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Abstract—Public timekeeping devices such as analogue watch, 

digital watch and smart watch give several of accuracy as there 

are differences between the public time and the standard time. 

The consequence of having various accuracies in timekeeping is 

there will be difficulties in having reasonable agreement with 

other timekeeping devices when it involves public time-reference 

applications such as attendance system, car parking system, 

prayer timekeeping as well as making appointments and 

meetings. In this paper, public timekeeping accuracy has been 

determined. The data for this study is collected using 

questionnaire survey, in which the respondents are asked about 

the information of their timekeeping devices and accuracy. One-

way analysis of variance and independent t-test are used to 

determine the factors of that impact on public timekeeping 

accuracy. Our results show that type of timekeeping devices, 

gender differences and calibration of the devices have significant 

impacts on public timekeeping accuracy. The findings also 

indicate that public timekeeping accuracy for this study is 2.07 

min (S.D. ± 2.20 min). Differences ranged from -8.12 to +10.07 

minutes, with a median of 1.18 minutes. Overall, this study 

provides evidence that it is difficult for the public to perfectly 

match their time with the Malaysian Standard Time. With these 

findings in mind, policy makers should consider timekeeping 

accuracy among the public in order to define acceptable range in 

time-compliance. 

 

Keywords: Accuracy, Malaysian standard time, public 

timekeeping, timekeeping devices. 

I. INTRODUCTION 

Time is a practical necessity to manage activities in daily 

life such as getting to work on time. Public tell time through 

their timekeeping devices that will surely give various 

accuracy. Regulating the timekeeping devices in order to 

"keep" time accurate presents a great challenge, even with 

high-quality equipment.   

To date, very few studies have been done to investigate 

the timekeeping accuracy. Most of the studies in literature 

were specifically done in emergency medical system (EMS) 

services [1]-[5]. Therefore, most of the literatures on 

timekeeping studies come from research in medical area. 

For example, the finding stated in a study published by [5] 

that more than 50 percent of 152 timekeeping devices used 

in EMS differed from Coordinated Universal Time (UTC) 

for one or more minutes. The discrepancies between the 

timekeeping devices and UTC indicate that even in EMS, 

error could present, and this leads to life-threatening issues.  
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Consequently, it is certainly necessary to determine the 

timekeeping accuracy among the public. The reason is that, 

timekeeping accuracy could be important not only in 

medical services but also when involves some important 

public time-reference applications (Fig. 1) such as 

appointments and meetings [6], attendance system [6], 

transportation [7], and prayer timekeeping [8]. These time-

reference applications have been used by the public all over 

the world. 

 
Fig.1. Example of public time-reference applications 

 

The objectives of this paper are to investigate the public 

timekeeping accuracy and to examine the factors that 

contribute to the difference between public time and 

reference time. The paper begins with a review of existing 

literature about public timekeeping, timekeeping devices 

and standard time used specifically in Malaysia. It then 

presents the data used for the analysis and describes the 

results of public timekeeping accuracy. Lastly, the paper 

concludes with a discussion of the findings and proposes 

suggestions for future public timekeeping accuracy studies. 

II. LITERATURE REVIEW 

A. Public Timekeeping 

Time can be defined as a physical quantity observed and 

calculated using timekeeper system known as mechanical 

clock, electrical clock and physical nature [6], [9]. 

Timekeeping can be defined as the act of using physical 

processes to measure and track time or frequency. Precise 

timekeeping, dissemination and synchronization have been 

some of the most essential technological errands for several 

centuries [10], [11].  

Personal timekeeping devices used by public in their daily 

life deviate from the reference time such as UTC and they 

resulted in the difference of time. It is financially 

impractical to build atomic clocks set to UTC into all type of 

timekeeping. It is commonly understood that device with 

better accuracy and stability is usually built by a more  
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expensive system. Differences can also be seen in time 

devices that are using similar system. As stated by [12] in 

his paper, two or more independent clocks are unable to 

keep the exact same time, and this can be proved by 

synchronizing a group of wristwatches and then check them 

again a month later. The wristwatches will show different 

times from each other by at least a few seconds. A group of 

cesium clocks can also be measured using the same method, 

and the time difference will be small, nanoseconds instead 

of seconds, but again, the clocks would not keep the perfect 

similar time [12]-[14]. 

B. Public Timekeeping Devices 

Historically, mankind was only counting time in the unit 

of days. It is a big timescale and varies according to the 

season. Since that, there are various inventions of clocks to 

carve the time of the day into shorter and more uniform 

increments. A clock is what does the counting of cycles or 

units of time. Time is measured by scales and users for 

different purposes, where the scales have been adjusted in 

order to meet changing needs or to improve accuracy [6]. 

Nowadays, there are various types of timekeeping devices 

that have been invented and used by the public for daily 

activities. Common examples include the digital watch, 

analogue watch, as well as smartwatch. These types of 

devices are dependable and easier to use and nearly 

everyone will look at the devices in order to get information 

of ―What time is it?‖. Each of the timekeeping devices has 

its own accuracy. Time accuracy can be defined as how well 

a timekeeping device agrees with UTC. In other words, time 

accuracy is depending on the synchronization of a 

timekeeping device to UTC [13]. 

C. Standard Time in Malaysia 

In Malaysia, National Metrology Institute of Malaysia, 

SIRIM, was assigned by the Malaysian Cabinet on August 

5, 1992 to be the national timekeeper (refer to Cabinet Note 

H 226/92) in which the Malaysia local time is officially 

named as Malaysian Standard Time (MST) (Fig. 2). SIRIM 

is responsible for maintaining the time interval standards, 

establishing the national atomic scale and defining and 

maintaining the regional UTC established by the BIPM as 

UTC (NLMS). In order to detect any abnormality or 

instability, the national atomic time scale is developed and 

maintained using five cesium atomic clocks which are 

compared to each other. The Malaysian atomic time scale is 

traceable to the International Atomic Time (TAI) due to its 

participation in the International Bureau of Weights and 

Measures GPS common view time transfer [15]. 

 
Fig.2. The figure above shows the example of MST 

clock from the website (Source: http://mst.sirim.my/) 

III. METHODOLOGY 

A. Questionnaire Surveys 

The survey used for this study was adapted from the study 

done by [4]. An online survey and face-to-face survey were 

conducted on January 2019 until June 2019. The questions 

were used for covering the various aspects of public 

timekeeping pertaining to the topic which include public 

timekeeping devices used by the public and calibration of 

their timekeeping devices. For the last question, a fill in 

question was asked about the accuracy of public 

timekeeping. The questions were created with minimum 

ambiguities, using clear and precise language. Thirty (n=30) 

persons were adequate to answer the questionnaire 

regardless of their background as pilot study. The face-to-

face survey questionnaire required self-completion by the 

public with the assistance of researcher. The pilot test 

suggested that the questionnaire was clear and 

understandable. 

B. Sample Study 

As the demographics of Malaysia are reflected by various 

ethnics, the three largest ethnics were selected for this study, 

which is Malay, Chinese and Indian (3). They sum up to 

almost 90% of the total 32.58 million population of this 

country excluding the non-citizens. The demographic 

compositions in Malaysia for 2019 are as follows; 62.5% of 

the populations are Bumiputera, 20.6% are Chinese and 

Indians account for 6.7%.   

Initially, 940 respondents involved in this study whom are 

randomly selected using online survey approach and face-to-

face survey. The online survey approach was chosen 

because it yields a higher response rate and the time taken to 

obtain the required data is faster [16]. Nevertheless, a total 

of 879 data out of 940 were valid for further analysis. 61 

responses were removed as they were detected as outliers. 

C. Demographics 

Table I shows a list of the respondents‘ demographic 

characteristics. Respondents for this study consist of 45.5 % 

male and 54.5% female. The respondents‘ age ranged 

between 20 and 30 years (60.8%), between 31 and 40 years 

(19.7%), between 41and 50 years (10.8%), and the 

remaining are aged above 50 years. This study is also 

represented by respondents who are working in government 

and private sector (63.3%), self-employed (8.1%), 

unemployment (8.3%) and students (20.4%). A majority of 

the respondent (76.1%) is Malay, and 17.4% and 6.5% are 

Chinese and Indian respectively.  
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Table- I: Respondents’ demographics 
Demographics Percent 

a) Gender 
Male 

Female 

 
45.5 
54.5 

b) Age 
20-30 years 
31-40 years 
41-50 years 

51 and above 

 
60.8 
19.7 
10.8 
8.7 

c)Occupation 
Employed 

Self-employed 
Unemployed 

Student 

 
63.3 
8.1 
8.3 

20.3 

d) Race 
Malay 

Chinese 
Indian 

 
76.1 
17.4 
6.5 

D. Procedure 

Respondents were asked to capture a photo of their 

timekeeping devices that display the time and MST in order 

to get the information about their timekeeping accuracy. Fig. 

3 shows the example of photo captured by one of the 

respondents. This is to avoid error while reading and 

recording the time. Besides this method is used to make sure 

that the time was recorded accurately [17]. The accuracy of 

the MST clock was initially checked before capturing the 

photo to make sure it is ±0.1 seconds accuracy. 

 
Fig.3. Example of photo captured by one of the 

respondents 

 

The difference was calculated by comparing the time 

shown by each public timekeeping devices and MST. The 

timekeeping accuracy, denoted by Δt, refers to the degree of 

correctness of the time displayed by public timekeeping 

device, t and MST, to. 

 Δt = | t – to|  (1) 

E. Data  Analysis 

The error of each timekeeping device sampled during 

each survey was measured and entered into Microsoft Excel 

(Microsoft Corporation). Intended for the calculation of 

means, standard deviations and median the absolute values 

of the time differences were utilized to avoid the problem of 

negative (slow) and positive (fast) times canceling each 

other [2].  

Data were analyzed using descriptive statistics, one-way 

analysis of variance (ANOVA) for evaluating differences 

among type of timekeeping devices and two tailed 

independent samples t-test for difference between two 

means. The result is said to be statistically significant if P ≤ 

0.05. Statistical analysis was performed using Stata versions 

14 (StataCorp).  

IV. RESULTS AND DISCUSSION 

The analysis focuses on the public timekeeping accuracy 

by type of timekeeping devices, gender as well as the 

calibration of public timekeeping devices. Table II shows 

the results of the public timekeeping accuracy by the type of 

timekeeping devices analyses using ANOVA and 95% 

confidence intervals (CI). Table III and IV show the results 

of the public timekeeping accuracy by gender and 

calibration of the timepieces analyses using independent t-

test and 95% CI respectively. 

A. Accuracy of Public Timekeeping Devices 

A total of 879 timekeeping devices were evaluated and 

compared to MST. Fig. 4 shows that of the 879 respondents 

surveyed, 534 (60.75%) reported using analogue watches, 

315 (35.84%) respondents reported using digital watches 

and 30 (3.41%) respondents reported using smartwatches. 

61%

36%

3%

Analogue
Watches

Digital
Watches

Smartwatches

 
Fig.4. Type of timekeeping devices used by the public 

 

Table II displays the variations from MST for public 

timekeeping devices; analogue watches, digital watches and 

smartwatches. One-way ANOVA has been used to 

determine whether the accuracy of timekeeping device can 

be influenced by type of timekeeping device. The results of 

the study present significance difference among the three 

types of timekeeping devices (P<0.05). 

A total of 534 analogue watches were evaluated for 

accuracy, and the results show that 2 (0.37%) analogue 

watches were similar with the MST. Differences ranged 

from -7.10 to +10.07 minutes, with a median of 1.35 

minutes. The absolute mean time difference from MST was 

2.37 minutes, with a standard deviation of 2.35 minutes.  

For digital watches, a total of 315 were evaluated for 

accuracy, with 23 (7.30%) showing the same time as MST. 

Differences ranged from -8.12 to +7.15 minutes, with a 

median of 0.82 minutes. The absolute mean time difference 

from MST was 1.73 minutes, with a standard deviation of 

1.89 minutes.  

Of the 879 respondents, 30 respondents used 

smartwatches as their timepieces, and the data were 

evaluated for accuracy, with 12 (40.00%) showing the same  
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time as MST. Differences ranged from -0.93 to +0.37 

minutes, with a median of 0.15 minutes. The absolute mean 

time difference from MST was 0.32 minutes, with a 

standard deviation of 0.35 minutes.  

Table- II: Variations from MST for timekeeping devices used by the public 
Timekeeping 

Devices 

Observations Mean ± S.D.*(min) Median (min) Range Slow Fast Exact 

Analogue watches 534 2.37 ± 2.35 1.35 -7.10 to +10.07 179 (33.52) 353 (66.10) 2 (0.37) 

Digital watches 315 1.73 ± 1.89 0.82 -8.12 to +7.15 168 (53.33) 124 (39.37) 23 (7.30) 

Smartwatches 30 0.32 ± 0.35 0.15 -0.93 to +0.37 14 (46.67) 4 (13.33) 12 (40.00) 

Values in parentheses are percentages; S.D.: standard deviation; -: slow; +: fast. 

* P<0.05 (ANOVA) 

 

Hence, of 879 timekeeping devices, only 37 timekeeping 

devices were accurate according to the MST; 2 (0.37%) 

analogue watches, 23 (7.30%) digital watches and 12 

(40.0%) smartwatches. Three hundred and sixty-one 

(41.07%) of the 879 timekeeping devices were slow, 535 

(60.86%) were fast and 37 (4.21%) were exact overall. 

The findings from this study confirm that the smartwatch 

is the most consistent timekeeping device with the MST. 

This was not necessarily an unexpected observation 

considering its integrated sensors and clock which 

frequently linked with the Internet or other devices [18]. In 

other words, the advantage of smartwatch to connect with 

other devices or Internet provides benefit to the user in term 

of accurate time as it is in synch with reference clock 

compared to analogue watch and digital watch. As long as it 

is connected to a network, time synchronization can be 

regularly updated thus, increasing the accuracy. As stated by 

[12], the accuracy of the timekeeping device would be better 

if the synchronization were automatic.  

B. Public Timekeeping Accuracy Based on Gender 

An independent t-test has been computed to measure 

mean difference of public timekeeping accuracy based on 

gender (Table III). The finding demonstrated there is a 

significant mean difference of public timekeeping error 

based on calibration of the timekeeping devices [DF = 

876.451, t = -2.207, P<0.05]. 

Table- III: Public timekeeping accuracy by gender 

Gender Observations Mean ± 

S.D.*(min) 

Male 400 (45.51) 1.89 ± 2.01 

Female 479 (54.49) 2.21 ± 2.34 

Values in parentheses are percentages; S.D.; standard 

deviation. 

* P<0.05 (Independent t-test)  

According to the above results, male respondents (1.89 ± 

2.01 min) are more accurate in term of timekeeping 

accuracy compared to female respondents (2.21 ± 2.34 min). 

To the best of author‘s knowledge, to date, no study 

investigated timekeeping accuracy in male and female. 

However, the results seen in the present study are in line 

with those of several studies on gender differences in time 

perception [19], time estimation [20], and reaction time [21], 

[22]. Although the findings in previous studies and present 

study shown that men are more accurate than women in 

time, on average, it has been concluded by many reviewers 

of gender differences that female is better than male on 

some verbal tasks whereas male is better than female on 

some spatial tasks [23]. 

C. Calibration of Public Timekeeping Devices 

A total of 642 (73.04%) respondents calibrate their 

timekeeping devices and 237 (26.96%) respondents did not 

calibrate their timekeeping devices (Fig. 5). An independent 

t-test has been computed to measure mean difference of 

public timekeeping accuracy based on calibration of the 

timekeeping devices. The findings demonstrate that there is 

a significant mean difference of public timekeeping 

accuracy based on calibration of the timekeeping devices 

[DF = 358.336, t = -1.149, P<0.05].  
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20
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Calibration

 
Fig.5. Percentage of respondents based on calibration 

of timekeeping devices 

 

By referring at the mean values, the mean score of public 

timekeeping error among the respondents for who choose 

‗No‘ (2.23 ± 2.53 min) significantly higher than who choose 

‗Yes‘ (2.01 ± 2.06 min) in term of calibration of 

timekeeping devices. 

Table- IV: Calibration of timekeeping accuracy by 

gender 

Calibration of 

Timekeeping Devices 

Observations Mean ± 

S.D.*(min) 

Yes 642 (73.04) 2.01 ± 2.06 

No 237 (26.96) 2.23 ± 2.53 

Values in parentheses are percentages; S.D.; standard 

deviation. 

* P<0.05 (Independent t-test)  

 

According to the results in Table IV, respondents who 

calibrate their timekeeping devices have better accuracy 

compared with the respondents who did not calibrate their 

timekeeping devices. This accuracy difference may be 

explained by the fact that the calibration of a timekeeping 

device may slow the process of clock drift although it could 

never eliminate the error continuously [14]. 
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D. Overall Public Timekeeping Accuracy 

The mean absolute difference from MST was 2.07 min 

(S.D. ± 2.20 min)and the median absolute difference was 

1.18 min. Time deviations from MST clock have been 

reported to range widely from -8.12 min to +10.07 min. 

Some studies have examined the timekeeping accuracy in 

medical service system. A representative study by [1] 

quantified the timekeeping error of emergency medical 

services (EMS) system staff is two minutes before the 

synchronization to the atomic clock standard. In that study, 

timekeeping devices used by EMS staff; firefighters, 

paramedics, emergency physicians and nurses were 

randomly sampled by comparing each timekeeping device 

with the atomic clock. Another study on timekeeping 

accuracy was done by [5] shows that the accuracy of 

timekeeping device in EMS was 1.45 minutes.  

In the present study, the same method as previous studies 

was used to determine the timekeeping accuracy but with a 

different sample population. The timekeeping accuracy 

specifically for the public was defined as the absolute 

difference between the time shown by public timekeeping 

devices; analogue watch, digital watch and smartwatch and 

the time shown by MST clock. The standard errors 

presented by the public timekeeping devices in this study 

demonstrate the public timekeeping accuracy. In [24] 

mentioned that accuracy of a timekeeping device is related 

to the difference between measured value and an actual 

value.  

The timekeeping accuracy determined in this study 

indicates that it is impossible for all timekeeping device to 

have perfectly exact time as MST. This has been explained 

by [13] in their book which setting the clock in practical 

could deviate from the idealism of clock setting principle. 

Ideally, if a timekeeping device has been set correctly and if 

the frequency of the timekeeping device remained perfect, 

the accuracy can be maintained indefinitely. However, in 

reality, due to the fact that each of timekeeping devices has 

its own errors, it is difficult to get perfectly accurate time for 

the timekeeping devices.  

It has been an incredible achievement to measure time 

accurately in a smaller time scale. However, as human try to 

compress more tasks in this smaller interval, they become 

too dependent to the accuracy of time. Frank Hope-Jones, 

one of the famous horologists, once wrote that ‗the root of 

the evil in timekeeping‘ was the independence of clock [25]. 

V. CONCLUSION 

In conclusion, the findings of this study indicate that the 

public timekeeping accuracy is 2.07 min (S.D. ± 2.20 min). 

The results show that timekeeping accuracy is significantly 

influenced by type of timekeeping devices, gender, and 

calibration of the timekeeping devices. This study indicates 

analogue watches have the highest absolute error compared 

to digital watches and smartwatches. While it is possible to 

get greater accuracy by using smartwatches, out of 879 

respondents, 534 (60.75%) respondents using analogue 

watches.  

This study also presents evidence that male respondents 

have better timekeeping accuracy than female respondents. 

Results from this study also indicate that respondents who 

calibrate their timekeeping device are associated with better 

accuracy than the one who do not calibrate their 

timekeeping devices.  

Future studies should focus more on many other factors 

that could contribute to the public timekeeping accuracy, 

such as frequency of timekeeping device calibration and 

reference used to synchronize the timekeeping device. 

Finally, timekeeping accuracy among the public should be 

considered by the policy makers in order to define range of 

acceptable leeway in time compliance.  
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