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ABSTRACT ARTICLE HISTORY
Online quizzes have been shown to be effective learning and assessment Received 18 June 2014
approaches. However, if scenario-based online construction safety  Accepted 1 February 2016
quizzes do not include time pressure similar to real-world situations, they

reflect situations too ideally. The purpose of this paper is to compare onli ey .

i . , : X nline quiz; construction

engineering students' pgrformance when carrying out an onlfne safety; time pressure; student
construction safety quiz with time pressure versus an online construction performance; construction
safety quiz without time pressure. Two versions of an online construction management
safety quiz are developed and administered to randomly assigned
engineering students based on a quasi-experimental post-test design.
The findings contribute to scenario-based learning and assessment of
construction safety in four ways. First, the results confirm earlier findings
that ‘intrinsic stress’ does not seem to impair students’ performance.
Second, students who carry out the online construction safety quiz
with time pressure are less likely to ‘learn by trial and error’. Third,
students exposed to time pressure appreciate that they become
better prepared for real life. Finally, preparing students to work under
time pressure is an important industry requirement. The results of this
study should encourage engineering educators to explore and
implement ways to include time pressure in scenario-based online
quizzes and learning.

KEYWORDS

1. Introduction
1.1. Time pressure and construction safety

Many construction engineering activities are performed under time pressure. This inevitably has an
impact on an engineer’s attitude and performance and, therefore, also on construction safety. Time
pressure and its negative impact on construction safety have already been shown (Bahn 2009). These
may even cause field supervisors to consciously pursue unsafe situations in order to save time
(Garrett and Teizer 2009). Poor management commitment, which may be a result of time pressure,
has been also identified as an important reason for construction accidents and construction fatalities
(Teo, Ling, and Chong 2005; Ling, Liu, and Woo 2009; Garrett and Teizer 2009; Hu et al. 2011). In a
recent study, a modified loss causation model was applied in order to analyse 140 fatal construction
accidents in Singapore. It was concluded that most job factors which contributed to the accidents
were the responsibility of the site manager (Miang 2004, 52). Although knowledge and procedures
stemming from the site manager are an important first step towards hazard identification on con-
struction sites (Carter and Smith 2006), the less obvious and difficult-to-quantify construction man-
agement beliefs and attitudes (Jaeger and Adair 2010; Zou 2011), and the resulting behaviour,
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have a major impact on construction safety (Duff et al. 1994; Fitzgerald 2001; Koh and Rowlinson
2011).

In addition, negligence, passivity, and training inadequacies have been identified as having major
impacts on construction safety (Garrett and Teizer 2009). This is especially true of negligence and pas-
sivity which may be the result of time pressure on construction sites. Although construction/site man-
agement is one of the two most cost-effective safety programme elements (Hallowell 2010), it may be
the most vulnerable element to time pressure.

1.2. Construction safety in construction management education

Although not all construction safety issues are a consequence of time pressure, it needs to be noted
that safety training is sometimes fairly unreal in that it focuses exclusively on safety issues (Smith and
Arnold 1999, 265-270) and ignores a real-life context including time pressure. Safety training, which is
primarily based on safety regulations, does not lead to the required improvement of safety on con-
struction sites (Gibb et al. 2006). Al-Mufti (1999) suggested the inclusion of social and psychological
aspects into construction training. This inclusion and the integration of safety issues into the con-
struction management units were achieved by implementing innovative assessment techniques
(‘Zero tolerance assessment’ and 360 degree feedback via the World Wide Web’) at the University
of Portsmouth, and students’ attitude towards safety and their knowledge of safety improved signifi-
cantly (Petersen, Reynolds, and Ng 2008).

For construction managers in real-world situations, safety issues are side issues interwoven into
other activities which are usually given priority. This is especially true in situations of intensifying
time pressure and students should be required to learn how to reconcile and manage such conflict-
ing constraints (Jonassen, Strobel, and Lee 2006). The authors of this paper propose to supplement
safety training with simulations of real-world construction situations, which include time pressure.

Scenario-based online quizzes, that is, online quizzes based on real-life scenarios (Raghavendra
and Rajini 2012) have been found to have advantages over traditional quizzes since they combine
the advantages of computer-based assessments (Mattheos et al. 2008) with the advantage of assessing
skills and knowledge required for real-life situations (i.e. industry expectation; Nair and Patil 2008;
Jaeger and Adair 2010). This makes scenario-based online quizzes a suitable assessment strategy for
construction safety training. However, it produces the question, ‘how does built-in time pressure in
scenario-based online construction safety quizzes affect the students’ performance’?

The remainder of the paper summarises the background regarding time pressure in learning, fol-
lowed by the research purpose, method, discussion, and conclusions.

1.3. Time pressure and its impact on students’ performance

Learning environments may produce different sources of stress such as academic workload, too
many tests, difficult courses, examination grades, and lecturer characteristics (Ong and Cheong
2009). Stress is caused when students perceive the knowledge to be acquired as too extensive
and, at the same time, they perceive the available time to acquire the knowledge as being inadequate
(Carveth, Gesse, and Moss 1996). However, it has been shown that stress in academic institutions can
have both positive and negative consequences dependent on how stress is managed (Stevenson and
Harper 2006).

Looking at the learning process, Goodie and Crooks (2004) showed the literature includes substan-
tial evidence for time pressure leading to more heuristic processing, but the literature also shows that
this does not necessarily mean worse performance. Furthermore, Goodie and Crooks (2004) proved
experimentally that time pressure may lead to an improved performance. Time pressure has the
potential to improve learning and memory formation in spite of a common perspective that time
pressure has a negative impact (Bisaz, Conboy, and Sandi 2009).
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Finally, it should not be overlooked that many researchers in the field of behavioural science con-
cluded that the topic of stress, of which time pressure is a major cause, requires more research (Agolla
2008) and that the effect of stress on memory and learning is very variable (Shors 2006; Zoladz, Park,
and Diamond 2011). Therefore, it seems necessary to test the impact of increased time pressure on
students’ performance when carrying out an online construction safety quiz with time pressure
versus an online construction safety quiz without time pressure.

2. Purpose

The purpose of this study is to answer the following teaching and learning questions:

(1) On comparing the two versions of scenario-based online construction safety quizzes: Does the
version with time pressure reduce students’ performance?

(2) For both, the online quiz with time pressure and the online quiz without time pressure: What are
the relationships between variables that influence students’ performance on the one side, and
the students’ performance on the other side?

The most important influential variables as identified by the instructor who applied the online
quizzes were:

e Number of attempts until students derived correct reactions according to OSHA (OSHA 2012);
¢ Students’ motivation to derive correct reactions according to OSHA (OSHA 2012);

o Students’ perception of online quizzes’ ease of use; and,

o Students’ perception of a need to learn new concepts.

(3) Do these influential variables influence the students’ performance differently between the online
quiz with time pressure versus the online quiz without time pressure?

(4) Which set of influential variables best predicts the students’ performance when carrying out the
online quiz with time pressure?

3. Method

The following sections describe the experimental design, nature, and size of the sample, the exper-
iment, and its results.

3.1. Design

The study is based on a quasi-experimental post-test design which compares the students’ perform-
ance of an experimental group (i.e. a group of students exposed to the online quiz with time pressure)
with the performance of a control group (i.e. a group of students exposed to the same online quiz, but
without time pressure). The time pressure for the experimental group was caused by the count-down
of a given time limit and reoccurring on-screen messages which strongly suggested that the student
should speed up. Pre-tests with three average-performing volunteering students who were not part
of the experiment were carried out in order to ‘calibrate’ the time limit in a way that allowed merely
enough time to understand the scenario and to give prompt answers and, thereby, confirmed the
effectiveness of the generated time pressure. The resulting time limits for the scenarios varied
from 45 to 120 seconds since the scenarios included tasks of different complexity. However, the
time limit selected should not be overestimated for the research questions considered here. For
the questions considered here, it is merely important that the experimental group is exposed to
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more time pressure than the control group. The impact of different intensities of time pressure is
beyond the scope of this study and could be considered for future research.

3.2. Sample

The population comprised 58 students who were in their second year of a university engineering
course, with the students randomly assigned to the experimental and the control groups. Three stu-
dents dropped out which led to a response rate of 95%. Although the sample size of both, experimen-
tal and control groups, is smaller than suggested by the rule of the thumb that says that a sample
should have at least a size of 30 (Hauschildt and Hamel 1978, 237), it was considered here that
the quality of survey results was found to improve insignificantly beyond 20 respondents (Zahn
1993). Furthermore, and since both groups show similar results in other assessment tasks and
both groups were exposed to the same preparation for the experiment, the research situation
meets the requirements for a quasi-experiment (Beins 2009, 102). Therefore, the small sample sizes
were considered sufficient given the exploratory character of the research presented here. The
average students’ age of the sample was 21.5 years, 58% of the students were male, and none of
the students had any construction site experience through internships or work assignments.

All students came from a comparable socio-economic background and were used to a competitive
learning environment. During their preceding secondary education, students had chosen science as
their major, and they passed a university entrance examination with 70% or higher in order to be
admitted to the university’s engineering course.

3.3. Experimental situation

Within the same teaching week and as part of the students’ formative assessment, both groups were
exposed to in-house-developed online quizzes written using the JAVA programming language. In
contrast to the online quiz without time pressure (control group), the online quiz with time pressure
required the students of the experimental group to carry out a short English proficiency test based on
an internet-based online test (Exam English 2012). This resulted in an English proficiency index which
was used by the online quizzes to determine the available time for each of the 16 scenarios (i.e.
extend of time pressure) and, hence, reduced the influence of varying levels of English skills on
the students’ performance.

For both groups of students the scenarios were identical and included personalised ‘real-world’
questions (e.g. ‘Your boss is asking you: How many courses of brickwork are finished?’, etc., Figure 1)
which students were asked to answer based on displayed images (taken from OSHA 2012). These ques-
tions served as ‘distraction from safety awareness’ in order to simulate ‘real-world’ situations where
construction personnel are focussing more on productivity and quality rather than on safety. Construc-
tion safety aspects were added by three multiple-choice questions, introduced with, ‘By the way, what
else would you do looking at the displayed situation?’ For all scenarios, the given choices regarding
safety aspects included choices which were correct orincorrect (based on previously learnt safety regu-
lations), and they presented conflicts regarding time and cost, similar to situations students will face at
the work place. After responding to all questions, students had extra time to click on ‘Get feedback’ in
order to receive feedback on their answers. In case they provided an incorrect answer, the program did
not reveal the correct answer, but provided a question that facilitated students’ rethinking process.

Finally, both groups of students were required to complete a questionnaire in order to evaluate
the influential variables and, in order to increase reliability, students were asked to give a reason
for each evaluation. In order to measure the learning outcome, students had to complete a quiz com-
prising 32 True/False questions related to construction safety issues which were part of the previously
simulated scenarios.
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| Safety Simulator MR 2 T T -_— (el sl

Scenario 1:- Your boss is asking you: '
'How many courses(layers)
did the bricklayers finish |
above the wall openings? l
Your answer:
courses

By the way, what else will you do?
1 will

[ add toeboards to the platform
install a midrail between the platform and the toprail
order the workers to wear 'Personal Fall Arrest Systems'(PFAS)

GET FEEDBACK

Copyright 2011 UTas

Figure 1. Construction safety simulator surface.

All students of both groups had been exposed to the same lecture carried out by the same lecturer
on construction safety, one week prior to the experiment and supervised during their online quiz by
the same teaching staff in order to avoid bias.

3.4. Variables

Since there are no data available across the years and since the structures of the different cohorts are
not necessarily comparable, Lucas's (1997) recommendation of receiving direct feedback on the
learning activity was used. The students’ performance (dependent variable, named score) was
measured by the resulting score of the True/False quiz. Schernhammer et al. (2004) have pointed
out some difficulties involved in measuring variables that reflect subjective perceptions. Therefore,
following the approach of Ponzurick, Franceand, and Logar (2000), who justified measuring students’
satisfaction through a single item, it was decided to measure students’ perception of motivation
towards giving correct answers as a single item on a 5-point Likert response scale. Single-item
measures have been recommended before (Rossiter 2002) and it has been shown that constructs
such as perceptions can be measured reliably by single-item measures (Bergkvist and Rossiter 2007).

Table 1 shows a description of the influential variables, their names as they are used in the follow-
ing, and the scale which was used for measurement.

Table 1. Influential variables.

Influential variable Variable name scale
Number of attempts to answer correctly attempts real number
Motivation to give correct answers motivation 5 points response scale
(1= very low, 5= very high)
Simulator ease of use ease of use Yes, No

New aspects required to be learned new aspects Yes, No
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Table 2. ANOVA of students’ performance and influential variables by simulator version.

with time pressure without time pressure
Mean SD N Mean SD N F-value F crit P-value
score 22.14 3.67 28 22.26 2.960 27 0.017 4.023 .90

Table 3. Correlation of influential variables with the students’ performance for each simulator version.

with time pressure Sample Size P-Value without time pressure Sample Size P-Value
attempts 0.03 28 0.90 0.23 27 0.77
motivation 0.38 28 0.09 —0.15 27 0.26
ease of use —-0.08 28 0.68 —0.07 27 0.34
new aspects —0.34 28 0.14 —0.08 27 0.46

Finally, the students’ general interest in construction management (interest) and their gender
(gender) were recorded and considered to replace pre-test measures. The general interest was
measured based on a 5-point Likert response scale (1 =very low, 5= very high).

4. Analysis of data and results

Data analysis was carried out using Microsoft Excel’s data analysis add-on. In order to reveal potential
differences between the experimental group and the control group, the two pre-test variables (inter-
est, gender) were analysed by applying an analysis of variance (ANOVA). Because of the small sample
sizes (WHO 2001, 82), the confidence interval has been set at p =.90, which means here that no sig-
nificant differences were found and aspects which may have threatened the validity because of a
possible selection bias were controlled.

To answer the first research question, an ANOVA was applied to compare the students’ perform-
ance between the two student groups. The mean value, sample size N, and standard deviation SD are
shown for the experimental and the control groups (i.e. students under time pressure and students
without time pressure), and the F-value (i.e. the ratio of between-groups variance and within-group
variance), the critical F-value (i.e. F-values above the critical F-value indicate a significant difference),
as well as the confidence interval P underlying the critical F-value are shown in Table 2. The result
shows that the inclusion of ‘real-world’ time pressure did not significantly reduce students’ perform-
ance when carrying out the online quiz with time pressure. Furthermore, the very low F-value con-
firms the homogeneity of the groups of students considered here.

The second research question was aimed at exploring the relationships between the influential
variables (attempts, motivation, ease of use, new aspects) and the students’ performance (score)
for both online quiz types. Table 3 shows that the number of attempts does significantly not correlate
with the students’ performance and the other three influential variables show insignificant corre-
lation with the students’ performance when carrying out the online quiz with time pressure. Further-
more, all influential variables show insignificant correlations with the students’ performance when
carrying out the online quiz without time pressure.

The third research question explores if there are any differences of influence on the students’ per-
formance dependent on the online quiz type. Table 4 contains the results of an ANOVA and shows

Table 4. ANOVA of students’ performance and influential variables by simulator version.

with time pressure without time pressure
Mean SD N Mean SD N F-value Ferit P-value
attempts 43 3.65 28 41 3.87 27 3.506 4.023 07
motivation 3.89 0.74 28 3.81 0.85 27 0.135 4.023 71
ease of use 414 1.67 28 4.36 15 27 0.392 4.023 53

new aspects 4 1.76 28 3.77 1.88 27 0.144 4.023 71




EUROPEAN JOURNAL OF ENGINEERING EDUCATION e 247

Table 5. Regression analysis of influential variables on students’ performance for simulator with time pressure.

Beta standardised coefficients t-value P-value
Intercept 5.69044E-16
attempts 0.023 0.122 .90
motivation 0.333 1.751 .09
easeof use 0.081 0417 .68
new aspects —0.299 —1.525 14
Notes: Model F=1.644383763 (Fi;=0.19721518);

df=4.
Total R square =0.2223828.

that there are no significant differences regarding the shown influential variables on students’
performance.

To answer the fourth research question, ‘Which set of influential variables best predicts the stu-
dents’ performance when applying the online quiz with time pressure?’, a multiple regression analysis
was carried out. Table 5 depicts the result and shows that only the variable attempts plays a signifi-
cant role in contributing to high scores when applying the online quiz with time pressure.

5. Discussion

The performance (i.e. quiz results) of students who carried out the online quiz with time pressure has
been shown to be essentially the same as the performance of students who carried out the online
quiz without time pressure. This may point towards an overestimation of time pressure as a negative
factor for learning, which would confirm earlier findings which have shown that time pressure has in
fact not necessarily a negative effect on learning (Goodie and Crooks 2004). The frequency of reasons
the students gave in support of their perception that the online quiz caused stress confirms the felt
impact of time pressure: The largest group (10 out of the 28 students) who carried out the online quiz
with time pressure made explicit remarks related to the feeling of time pressure, followed by 6 stu-
dents who found the tasks difficult and a variety of other reasons. This was contrary to the students
who carried out the online quiz without time pressure; they mentioned neither time pressure, nor any
difficulty of tasks. At the same time, 7 (out of 28) students who carried out the online quiz with time
pressure mentioned that the quiz prepared them better for their professional life than lectures about
construction safety. Among the students who carried out the online quiz without time pressure, there
were only 2 (out of 27) students who made remarks along the same line. In line with previous
research (Bisaz, Conboy, and Sandi 2009), the results show that time pressure has the potential to
improve learning and memory formation in spite of a common perspective that time pressure has
a negative impact (Bisaz, Conboy, and Sandi 2009).

The result for the second research question, that is, the number of attempts has essentially no
influence on students’ performance when carrying out the online quiz with time pressure, may be
interpreted as follows. The online quiz with time pressure did not allow for ‘trial and error’ in order
to choose the correct answer. This confirms also that the set time pressure was adequate. Although
the remaining correlations between influential variables and students’ performance were found to be
insignificant, they may be considered pointing towards two interesting trends, which may be
suggested for further research. First, whereas the number of attempts which were necessary to
reach a correct answer had basically no influence on the performance for students who carried
out the online quiz with time pressure, the number of attempts correlated higher than the other
three influential variables for students who carried out the online quiz without time pressure. This
confirms the previous interpretation of a tendency of students to prefer ‘learning by trial and
error’ if they are not exposed to time pressure. Secondly, the correlation of motivation with the
score for the two online quiz versions is converse. The motivation of students under time pressure
contributed to high performance, whereas this was the opposite for students who were not under
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time pressure. Because there was no time pressure and only a limited number of possible answers,
the students tended towards ‘trial and error’, and their motivation to give acceptable answers
became less important for high performance. This confirms Bisaz, Conboy, and Sandi (2009) and
others (Joéls et al. 2006; Sandi and Pinelo-Nava 2007) who found that in general ‘intrinsic stress’
(caused by elements of the cognitive task that cause stress) seems to have a positive impact on
learning.

The results related to the third research question show no significant difference between the two
groups regarding the influential variables. Contrary to what may have been expected based on pre-
vious research that showed a correlation between students’ performance and the perceived ease of
use (Schneberger, Amoroso, and Durfee 2007), the ease of use was not perceived lower for the online
quiz with time pressure. This may also be considered a consequence of the relatively low level of time
pressure. Further research with various stages of increased time pressure would need to confirm this
interpretation.

Furthermore, the fact that the test with time pressure did neither lead to significantly fewer
attempts, nor did it lead to reduced performance, may be interpreted with the chosen, low-level
time pressure. Students did not feel a need to skip questions, and they were still able to perform
high. The regression model, carried out to answer the fourth research question, indicates that
attempt is the only influential variable which significantly predicts students’ performance when car-
rying out the online quiz with time pressure. This confirms the previous interpretations and highlights
the importance of calibrating the time limits for each scenario to a level which does not encourage
‘trial and error'.

In summary, the results show that an increased time pressure in order to reflect scenarios more
realistically does not impede students’ performance. Furthermore, students who carried out the
online quiz with time pressure appreciated more frequently the fact that they become better pre-
pared for ‘real life’ than students who carried out the online quiz without time pressure. Although
the primary intention for the development of an online quiz with time pressure was the improvement
of the reflection of ‘real-world’ scenarios, the results here indicate also a necessity for the inclusion of
an adequate level of time pressure, in order to avoid ‘learning by trial and error’. Finally, the online
quiz with time pressure contributes to meeting an important industry requirement, namely, prepar-
ing students to work under time pressure (Nair and Patil 2008; Gavriloski, Jovanova, and Kaemper
2012).

5.1. Limitations

The following potential threats to validity of results have been identified. The construct validity of the
research presented here might be limited since measuring motivation and ease of use are difficult
concepts which can only be captured with subjective measurement instruments (Turner 1995). A
selection effect was avoided by assigning students randomly to the two groups and the ANOVA of
pre-test replacing variables confirmed the internal validity. The experimental design, which included
carrying out the experiment during normal class room times, avoided students dropping out beyond
the students who were missing on that day. A maturation effect caused by familiarisation and matur-
ing was avoided by carrying out the experiment for all students of the same group at the same time.
Concerning the external validity it can be expected that the results of the study are to some degree
representative for the category of students found here. Students with different educational back-
grounds, fields of study, and socio-economic contexts may lead to different results. Furthermore,
since it was the first time for the students to carry out the online quiz, it may have caused a
Hawthorne effect (modification of their perception as a reaction to the fact that they are studied)
in the students which may have influenced their perception of motivation and ease of use. The
exploratory character of the research presented here and the relatively small sample size need to
be recognised and following further investigations might lead to more generalised future results.
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6. Conclusion

This study was designed to compare the performance of students carrying out a scenario-based
online construction safety quiz with time pressure, with those carrying out a scenario-based online
construction safety quiz without time pressure. Furthermore, the influence of the necessary
number of attempts until students derived an acceptable reaction, their motivation to score high,
the online quizzes’ ease of use, and aspects students perceived to be necessary to learn (influential
variables) were analysed.

The results and findings of this study contribute to scenario-based learning of construction safety
in different ways. First, this research confirms earlier findings that ‘intrinsic stress’, as it is caused by
time pressure, does not seem to impair the students’ performance. Secondly, students carrying out
the online quiz with time pressure seem to be less prone to ‘learn by trial and error’. Thirdly, students
exposed to time pressure appreciated that they become better prepared for real life. Fourthly, the
online quiz with time pressure contributes to meeting an important industry requirement by prepar-
ing students to work under time pressure.

The results of this study should encourage engineering educators and institutions of engineering
education to explore and implement ways to include time pressure in scenario-based online quizzes
and learning.
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