interact, online meeting tool, ePortfolio, podcasts, etc.) in

this subject helped me to learn effectively.

14 The learning activities in this subject (e.g. labs, lectures, assessment tasks, forum discussions, group work)

extended my knowledge.

15 I was able to complete all activities in this subject in. . .

16 What about this subject did you find most helpful in your learning?

17 What about this subject did you find least helpful in your learning?

TABLE I

Biochemistry and
Molecular Biology Education

102 Acceptance of Clickers in a Large Multimodal Biochemistry Class



2014 and analyzed in NVivo (www.qsrinternational.com/
products_nvivo.aspx). A text-searching strategy was used to
capture just the comments sections of the survey relevant
to the topic, which included the following terms or stem
terms: clickers, lecture questions, and lecture quiz. Com-
ments were also manually examined to ensure that com-
ments had not been left out or incorrectly included. The
key descriptors in relation to clickers were identified using
the word frequency function in NVivo and the descriptors
then populated from this list. Comments were then man-
ually coded to nodes for internal/DE and helpful/unhelpful
sections in NVivo. A manual thematic analysis was used
and included the use of word trees to aid in identifying
themes and patterns in the comments and this was fol-
lowed by a process of review, revision and grouping/
regrouping into the themes. Examples of student comments
associated with the key themes are provided. This method
was selected as it is suitable for small qualitative data sets
and allows a more in depth analysis of the data [20].

Results
Closed Questions
Evaluations were completed by 43.7% and 44.3% of inter-
nal and DE students respectively across both years of this
study. The survey responses for the questions examined in

this study (Q2, Q3, Q9, Q11, Q13, Q14) showed some dif-
ferences in scores between internal and DE students, with
DE students reporting slightly higher values for all ques-
tions (Table II). The evaluations provided by DE students
were significantly higher for all of the closed questions
(Q2, Q13, Q14) relating to teaching practices and if they
helped them learn effectively or gain more knowledge
(Table II). The values obtained in this subject were also
consistently above the average for the School of Biomedi-
cal Science (Table II).

Open-Ended Questions
The majority of internal and DE students that completed eval-
uations also provided responses to the open-ended questions
(Tables III and IV). This meant that 306 comments were ana-
lyzed in the current study. The majority (64.7%) of comments
focused on the teaching abilities and techniques of the instruc-
tor. However, more specifically, comments about clickers in
the “helpful” question of the SES were relatively common con-
sidering comments were not specifically sought on this topic,
with 63 comments forming the basis of the analysis on click-
ers (Tables III and IV). Comments in the “unhelpful” question
were far less common than in the helpful question, with only
seven comments recorded (Tables III and IV). The percentage
of helpful comments that mention clickers was very similar
between internal and DE students at around 18%–22%

Average (6SE) rating given by internal and DE students for the closed-ended questions addressing teaching in

biochemistry across 2013–2014

Questions

Internal

(N 5 474)

DE

(N 5 302) BMS

Q2) The learning activities in this subject (e.g. labs, lectures, assessment

tasks, forum discussions, group work) helped me to learn effectively.

4.2 (0.10) 4.7 (0.07)* 3.9

Q3) The learning activities in this subject (e.g. labs, lectures, assessment

tasks, forum discussions, group work) created opportunities for me to

learn from my peers.

3.5 (0.12) 3.8 (0.12) 3.6

Q9) Feedback I received throughout this subject helped me to learn

effectively.

4.0 (0.11) 4.1 (0.14) 3.8

Q11) The learning activities in this subject (e.g. labs, lectures, assessment

tasks, forum discussions, group work) enabled me to judge the quality of

my own work.

4.0 (0.11) 4.2 (0.09) 3.7

Q13) The use of CSU’s online learning environment (e.g. Interact, online

meeting tool, ePortfolio, podcasts, etc.) in this subject helped me to learn

effectively.

4.1 (0.09) 4.7 (0.06)* 3.9

Q14) The learning activities in this subject (e.g. labs, lectures, assessment

tasks, forum discussions, group work) extended my knowledge

4.3 (0.11) 4.6 (0.08)* 4.0

The average across all of the School of Biomedical Sciences is also shown (BMS). Responses were collected in a Likert scale and 1 corre-

sponds to students agreeing to this statement to a very small extent and 5 to a very large extent (see “Methods” section for more

detail). *denotes value was significantly higher than that recorded by internal students (p 5<0.05).

TABLE II
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(Tables III and IV). There was some variation between years,
but this appeared to be random variation rather than a
change in reporting. For example, internal student response
rate declined from 2013 to 2014 but the opposite was
recorded for DE students (Tables III and IV). As a comparison,
Adobe connect (or online tutorials) were mentioned by 10.3%
of internal students and 9.0% of DE students.

Student Attitudes to Clickers
Open-ended questions prompted students to consider what
parts of the teaching were “helpful” and which parts were
“least helpful.” The key descriptors were relatively consist-
ent for both internal and DE students (Tables V and VI).
Student responses provide a strong indication of an align-
ment between clickers or lecture questions to positive
interactions (good, great, excellent, loved) which often
translated into and understanding of how they helped their
learning (revision, learnt, understanding, revise). The posi-
tive descriptors in the helpful comments are not surprising
given the nature of the question, but similar terms were
also identified in the unhelpful comments. However, insuffi-
cient comments were available in the unhelpful responses
for any detailed analysis, but these results are discussed in
detail below. The top descriptor identified for internal stu-
dents was great/good/excellent which was mentioned by
nearly one third of all students in their comments on click-
ers. As mentioned, the DE students had similar descriptors
with help/helpful/helped, learnt/learning, and good/great

being mentioned in the comments on clickers by half of the
students that responded.

The key descriptors were clearly reflected in the three
main themes that were identified in the student com-
ments. These themes included 1) clickers were beneficial
for learning (and increased knowledge), 2) clickers were
engaging/fun and 3) clickers could have been used more
widely. The first of these themes was the most dominant
in the comments and this is reflected in the key descrip-
tors for both groups which related to the beneficial or
helpful aspect of clicker usage for learning (Tables V–
VIII). Comments on clickers were generally quite rich
and students often addressed more than one of these
themes in their comments. For example, many comments
outline how they found clickers to be beneficial to learn-
ing and assessing their knowledge but they also found
them to be engaging and fun (Tables VII and VIII).
“Unhelpful” comments consistently referred to sections of
the subject that could have been improved with the use of
more clicker questions (e.g. in all lectures not just some)
(Tables VII and VIII). In addition, there was no thematic
difference in the comments between internal and DE stu-
dents (Tables VII and VIII). A sub-theme was also identi-
fied in the comments for both groups on clicker usage
and this alludes to the lecturer’s ability to effectively
explain concepts and articulate answers to questions,
which includes feedback given for poorly answered
clicker questions, as illustrated by:

Response rates to open-ended questions in subject experience surveys: number of students, number of responses

and the number of responses mentioning clickers for internal students in 2013 and 2014

Year

No. of

students

Number of

responses

Number of

“helpful”

Comments

Number of

“not helpful”

comments

Number of

helpful comments

that mention clickers

Number of

unhelpful comments

that mention clickers

2013 282 131 113 97 17 2

2014 192 76 71 59 24 4

Total 474 207 184 156 41 6

Response rates to open-ended questions in subject experience surveys: number of students, number of responses

and the number of responses mentioning clickers for distance students in 2013 and 2014

Year

No. of

Students

Number of

responses

Number of

“helpful”

Comments

Number of

“not helpful”

comments

Number of helpful

comments that

mention clickers

Number of unhelpful

comments that

mention clickers

2013 176 74 68 58 10 1

2014 126 60 54 41 12 0

Total 302 134 122 99 22 1

TABLE III

TABLE IV
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The lecturer’s “diagrams and the way she explained them
were absolutely amazing, can’t thank her enough for her
help.” Internal student 2014
The lecturer “did a fantastic job teaching the second half of
the topics, made complicated very simple!!!!.” Internal stu-
dent 2013
The lecturer “explained how she got the answer in clear
terms and asked if anyone wanted to go over them again.”
Distance student 2013

Discussion
The current study provided further evidence to support the
use of clickers in higher education. Similar to previous
studies, we found students thought clickers were a useful
tool to monitor their performance, increase engagement
and to improve their learning [1, 9]. Despite initial concern
that DE students may find the presence of clicker questions
in recorded lectures distracting, all modes of study indi-
cated they were a positive and important component of
their learning.

The main purpose for incorporating clickers in our
introductory biochemistry class was to improve learning,
increase student engagement, and participation and the
responses from students seemed to suggest that this goal
was achieved. Similar to other studies, the majority of com-
ments (�50% or higher) focused on the instructors peda-
gogical skills [21]. However, the strong unsolicited positive
response (18%–22% of the comments) to clickers would
suggest that students found them to be a useful tool in lec-
tures and rates much higher than what has been reported
elsewhere for clicker usage [17]. The strength of these
responses is demonstrated from previous studies such as
Lantz [17] where only 5 of approximately 200 students pro-
vided positive comments to clickers in SET despite always
receiving strong positive verbal feedback. The lack of
response prompted Lantz [17] to conclude that students
were neutral about clickers. The strength of the results in
the current study are further supported by previous studies
examining SET comments, which have found that specific
factors such as teacher interaction and rapport (up to
18.6%) and clarity and communication (up to 9.5%) are
recorded in the comments from students at similar rates to
clickers [22]. The results reported here on clickers have
not always been reported, but this can come down to the

Frequency (per 100 students) of the 15 most

frequent descriptors used by internal students

referring to clickers in the helpful comments in

the SET (N 5 41)

Terms

Per 100

students

Great, good, excellent 61.22

Help, helpful, aided, assisted 51.02

Learning, learnt, learn, knowledge 48.98

Revision, revising 22.45

Understanding, understand,

comprehension, grasp

22.45

Summarizes, summaries, summary 14.29

Explain, explained, explaining 12.24

Easy, easily, simple 12.24

Interactive 10.20

Enabled, enable 6.12

Loved 6.12

Engage, involved 6.12

Review, reviewing 6.12

Reinforce, reinforcement 4.08

Defined, define, determine 4.08

Frequency (per 100 students) of the 15 most

frequent descriptors used by DE students

referring to clickers in the helpful comments in

the SET (N 5 22)

Terms Per 100 students

Help, helped, helpful 50.0

Learn, learnt, learning 50.0

Good, great 50.0

Revision, revisions 33.3

Loved 25.0

Understand, understanding 16.7

Review, reviewing 16.7

Consistent, constant 16.7

Assess 16.7

Cement 8.3

Explained 8.3

Handy 8.3

Practice 8.3

Progress 8.3

Provided 8.3

TABLE V

TABLE VI
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design and way the clickers are used [7]. The effectiveness
of clickers is highly depended on the way they are inte-
grated into the lecture, and the feedback given by the lec-
turer on incorrect answers in the current study was highly
regarded by students [11]. Of particular importance here
was the identification of sub-theme, which included the lec-
turer’s ability to effectively explain content and annotate
slides with diagrams.

Use of Student Evaluations
Student surveys are now widely used in assessment of edu-
cational performance at institutions worldwide [14, 23]. In
particular, literature on student ratings and its validity and
reliability in instructional and course improvement is fairly
extensive [14, 23, 24] and there is also continual develop-
ment into the use of open-ended questions for assessing
educational quality and these are now widely integrated
into subject evaluations, typically at the end of the ques-
tionnaire [22, 23]. In the current study, responses to the
open-ended questions provided a large amount of rich
information on the use of clickers and other teaching prac-
tices in the biochemistry subject being examined. Similarly
to Pan et al. [15], students appeared to value teacher qual-
ity and, in particular, the ability to explain concepts or to
provide feedback on questions that were asked by students
or via the clicker system. Generally, the closed questions do
little to answer the question of “why” something did or did
not work for the lecturer. The written comments, however,
may provide insight as to how a subject was conducted and
what was well received and why [23]. In the current study,
the lecturer was often mentioned in response to open-
ended questions and the ability to clearly explain concepts
and answers for both clicker and non-clicker questions.
This may indicate the success of clickers for both internal
and DE students were in part related to high teaching
quality.

An important point to make in relation to open-ended
questions, is that it allows students to focus on what they
felt was most important [23]. This was a key factor in using
comments to assess clickers in the current study, as it
allowed us to assess the relative importance and attitudes
toward clickers in terms of the whole subject and its deliv-
ery. This demonstrates the importance of open-ended com-
ments as they have an advantage over more structured or
targeted surveys (or the Likert scale type questions which
dominate the surveys), allowing issues and other factors to
be discussed that may go unnoticed [15, 23].

Previous authors have suggested that the use of student
comments from subject surveys in educational research
can be problematic due to the fact that a wide range of
response rates have been reported in the literature [23].
This is further complicated as there is also often poor and
variable responses to the comments sections within these
surveys. However, we found reasonably strong response

rates with typically more than 40% of students volunteering
to complete the surveys and the vast majority of these stu-
dents providing quite lengthy and rich comments. The level
of response to both the surveys and written comments is in
line with the rates (typically 30%–50%) reported elsewhere
for online evaluations [16, 25]. The wealth of information
achieved through student comments may be in part due to
the electronic delivery of surveys, which previous studies
have shown to receive higher response rates than paper
surveys and they also tend to contain richer comments in
the open-ended questions [16, 23].

Although the use of comments from the SET proved
useful in the current study, some limitations have been
documented in the past [14, 25, 26]. A key limitation of
these surveys is that they are limited by the questions that
are asked and questions are usually carefully constructed
by administration and faculty groups for institutional moni-
toring or assessment activities [23, 26]. As a result, the
information obtained from these questions is often not use-
ful for the instructor to improve teaching and learning in
the subject and/or the information is inappropriately or
inadequately used [14, 25]. However, in the current study
we found that useful information can be obtained from SET
and applied to a particular question relating to a learning
and teaching activity. Nevertheless, although the comments
had a reasonably universal range of themes, students may
have provided more information on how they felt engaged
and any improvements or issues with clickers. The SET at
CSU now has the ability for the instructor to add additional
questions to the core 17 listed in Table I. This may be a
suitable opportunity to gather specific information on a
learning activity without students being required to com-
plete an additional survey.

Attitudes of DE Students
There appeared to be little doubt that in-class lecture ques-
tions were well received by DE students and there were no
reported negative comments. This is surprising as distance
students were not able to partake in the clicker activity,
but were able to view recordings of the lectures that con-
tained the questions and feedback given. As mentioned pre-
viously, the use of student survey data meant that students
would only comment on parts of the subject they found
most useful/interestingly or least useful/distracting and
more than 18% of DE respondents reported clicker ques-
tions as beneficial. These results are in contrast to that
reported elsewhere in which distress has been reported by
DE students due to the increase use of technologies [27].
Reasons for acceptance may emanate from the benefits DE
students can still derive from the clicker activities, in that
they can still attempt the question (by pausing the record-
ing) and assess their knowledge of the topic. The record-
ings and clicker activities may also allow DE students to
feel less isolated as they can gauge their understanding

Biochemistry and
Molecular Biology Education

106 Acceptance of Clickers in a Large Multimodal Biochemistry Class



and progress against other students [28]. There is also
continuing blurring of the boundaries between F2F and
DE students through the use of various other online discus-
sion activities such as online tutorials and discussion
boards [28]. These insights could not have been obtained
without examining the open-ended questions, further high-
lighting the value of this question type in subject evaluation
surveys.

There is no literature available for the use of clickers
by DE students but some information is available for its use
synchronously across multiple campuses. For example,
Clauson et al. [1] reported that 85% of respondents thought
clickers made it easier to participate in lectures that were
broadcast to their lecture room from a remote location.
They also found that 80% of students felt they participated
more in class as a result of clickers than they usually
would. However, the most positive perception came from
students who were at the location where the lecture was
being delivered [1]. This was less apparent in our study,

where internal and DE students mentioned clickers in their
comments in similar amounts despite the fact that DE stu-
dents did not actually use these devices. Furthermore, the
comments received from both groups were very similar,
suggesting that there was little difference in the perceived
benefit of the activity by both groups (Tables VII and VIII).

Although not raised by any students, it is important to
realize that DE students do not have the interactivity of the
internal students and, most importantly, feedback from
clicker questions is tailored to the responses received in
class on the lecture day. The key here for educational
design is the ability to provide DE students with a similar
experience to internal students. This is especially important
as the understanding of some concepts may differ between
DE and internal students due to differences in learning/
teaching style or the progress of other learning activities
(e.g. timing of practical sessions/residential schools). As a
result, DE students may require more specific, detailed or
extended feedback (beyond that which is given in class).

Example responses to open-ended question about helpful and non-helpful parts of the subject for internal students

Question Student responses Theme

Helpful “Clicker questions were very helpful and interactive in lectures” Engaging and

beneficial

“I liked the clicker questions as they enabled me to get i

mmediate feedback on the topics”

Beneficial

“Clicker questions at the end of each section were excellent as

they demonstrated our level of understanding before moving on to

the next topic”

Beneficial

“Use of clickers reinforced important points and were a lot of fun!” Beneficial and

engaging

Unhelpful “To assist in learning I would like the use of clickers throughout

the entire subject.”

More usage

Example responses to open-ended question about helpful and non-helpful parts of the subject for distance students

Question Student responses Theme

Helpful “The use of clicker questions was also great to track the progress

of my learning and to get an idea of the level of information

expected to know.”

Beneficial

“I found the constant revision and clicker questions in the

second half of the subject very helpful.”

Beneficial

Unhelpful “Would have more (clicker) questions to practice the application

of the theory”

More usage

TABLE VII

TABLE VIII
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Overall, based on this study, we would recommend the
continued use of clickers in teaching large multimodal
classes similar to those studied here. This recommendation
is based on the results of student surveys which clearly
demonstrate that both internal and DE students perceived
significant benefits for their educational experience. How-
ever, there is also a need to investigate the potential of new
and emerging technologies to provide more interactive
experiences for DE students.
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