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Abstract 

Measurement noise differs by instrument and limits the validity and reliability of findings. 

Researchers collecting reaction time data introduce noise in the form of response time latency 

from hardware and software, even when collecting data on standardized computer-based 

experimental equipment. Reaction time is a measure with broad application for studying 

cognitive processing in communication research that is vulnerable to response latency noise. In 

this study, we utilized an Arduino microcontroller to generate a ground truth value of average 

response time latency in Asteroid Impact, an open source, naturalistic, experimental video game 

stimulus. We tested if response time latency differed across computer operating system, 

software, and trial modality. Here we show that reaction time measurements collected using 

Asteroid Impact were susceptible to response latency variability on par with other response-

latency measuring software tests. These results demonstrate that Asteroid Impact is a valid and 

reliable stimulus for measuring reaction time data. Moreover, we provide researchers with a low-

cost and open-source tool for evaluating response time latency in their own labs. Our results 

highlight the importance of validating measurement tools and support the philosophy of 

contributing methodological improvements in communication science. 
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The Accuracy and Precision of Measurement: Tools for Validating Reaction Time Stimuli 

A limitation encountered when conducting empirical research is related to the accuracy 

and precision of measurement. The noise associated with any measure is likely to differ by 

instrument and acts as a bottleneck for the level of depth and sophistication of scientific inquiry. 

The validity and reliability of an instrument’s measure also constrains the insights and 

contributions capable of being drawn from it. Thus, in order to effectively test, falsify, and 

contribute to communication science, valid and reliable measurement is required. 

A related concern focuses on researcher’s ability to extract meaningful signals from 

noise. Controlled experiments that use computer-based instruments are vulnerable to noise from 

various sources within their hardware and software. This noise can lead to inaccurate data and 

conclusions, which may result in inconsistent research findings. Such inconsistencies can 

potentially undermine replication efforts, and contribute to false-positive (or negative) findings 

in empirical science (Plant, 2016). One way of correcting for the potential noise in a measure is 

to validate an instrument’s measurement accuracy. 

A reaction time measurement tool has been recently implemented in Asteroid Impact 

(Huskey et al., 2018), an open source, naturalistic, experimental video game stimulus. In line 

with previous research (Neath et al., 2011; Schubert et al., 2013), this study used specialized 

hardware to establish a ground truth of measurement error for the reaction time measurement. In 

this research note, we briefly discuss the importance and widespread use of reaction time 

methodology, highlight current issues in using reaction time measures, and present a tool to 

assess response time latency. We then apply this hardware to test reaction time accuracy in 

Asteroid Impact while systematically varying operating systems (macOS, Windows 10, Ubuntu 

18.04), Python versions (Python 2, Python 3), and trial modalities (audio, visual). Results show 

https://www.zotero.org/google-docs/?iQX9PB
https://www.zotero.org/google-docs/?0wstXV
https://www.zotero.org/google-docs/?YRry2L
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that each of these factors contributes to measurement accuracy. The results highlight the 

importance of validating measurement tools and are discussed in terms of how methodological 

improvements contribute to communication science. 

Reaction Time Measures in Communication 

Reaction time measures in communication have contributed to a vast breadth of research 

findings across various topics. Lang and colleagues (e.g., Lang et al., 2006; Lang & Basil, 1998) 

have conducted path breaking research to validate reaction times as a measure of cognitive 

processing during media use. These measures have been critical to testing theories on cognitive 

resource availability, including Lang’s Limited Capacity Model of Motivated Message 

Processing (LC4MP; Lang, 2017). To date, more than 50 studies (Huskey et al., 2020) have used 

reaction times to test various components of the LC4MP (for a review, see: Fisher, Huskey, et 

al., 2018; Fisher, Keene, et al., 2018). 

Reaction times have also been used to measure levels of aggression after exposure to 

violent media (e.g., Anderson & Dill, 2000; but see: Ferguson et al., 2008), attentional dynamics 

during naturalistic video game play (Weber et al., 2018), perceptual and cognitive load during 

media use (Fisher et al., 2019), moral judgments when evaluating media characters (Matthews, 

2019), cognitive elaboration during persuasive message processing (Wilcox et al., 2020), and 

attentional allocation during flow experiences (Huskey et al., 2018). This brief (and certainly not 

exhaustive) summary of research showcases the versatility and expanse of reaction time 

measures in communication science. In fact, modern efforts increasingly situate reaction times in 

naturalistic behavioral tasks, such as when watching media stimuli or playing a video game 

(Lang, 2006; Mathiak & Weber, 2006). 

https://www.zotero.org/google-docs/?56KH1i
https://www.zotero.org/google-docs/?fKTxon
https://www.zotero.org/google-docs/?eilhXY
https://www.zotero.org/google-docs/?7IuDik
https://www.zotero.org/google-docs/?7IuDik
https://www.zotero.org/google-docs/?UXUC7S
https://www.zotero.org/google-docs/?4sF7BU
https://www.zotero.org/google-docs/?4bCWq1
https://www.zotero.org/google-docs/?HYClWv
https://www.zotero.org/google-docs/?HYClWv
https://www.zotero.org/google-docs/?N449nK
https://www.zotero.org/google-docs/?DOiQmZ
https://www.zotero.org/google-docs/?V3wfv9
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Using Asteroid Impact to Measure Reaction Times 

Asteroid Impact (Huskey et al., 2018) is an experimental, open source, and naturalistic 

video game stimulus for communication scientists. The software uses an embedded reaction time 

tool to capture secondary task reaction time measures (STRT; Lang et al., 2006; Lang & Basil, 

1998). Briefly, STRTs are reaction times that are collected when participants are simultaneously 

engaged in a primary and secondary task (Lang, 2009). In Asteroid Impact, a participant’s 

primary task is to collect targets (crystals) while preventing their spacecraft (mouse cursor) from 

being hit by flying asteroids. The secondary task is, by comparison, to press a keyboard key in 

response to an auditory or visual stimulus. The time between the onset of the stimulus and the 

participant’s response constitutes the STRT measure. Theoretically, STRT measures resources 

available during message processing (Lang et al., 2006; Lang & Basil, 1998). However, response 

latency within computer-based measuring equipment confounds the accuracy and precision of 

the STRT measure. 

Sources of Response Latency Noise 

Response latency remains a universal and pervasive problem in computer-based 

experiments. The widespread use of standardized experimental hardware and software 

overshadows its highly variable nature (Plant, 2016). Both computer hardware and software can 

contribute response latency noise, and random, uncontrolled response time latency is problematic 

because it constrains the precision of the measures being taken. The resolution for this problem 

heeds what Plant (2016) has recommended for all researchers: to self-validate computer-based 

experimental measuring instruments. 

https://www.zotero.org/google-docs/?7evZNA
https://www.zotero.org/google-docs/?AGr21V
https://www.zotero.org/google-docs/?AGr21V
https://www.zotero.org/google-docs/?49X4lX
https://www.zotero.org/google-docs/?oYAcom
https://www.zotero.org/google-docs/?PybYEG
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Microcontrollers as Validation Tools 

In light of the potential issues with using computer-based measuring equipment, one 

fundamental question emerges: How can researchers account for response latency noise 

associated with their measuring tools? The answer can be found by looking to a specialized piece 

of hardware known as an Arduino microcontroller. 

The Arduino microcontroller (or simply “Arduino”) is an electronic computer device 

built with hardware and software from Arduino, a global open-source project based at the 

Interaction Design Institute Ivrea, in Italy. Arduinos contain a microprocessor capable of 

performing basic computing functions such as sending and receiving electrical inputs. The utility 

of the Arduino stems from its open-source programming that allows users to tailor its 

functionality to their specific needs. Arduinos are often combined with external sensory-modality 

equipment such as photoresistors, microphones, LEDs, and buzzers. A unique feature of the 

Arduino stems from its reliable and near-instantaneous processing speed that makes it an ideal 

tool to test for response latencies in computer equipment. In fact, previous research shows that 

Arduino boards can even be used to track and test the response latencies of equipment by 

emulating a keyboard or mouse (Neath et al., 2011; Schubert et al., 2013). 

The Current Investigation 

Asteroid Impact has been used as an experimental platform to support research in 

communication science, but its reaction time measure has not yet been extensively validated. Our 

study addresses this gap by testing how different software configurations contribute to response 

time latencies (which can be understood as a source of measurement error) in Asteroid Impact. 

To test this question, we used an Arduino Leonardo microcontroller to capture response time 

latencies in Asteroid Impact’s reaction time measure across computer operating systems (macOS, 

https://www.zotero.org/google-docs/?GrexrI
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Windows 10, Ubuntu 18.04), Python versions (Python 2, Python 3), and trial modalities (audio, 

visual). Ideally, these response time latencies will have a small mean and variance, which would 

indicate that Asteroid Impact is accurate in measuring reaction times. We expect these response 

latencies to be in line with previous research (Neath et al., 2011; Schubert et al., 2013). The 

results from this study will help to establish a ground truth of measurement error for 

experimental configurations running Asteroid Impact. 

Method 

Open Science Practices 

This study adopts open science practices (Bowman & Keene, 2018; Dienlin et al., 2020; 

Lewis, 2020) by making the materials, data, and code necessary to reproduce this study available 

on GitHub (https://anonymous.4open.science/r/8b618f1e-6cf4-4bdd-9e3b-4058a37bfb53/). Our 

stimulus is open source (https://github.com/cogcommscience-lab/asteroid_impact), as is our 

hardware (https://www.arduino.cc/).  

Overview and Design 

We evaluated the response time latency of Asteroid Impact’s STRT measure across 

twelve unique experimental configurations. We programmed an Arduino microcontroller to 

function as an emulated keyboard during data-collection with the following factorial design: 3 

(operating system: macOS, Windows 10, Ubuntu 18.04) 𝑥 2 (Python version: Python 2, Python 

3) 𝑥 2 (modality: auditory, visual). The total response latency measure was defined as the time 

between reaction time trial (auditory, visual) onset and response from the Arduino. We 

monitored the consistency of the Arduino’s own response latency by programming it to start a 

timer when it detected a stimulus and stop it after it issued the keypress. This latency was 

measured at approximately 1/10 of a millisecond. Given that Asteroid Impact measures reaction 

https://www.zotero.org/google-docs/?IBWy3W
https://www.zotero.org/google-docs/?haDvwZ
https://www.zotero.org/google-docs/?haDvwZ
https://anonymous.4open.science/r/8b618f1e-6cf4-4bdd-9e3b-4058a37bfb53/
https://github.com/cogcommscience-lab/asteroid_impact
https://www.arduino.cc/
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times in milliseconds, any observed latency in reaction time recorded by Asteroid Impact reflects 

measurement error in the hardware and software configuration.  

Materials  

We programmed an Arduino Leonardo Microcontroller to function as an emulated 

keyboard that connected to a computer via micro USB. We programmed the Arduino using 

open-source software written in C/C++ functions. We created a circuit between the Arduino and 

an Elegoo MB-102 Breadboard by connecting jumper wires between the Arduino’s ground and 

power pins to the breadboard’s power rails. We then connected an Anmbest Microphone Sensor 

and a photoresistor directly onto the breadboard. We inserted a 10k ohm resistor to limit the 

electrical current distributed to the photoresistor and a 220k ohm resistor to the LED (Figure 1). 
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Figure 1 

Arduino Microcontroller-Breadboard Circuit.  A = Microphone sensor, B = Photoresistor, C = 

LED, D = Arduino Leonardo, E = Breadboard, F = 10k resistor, G = 220k resistor, H = Jumper 

wire, I = Micro USB port. 

 

Procedure 

The Arduino was programmed to scan the environment every millisecond for changes in 

either sound amplitude or luminance. During visual trials, the photoresistor was placed within an 
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inch of the laptop display and all other surrounding light sources were turned off. When the 

photoresistor detected a change that met the luminance threshold, the Arduino issued a keypress 

response to the laptop. During audio trials, the microphone sensor was placed within an inch 

above the laptop’s speakers. When the microphone detected a change in sound amplitude that 

exceeded the decibel threshold, the Arduino issued a keypress response to the laptop. Upon 

receiving the keypress response, Asteroid Impact would close the STRT prompt, delay for 3 

seconds, and repeat a new trial. We ran 100 trials for each of the twelve possible configurations 

(n = 1,200). 

Data Analysis 

We performed a 3 (OS) 𝑥 2 (Python version) 𝑥 2 (modality) ANOVA using the stats 

package in R (R Core Team, 2020). Pairwise comparisons were Tukey’s honest significant 

difference corrected to maintain acceptable FWER rates. 

Results 

ANOVA results showed a significant three-way interaction F(2, 1188) = 199.95, p < 

.001, η2 = .337 (Figure 2). Auditory trials using Python 3 on macOS had the lowest latency (M = 

44.6, SD = 8.4). Auditory trials using Python 2 on Ubuntu 18.04 had the longest latency (M = 

121.0, SD = 18.4; see Table 1). Raincloud plots of the main effects (all p’s < .001) are included 

to further characterize the distribution of results (Figure 3). 

 

 

 

 

https://www.zotero.org/google-docs/?Pp78Fz
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Figure 2 

Three-way interaction. Error bars represent the 95% confidence interval of the mean response 

latency. 
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Figure 3 

Raincloud plots for main effects. Outcome variable is the mean response latency. 
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Table 1 

Means, standard deviation, and 95% CI of the mean response latency. 

Modality Operating System Software Mean(SD), [95% CI] 

Auditory macOS Python 2 46.0(8.3), [44.4, 47.6] 

  Python 3 44.6(8.4), [43.0, 46.3] 

 Ubuntu 18.04 Python 2 121.0(18.4), [117.4, 124.6] 

  Python 3 83.2(12.5), [80.8, 85.6] 

 Windows 10 Python 2 68.6(7.3), [67.2, 70.0] 

  Python 3 66.6(5.9), [65.4, 67.8] 

Visual macOS Python 2 71.7(1.2), [71.5, 71.9] 

  Python 3 72.1(4.47), [71.2, 73.1] 

 Ubuntu 18.04 Python 2 56.6(7.3), [55.2, 58.0] 

  Python 3 62.9(4.1), [62.1, 63.7] 

 Windows 10 Python 2 57.0(11.2), [54.8, 59.2] 

  Python 3 58.1(10.3), [56.1, 60.12] 

 

Discussion 

We used an Arduino microcontroller to generate a ground truth value of average response 

time latency for twelve configurations of Asteroid Impact. Specifically, we measured the latency 

between the onset of reaction time trials and a response from the Arduino across operating 

systems, Python versions, and trial modalities. Our results showed that interactions between the 

factors had a significant impact on mean response time latency. These findings yield actionable 

results that are relevant to future researchers. Specifically, if primarily concerned with 

optimizing performance in Asteroid Impact to test auditory responses, then macOS is the optimal 

choice and Ubuntu 18.04 is the worst, regardless of Python version. If primarily concerned with 

optimizing performance in Asteroid Impact to test visual data, then Ubuntu 18.04 running Python 
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2 software is the best. However, Windows 10 is not markedly slower than Ubuntu 18.04 in this 

respect and runs more consistently (across both Python and modality), so it is a more balanced 

choice. Thus, if selecting a configuration for overall performance, with no preference for either 

data type, then Windows 10 appears best. 

More generally, what exactly do we mean by response latency? When we report a mean 

response latency, we are reporting the average time in milliseconds between the start and end of 

a reaction time trial in Asteroid Impact. Given that the Arduino microcontroller is capable of 

responding in 1ms or faster, any delay between the onset and offset of a trial is due to sources of 

noise within the system’s features. Our study attributes variance to three possible sources of 

noise (operating system, Python version, trial type). A larger mean response latency indicates 

that a given configuration has greater measurement error. This response latency would exist both 

before the stimulus appeared on the screen (e.g. latency of display to present image depends on 

refresh rate) and after the subject initiated a keypress (e.g. latency of AI software to receive and 

interpret the keypress). The fundamental issue with these errors is that they cloud researcher’s 

interpretations of the data and might mean the difference between attaining statistical 

significance or not. Of course, this is systematic error that applies equally across experimental 

conditions so long as the hardware and software remain constant. Nevertheless, the interpretation 

of our response time latency results can be boiled down to the oxymoron, “less is more” meaning 

that small means and standard deviations indicate better performance across the configuration.  

Limitations  

One major design limitation was testing each operating system on a different laptop 

computer. While the hardware specifications across the three laptop computers were roughly 

comparable, the lack of experimental control for this introduced potential variation that we could 
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not account for. Indeed, the three-way interaction accounts for 33.7% of the variance in reaction 

times, which indicates that as of yet unexplored sources of error remain. While it is possible to 

install all three operating systems onto one computer (this would require a Mac), in practice, our 

study is more likely to reflect what happens day-to-day in the laboratory. Slightly different 

machines with slightly different hardware and software configurations are often treated as 

interchangeable during data collections, even when our results clearly show this is simply not 

true. If anything, our results should serve as a reminder to researchers that hardware and software 

standardization is of the utmost importance. Another limitation was the lack of control regarding 

noise from background programs running on the laptops. For instance, pop-up blockers, 

firewalls, anti-virus programs, updates, and other software/firmware running in the background 

of each laptop computer could have added latency artifact into the measures (Plant, 2016). 

Lastly, we did not specifically measure differences in display luminance, refresh rate, or sound 

quality across each laptop, which may have differentially affected the Arduino’s ability to detect 

auditory and visual trials. 

Despite these limitations we are encouraged to see that Asteroid Impact’s reaction time 

measures are comparable to other response-latency measuring software. Both ScriptingRT 

(Schubert et al., 2013), Matlab and Psychtoolbox (Neath et al., 2011) have mean response 

latencies ranging from 18-100 ms with small standard deviations below 10 ms. Several of our 

configurations produced response latencies within these limits (although all these tools are not as 

accurate as PsychoPy; Bridges et al., 2020). Moreover, these values are well below the speed at 

which the human visual system can detect and respond to complex visual perception tasks 

(Thorpe et al., 1996). Together, these results address two gaps in the literature. First, we provide 

an open source and easy to use tool for researchers to evaluate reaction time measurement 

https://www.zotero.org/google-docs/?RA3WD0
https://www.zotero.org/google-docs/?iM6Zaw
https://www.zotero.org/google-docs/?j0QioL
https://www.zotero.org/google-docs/?6Eq4Td
https://www.zotero.org/google-docs/?6Eq4Td
https://www.zotero.org/google-docs/?b36DNe
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latencies in their own lab. And second, we show that Asteroid Impact is an accurate and precise 

platform for measuring reaction times. 

Conclusion 

One final point we make is that method-driven contributions within communication 

science can be as rewarding and useful as theory-driven research. This idea is encapsulated by 

Greenwald (2012), who wrote: “There is nothing so theoretical as a good method.” In this paper, 

Greenwald notes the relationship between method and theory by showing that more Nobel prizes 

were awarded for method-driven contributions than for theory-driven ones in the past half 

century. This suggests that by pursuing better methods we can advance the depth of scientific 

inquiry and uncover novel research findings, thereby producing valuable theoretical 

contributions. We believe that the present research supports method-driven contributions to 

theory testing in communication science by providing an open source, affordable, and easy-to-

program device for measuring reaction time latencies. Moreover, our study shows that Asteroid 

Impact can be used as an accurate tool for measuring reaction time latencies in naturalistic (yet 

high-control) contexts.  

https://www.zotero.org/google-docs/?KafIdh
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