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Abstract 6

A classroom lecture-style of safety training is oﬂer@u ed th eginning of each
semester in university chemistry experiments, wher s h a extbook and a video
are utilized. However, we consider that a gap eX|s wee arnlng style and actual

practice. In our previous study, we showed tthectlvene 0 mblguous presentation to
memorize the topic of learning. Ci@

fujinami@cc.tuat.ac.jp

By taking a hint from hazard- predlctl mg w se to utilize questioning about a
caution in a particular operatlon as us presentation. People try to find
answer when they are asked, whic xpect%' itate active thinking that contributes
learning. An experiment sho arnln question and answer contributed better
than learning with answer only. hlnkmg with 5 and 10 seconds were significantly

effective in learning compa d with arﬁ% ly style. Particularly, 10 seconds of thinking
time allowed the subj ect ook aro e objects on an experimental table before being
given the answer. W found t the effect of learning is not direct proportion to the

length of thinki Q e 30 N@ 's\of thinking time lost the subjects’ eagerness t0 learn.
te saf

Keywords: %@mng Chemistry experiment, Learning contents, Questioning

lecture-style tilizes materials such as a textbook and a video at the beginning of a
semester. T articular training style can accommodate a large number of students at one

tirs%@«er, we consider that there is a gap between the lecture-style learning and actual

1. Introduction (b‘
Traditional s;f@&ining in university classes is basically conducted in a classroom

pr n assistant can support students during an experiment, but, obviously, one assistant
cannobtake care of students all the time. Of course, a simulation-based learning method is
under investigated in the context of virtual or mixed reality [2, 5, 6, 8] however, the reality of
the experience between simulation and actual experiment is still irreplaceable.

We have proposed a tangible chemistry experiment support system that helps on-site safety
training for the beginner to avoid danger [7], in which the most important design issues is to
make students independent of the system in the future: if a safety-training system is too
suggestive all of the time, it would certainly be helpful for a student during the course of an
experiment, but it would deprive him or her of the opportunity to learn to avoid accidents.
Here, the core idea is to facilitate active thinking, and we have shown the effect of multiple
presentations or ambiguities of a message for learning [1].
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In this article, we propose to leverage “questions” as a form of ambiguous message. People
try to find answer when they are asked, which we expect to facilitate active thinking that
contributes to memorize the topic related to the question. We carry out an experiment to
validate the question-thinking style of learning as well as to evaluate the appropriate length of
thinking time. The rest of the paper is organized as follows. Section 2 specifies basic
chemistry experimental operations that we deal with this study. Then, in Section 3, we
propose the learning contents. Section 4 describes a basic experiment to evaluate the effect of
the proposed method, which is followed by a more realistic experiment and discussion in
Section 5 and Section 6, respectively. Finally, Section 7 concludes the paper.

2. Target Operations

Based on the analysis of an incident report in chemistry experiments f irst and the
second grade undergraduate students [9], we specified fi;e major S as target

operations in our study. They are 1) getting out chemical {al fro cohtainer (25.0 %),
2) inserting a glass tube into a rubber tube (22.5 % eatingh\chemicals (20.0 %), 4)
handling glass apparatuses (18.8 %), and 5) handli gfamicqot (68 %). The numbers in
parenthesis indicate the ratios of the number of acciteats in a@ar operation to the total

number of accidents. These five operations are h@y: ones, b up to 93 % of accidents in
[9]. This indicates that preparing appropriat hing COK for these five operations can

cover almost all the cases of accidents \Q)

3. Designing Learning C‘K
In this section, we describe propos ?ethod that facilitates “active thinking” of
students during an experigfent fro ts of view: leveraging questioning and
presenting a failed oper

3.1. Question and &O(Ing P. %

Kiken-Yoc@mmg (KYT) 3] or hazard-prediction training is a method of training
investigated in Japan, in workers discuss unsafe conditions provided as a picture or a
video to ensure their s y taking a hint from KYT, a hazardous scene is presented to
students prior to a partictdar operation in a chemistry experiment.

In the context on-site safety training, a student participates to the training activity
during an experiment to narrow the gap between the time of learning and the time of doing.
So, a comp stem poses questions to individual student through a computer display on
al table instead of a traditional face-to-face discussion style of KYT. The left
e 1 shows an example of the question presentation. The answer to a question and
formation is then provided after a certain period of “thinking time” (Figure 1-right).
We will evaluate the effectiveness of this method by comparing with a more direct approach
that just presents a note of caution without a question during an experiment. Also, the tradeoff
between the length of the thinking time and the memorability is examined in later section.

3.2. Getting Answer and Caution Phase

The answer to the posed question is designed so that a student can learn the key point of a
certain operation and actual correct operation. The actual correct operation may be provided
as video contents (Figure 1-c) while the key point can be simply presented a still picture with
a short textual message (Figure 1-b). Additionally, a failed operation is included to help a
student to have a concrete image of “what should not do” (Figure 1-d). The severity of an
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accident caused by a failed operation depends on the material of experimental apparatuses
and chemicals. To increase the shareability of the learning contents, we intentionally removed
the information about the result of the accident with an exception in case that the result is
apparent, e.g., heat injury by touching heated material. Instead, just the causal operation is
presented.

1.'Ques>on&Thinking'Phase 2."GeC ng'Answer&Informa>on'Phase

a.'ques>on'about'possible'danger | | b.'answer'with'key'point c.'correct'opera>on  d.'incorrect'opera>on

| s>|l'image'(variable) | s>Il'image'(5'sec)’ video'contents
’An'gem
EaHEEZOFICOHT
YY)

“Prone'to'spill'chemicals'on’ “Put'medical'paper'on'd “The'medical'paper’

the'table.'What'should'you' ceramic'pot'and'pour'it' x is'separated'from'a’

take'care'of?” carefully.” 0 ceramic'pot.”

Figure 1. Aflo earnl%%ntents
4. Experiment on the Effe o@arnm Question-Thinking
We carried out a basic exper to eva the effect of the learning style with question-

thinking. In order to focus opsthe prop |ng style, the subjects just learn by watching
presented mformatlon |n uter s ., the contents are provided during a chemistry
experiment, which |

site tralnlng in SEC

4.1, Methodol@

The experimental pr

tradltio e- Learnlng We will examine the possibility of on-

@re consisted of two phases and five components as shown in
Figure 2. The firstp intended to be a learning period, while the second is a test period.
The experimental rom safety aspects were evaluated in both phases to assess the effect

of proposed |learningstyle.
The learni riod is further divided into three components. In Step 1, each subject

conducted types of simulated basic chemistry experiments that contained the five types
of ‘s as shown in Figure 3. The description of the chemistry experiments is
su%ed in Table 1. Step 1 was aimed at obtaining safe experimental skill of each subject
as a baseline, in which the subjects followed specific experimental instructions. Step 2 comes
every after Step 1, in which the subjects watched learning contents as shown in Figure 2 and
Figure 3-b). During the thinking time, the subjects were asked to tell the answer in words to
ensure that they actually tried to find the answer and the appropriateness of the duration of
thinking time. As Step 3, the subjects filled out questionnaire survey to obtain subjective
opinions on their experiences.

Step 4 in the second phase was carried out in one week, in which the subject conducted the
same experiments as in Step 1. We set the duration of one week because a class of chemistry
experiment is usually scheduled once a week. In both Step 1 and 4, the subjects’ operational
skills were assessed based on a checklist for safe experiment. Examples are shown in Table 2.
Note that the checklist was developed under the supervision of an expert of chemistry
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experiments. The number of unsafe operations in Step 1 was subtracted by that of Step 4 to
obtain the net effect of the learning contents (Step 5).

We tested with three different length of thinking time, i.e., 5, 10 and 30 seconds. The
length of 10 seconds was determined based on our finding in [1] that it took about 10 seconds
to comprehend message. The length of 5 and 30 seconds were specified as the ones that were
shorter than and longer than 10 seconds, respectively.

Learning phase Test phase

( A
Step 1. Experimental Operation | _____ - Step 5. Comparing unsafe opﬁc}-
ni

L (Evaluation of the subject’s operation) ) between pre- and post-|
{ r - %’

e N
Step 2. Watch Instructional Video | [} \vaek \gzraﬁon )
(Question, Answer, ject’s operation)
Correct/Incorrect Operations)

. J

p ‘l' N Q V X 3 types
Step 3. Questionnaire Survey Q A\

\ J © %

x 3 types

b) watching the learning contents

istry experiment

Figur &enes of experiments: a) experimental operation for evaluation of
gz t’s skill (Step 1 and 4) and b) watching learning contents (Step 2)
Tabl

e 1. Description of chemistry experiments applied in the experiment

ID | Topic of experiment (upper) and operations (lower) Type of Number of
operation | check points
E1 | Picking and heating solid reagent 14
1. Pick solid reagent on medical paper, and put it into a ceramic pot 1
2. Put a triangular support and the pot on a tripod, and heat the pot 3
3. Remove the cover of the pot and put the pot on a wire cloth 5
E2 | Picking and heating liquid reagent 20
1. Pour liquid reagent into a beaker from a liquid bottle 1
2. Attach a dropper on a pipette, and suck 1 ml from the beaker 1,2
3. Tap the sucked liquid into a test tube 4
4. Hold the test tube by a clipper, and heat the tube 3
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E3 | Mixing solid and liquid reagent and heating the mixture 15
1. Put solid reagent into a test tube from a mortar using a spoon 1
2. Pour liquid reagent into a test tube from a liquid bottle 1
3. Hold the test tube by a clipper, and heat the tube 3

Type of operation: 1) getting out chemical material from a container, 2) inserting a glass tube into a
rubber tube, 3) heating chemicals, 4) handling glass apparatuses, and 5) handling a ceramic pot

Table 2. Examples of check points for the five representative operations

ID | Op. | Check point
El |1 1. Picking solid reagent slowly to avoid spilling it
2. Putting material/objects on a stable objects, e.g. a ceramic pot °
3. Not putting reagent on the edge of an experimental table
4. Not spilling solid reagent on the table A %
2 1. Putting a triangular support on the center of a tripod y
2. Putting a ceramic pot on the center of a triangular support °
3. Lighting a match safely %
4. The distance between a match and a spirit lamp is n e.
5. A flammable object is not near a spirit lamp. w
6. Being careful of not touching flame of a spiritidamp 1& )
3 1. Extinguishing a fire of a spirit lamp safely '\\/
2. Grabbing a ceramic pot firmly with a pou%per
3. Putting the pot on a wire cloth withou ing °
4. Being careful of handling heated objectsy¢.g. a ceramic pt, a tripod
E2 | 2 1. The distance between a dropper,  Wand holdi ipette is not too far.
2. Not exerting extra power in ingadr (r&% ipette
3. The pipette does not confac a beaker g\i breaking of the head of the pipette.
4. Obtaining precise a f liquid by suckingslightly more than necessary and draining with the
glass tube perpendicularlytill requited unt
5. Not sucking liquigo the dropp:
6. Not holding th er when %’[he liquid
3 1. The pipette Wt contact witfa beaker to avoid breaking of the head of the pipette.
2. Tapping thg.steked liqui container with stable conditions, e.g. a glass object is not on the
ed a‘tgble, a gl ject’is not on some unstable objects.
3. Ya)gm e very last y heating the center of a pipette
A\

4.2. Subjects bg)

The subjects wer dergraduate and graduate students who were majoring in science
and engineering. ualize the knowledge of chemistry experiments, we excluded those
who majoredyinychermistry; however, all subjects had experiences of chemistry experiments in
high schc&?%ﬂown in Table 3, the 32 subjects were divided into four groups (8 subjects in

each gro d they conducted three types of chemistry experiments with different length of
thinki e. Here, “N/A” indicates that the first phase of the learning contents, i.e. question
an%ing phase, was skipped and that only the second phase contents were provided. So,
the case acts as a control group.

Table 3. Thinking time [sec] and subjects’ grouping

Group A Group B Group C Group D
El |5 10 30 N/A
E2 | 10 30 N/A 5
E3 | 30 N/A 5 10
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4.3. Results

The bar chart in Figure 4 shows the relationship between the length of thinking time and
the number of improved points (NIPs) in experimental operations. NIP indicates the net effect
of the learning contents as proposed in Step 5 of Figure 2. One-way ANOVA showed
significant difference in NIPs against thinking time (F (3, 73)=2.96614, p < 0.05). Then, the
Dunnett multiple comparison between “N/A” and other three thinking time showed that there
were significant differences (p < 0.05) in 5 and 10 [sec].

The preferences on the thinking time in terms of comprehending presented information are
shown in the line chart of Figure 4, in which thinking time of 10 and 30 seconds were
preferred. Furthermore, the subjects’ ratings on the presentation of failure exampi@s, shpWwed
expectation and affirmative impression as shown in Figure 5.

Some of the subjects’ opinions are summarized in Table 3. These r SE;ustain the
effectiveness of the question-based learning and presentation of failure~examples from the
user’s point of view. Regarding the length of thinking ti ‘ﬂ%impre i 5 seconds was
agreed on being too short; however, their opinions were & n S 0 seconds.

aglorove@)le

# of subjects

14

i .\% 1 12

L}
@ 1 10
1 8
1 6
1 4
1 2
0

10
@ Thinking time [sec]

p between the length of thinking time and the number
operations (left axis) and the number of subjects who
h best for understanding the message (right axis). “N/A”
indicates that thinking time is not given

Posi) ve'impact'on”
safety'consciousness
Posi) ve'impact’on"
safety'experimental"
opera) on
Ease'of'understanding"
the'contents
" 2 3 4 5

Ra) ng'T1:'strongly'disagreed"..'5:'strongly"agreed]

93essaw ay3 Suipueisiapun

of improved points in operations
10} 159 paJiajaid oym s103[qns Jo #

Figure 4. The relati
of improved poi

Figure 5. The subjects’ ratings on the presentation of failure examples with 5-
points Likert scale
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Table 3. Major opinions of the subjects collected in the interview session

No. | Opinion

Safety consciousness would change once | try to find the answer to the question.
I think that presenting points of caution after questions made more impression.

I felt 30 seconds of thinking time was too long and annoying.

I like 30 seconds because | could have enough time to find answers.

Five seconds was too short to find answer. | could just understand the question.

I think the failure examples contribute to increase the safety consciousness.
Some failure examples are hard to understand by a still image.

~No Ok~ WwN -

AL )°
Ny
5. Experiment on On-site Safety Training :;5 E ’
osed| method i

We conducted another experiment to validate the prop ntext of on-
site safety training, our final goal. As shown in Sectign\g.1) the leafipg activity in the
previous experiment is not on-site, but the subjects o out expe ts in their heads by
watching videos. Since a chemistry experiment i duct nd operation on a flat
surface, there might be some difference, which L@ybe shownms experiment.

5.1. Methodology and Subjects \O Q)\

A Wizard-of-Oz (WOz) meth @;as app Memove the uncertainty of recognition
of experimental operation at ang& ge of prot %ing, in which subjects carried out actual
chemistry experiments, while an experime @rected a system to present learning contents
based on observation of t @ject’s ion. We tested with three chemistry experiments
and three levels of thil ime, i.g., (answer only), 5 seconds and 10 seconds. The
reason why we ex 30 sec is that we considered that it might be dangerous to
interrupt into %‘s operatign/fot 30 seconds. Also, there was no significant effect on
learning with onds @Dking time in the previous experiment. The experimental scene
is shown in Figure 6. I%r learning contents are provided through a computer display
installed in front z’f&fbéct. In order to observe the eye-movement during an experiment, a

subject wore an eyeracker. Additionally, a questionnaire survey was conducted to obtain
subjective opigions.

Nine u duate and graduate students participated to this experiment. They were
grouped hree groups and experienced the three types of chemistry experiments with
diﬁ@levels of thinking time to avoid biases on experimental operations and thinking time
while ¢onducting the (original) experiment efficiently.
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| display(for(
learning(contents(
presentalon

PC(for(controlling( C} Z

learning coﬁm‘is
Figure 6. Configuration of the expe&

As a result of analysis of eye-tracking d@ experinigat, we found clear difference in
de

5.3. Result

the subject’s attention among the three le f thinkinaﬁl e. As shown in Figure 7, the
subjects with thinking time of 10 seco d more attention to the experimental
table compared with other two lev 0, W &;\/ed that the way of paying attention
differed by the level of thinking \tifhe That is, subjects with “N/A” case watched the
display just after a message was presented amf.started an experimental operation. In case of
thinking time of 5 seconds, answer, sented while the subjects were watching the

PC display to understa guestion, they started an experimental operation after

confirming the answet. ontrast, the subjects who experienced 10 seconds tried to find an
answer while Iooki'bh objects e table after checking a question on the display, and

sometimes logKed e displ confirm the question. They started an experimental
operation after\looking at th& \presented answer. Regarding the subjective opinions, some
subjects worried if 10 sec f thinking time would make them danger because they had to
look aside from their h n operation.

5 sec. 10 sec.

Y

Figure 7. Ratio of subject’s attention on a PC display and an experimental table

W PCdisplay

Experimental table

6. Discussion

6.1. Improvement of experimental operations by questioning

As described in Section 4, the presence and the length of thinking time has an impact on
the improvement of experimental operations. More specifically, thinking time of 5 and 10
seconds performed effectively in acquiring the knowledge of safe experimental operations.
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Our observation of the subjects throughout the experiment revealed that the subjects were
looking forward the answer from the system, i.e., correct operation and failure examples, and
became happy or sad when they were given the answer. This implies that the reason for the
ineffectiveness of 30 seconds exists in the low eagerness for the answer from the system. That
is, only one subject among 24 tried to find answers by the end of thinking time (30 seconds),
and others dropped by the wayside and looked boring. Instead, thinking time of 5 and 10
seconds are short enough to make a user’s answer clear if it is correct or not, and a user can
accept the result without being boring. We consider that providing answers from the system at
the peak of their eagerness contribute to maximize the memorization of the information.

As described in Section 5.3, the comparison in the ratio of attention on a PC dis y and an

experimental table showed difference in both quantitative (ratio) and qualitati
interesting point is that thinking time of 10 seconds allowed subjects to have %ﬂto find
answer to a presented question by switching attention on the display and(t perimental

table back and forth. We expect this would produce the t expec he guestion-
thinking method. Furthermore, their eye traces went ar ole the ce of the table.
Fujinami and Sokan suggested that presentation with-high, [evel of sw mbiguity enhances
learning effects by facilitating to find the target of % nted i ation on an experimental
table [1]. We consider that thinking time of 10 seconds had sim ect

Although there was significant mprovem@%xpeu peration with 5 seconds of
thinking time, the subjects did not pref ngth bec ey did not feel that they had
reached to the conclusion of the questio @hus felt ffastrated.
6.2. Presentation of failure exam @) &\

As shown in the third topic of Figure 5 {*; of understanding the failure examples™), the
presentation of failure exampfle)was m ferred by the subjects. The subjects might be
able to connect the see he plct ith anticipated accident in the operation, which
might emphasize th ests in_safe experiment. Also, the failure example provides the
information on the %atlon which means that the subjects could understand
“what should Such in ation would have allowed the subjects to check their
operation if it w k|n t nt manner.

6.3. Towards safe e Gbinent

The subjective ions from the second experiment imply that 10 seconds of thinking
time would e students danger due to interruption to their experimental operations. Let us
consider lighting ‘a spirit lamp by a match. Finding an answer to a question posed prior to
lighting h or picking up a matchbox in hand might have low possibility of burn injury;
ho student would get into danger when a question is posed while lit match is in
his/h nd. The timing of posing a question should take into account the risk of an accident.

7. Conclusion

In this article, we adopted questioning about a caution in a particular experimental
operation to learn safe ways of experimental operations in university basic chemistry during
experiments, in which a user is given information of correct operations as well as failure
operations after a certain period of “thinking time”. The findings from off-site and on-site
experiments are as follows:

e Learning with question and answer contributed better than learning with answer only.
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e The effect of learning is not direct proportion to the length of thinking time. Too long

duration of thinking time, i.e. 30 seconds, weaken a user’s capability of acquiring
presented answers.

Thinking time with 5 and 10 seconds were significantly effective in learning compared
with answer-only style. Particularly, 10 seconds of thinking time allowed the subjects to
look around the objects on an experimental table before being given the answer.

The presentation of failure example is expected to increase the consciousness of safety
operations.
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