
Cartographic Perspectives, Number 111, FORTHCOMING

© by the author(s). This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0.

Number of Participants in the Application of Evaluation Methods . . .   –  Martins et al. | 1 

Vinicius Bergmann Martins 
Universidade Federal do Pampa 
viniciusmartins@unipampa.edu.br

Marcio Augusto Reolon Schmidt 
Universidade Federal de Uberlândia 

marcio.schmidt@ufu.br

Thalita Lopes Mascarenhas 
Universidade Federal do Paraná 

thalitamascarenhas@ufpr.br

Luciene Stamato Delazari 
Universidade Federal do Paraná 

luciene@ufpr.br

Number of Participants in the Application of Evaluation 
Methods for Digital Maps Accessed by Mobile Devices

PEER - REVIEWED ART ICLEDOI: 10.14714/CP110.1987

Determining the ideal number of participants to involve in usability tests of digital maps on mobile devices is challenging 
due to the specific context of mobile map use, including dynamic environments (indoor versus outdoor), interaction while 
in motion, small screens, and environmental distractions. This meta-analysis encompasses articles published between 
2010 and 2024, comparing evaluation methods (field testing, laboratory testing, and eye tracking), testing conditions, 
and the number of participants employed. The results indicate a predominance of small sample sizes, reflecting the wide-
spread adoption of compact usability studies, although adaptations are often required to address the specific demands of 
mobile contexts. We identify mobile-specific factors that may require hybrid approaches or larger sample sizes in certain 
scenarios, providing practical implications for sample size planning and the development of new methodologies for eval-
uating interactive digital maps.
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I N T R O D U C T I O N
It is common for researchers to take usability 
evaluation techniques from the study of human-comput-
er interaction and apply them to the study of map usage. 
However, these techniques do not cover all necessary as-
pects of the design of user testing procedures for maps. 
While many studies prioritize the identification of prob-
lems with interface design (Fogli et al. 2020, Bartling et 
al. 2021), researching map use usually requires examining 
a broader set of aspects than just the interface, such as 
users’ spatial perceptions, navigation behaviors, attitudes, 
and route choices (Chu et al. 2017, Matsuo et al. 2020, 
Vincent et al. 2022, Prandi et al. 2023).

In cartographic representations accessed via mobile devic-
es, usability evaluations must consider factors such as inter-
action while in motion, small screens, and dynamic usage 

contexts. Although some of these factors may also occur 
with static maps, they are more prevalent in mobile map 
use and introduce challenges that necessitate approaches 
specifically tailored to testing mobile maps (Çöltekin et al. 
2017, Schirmer et al. 2015, Swobodzinski et al. 2021). For 
example, tasks requiring users to identify points of inter-
est (POIs) on a map are often best supported by qualita-
tive methods, such as the think-aloud protocol (Rehrl et 
al. 2012, Fogli et al. 2020, Nair et al. 2022). Conversely, 
quantitative tasks that assess temporal efficiency and error 
rates are generally better suited to larger samples and are 
frequently complemented by questionnaires (Martins et al. 
2023). Although these methodological approaches are not 
exclusive to mobile map research, their selection in mo-
bile map usability studies is also inf luenced by whether 
the evaluation is conducted in a controlled environment, 
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such as a laboratory, or in an uncontrolled environment, 
such as a field setting (Liang et al. 2012, Kratz et al. 2010, 
Einfeldt and Degbelo 2021).

Amidst the complexities of measuring map use, it can be 
particularly challenging to determine the ideal sample size 
(Eraslan et al. 2016, Shah et al. 2024). Because of this, 
while a multitude of map use studies have been conducted, 
the number of participants in these studies varies consider-
ably. Many researchers have been influenced by the prem-
ise proposed by Nielsen in 1993, who asserts that five users 
can typically detect approximately 80–85% of usability 
problems. However, this rule, based on simple and static 
contexts, has limitations in complex and dynamic scenar-
ios such as mobile maps, where contextual and cognitive 
factors demand larger samples or hybrid methodologies for 
greater robustness (see Schmettow 2012 for discussions in 
recent literature on mobile usability). Recent studies, in-
cluding that of Martins et al. (2023), have examined sam-
ple sizes in studies of digital maps, yet these studies have 
not distinguished between mobile and static map contexts. 

Evaluations of digital maps exhibit considerable variations 
in their methodology and focus, varying in their empha-
sis on spatial behaviors, the utilization of diverse devices, 
dynamic environments, and the emotional fluctuations of 
participants (Montuwy et al. 2019, Dong et al. 2021).

Consequently, professionals in the field are frequently un-
certain about the ideal sample size for mobile maps, when 
considering the variables of methodology, test conditions, 
and unique aspects such as indoor/outdoor environments 
and tasks performed in motion. In light of this, the pres-
ent study offers a qualitative and quantitative meta-anal-
ysis of cartography publications, and an examination of 
methodological patterns in evaluations of mobile digital 
maps. We will compare test types, configurations, con-
ditions (including indoor/outdoor environments), and 
number of participants. The objective of this study is to 
identify implications for sample size determination and to 
suggest methodological adaptations that can advance mo-
bile cartography.

P R O C E D U R E  F O R  A N A LY Z I N G  T H E  M E T H O D S
The present study is based upon a systematic 
review and meta-analysis approach of articles published in 
international journals between 2010 and 2024. We con-
sulted the Scopus and Web of Science databases, using 
the combined keywords “usability” AND “maps” AND 
“navigation” AND (“mobile” OR “smartphone” OR “mo-
bile devices”). Our focus is on navigation and map use on 
smartphones, and so these search terms were intended to 
prioritize studies of maps accessed by smartphones, par-
ticularly those that focused on navigation tasks (i.e., the 
main functionality evaluated) and examined usability as a 
central dimension.

In selecting from the search results, we established the fol-
lowing inclusion criteria:

•	 The articles must be in English.

•	 The articles must report empirical studies of users 
evaluating mobile digital maps.

•	 Any studies of non-mobile maps are excluded.

•	 Purely thematic maps without interaction are 
excluded.

•	 Maps that are unrelated to usability or navigation are 
excluded.

Each article was subjected to a comprehensive analysis, 
encompassing the title, abstract, introduction, and meth-
odology, to ascertain its relevance and the presence of the 
desired data.

We then subjected the selected articles to qualitative and 
quantitative analysis, examining each article’s testing 
methods (e.g., eye-tracking, field/lab tests, questionnaires, 
think-aloud protocol), settings (moderated/unmoderat-
ed), the usability criteria evaluated, data type (qualitative/
quantitative), environment (indoor, outdoor, or hybrid), 
application conditions (controlled/lab vs. uncontrolled/
field), and number of participants. The participants were 
classified as either “specific” (with defined characteristics, 
e.g., experts) or “diverse/general” (broad audience without 
filter). The data were then meticulously tabulated for the 
purpose of conducting a thorough statistical comparison, 
encompassing means, distributions by method and envi-
ronment, and critical analysis of patterns and limitations.
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O R GA N I Z AT I O N  A N D  A N A LYS I S  O F  R ES U LT S
The methods for evaluating mobile digital 
maps were categorized into four main groups, adapted 
from Rohrer’s (2022) framework for user experience re-
search. As illustrated in Figure 1, the grid consists of two 
primary axes.

•	 Horizontal axis: Attitudinal (“what people say” — 
self-reported beliefs, opinions, and perceptions) versus 
Behavioral (“what people do” — observable actions 
and actual interactions with the map).

•	 Vertical axis: Qualitative (direct data from obser-
vation or reports, answering “how” or “why”) ver-
sus Quantitative (data measurable via instruments, 
answering “how much” or “how many”).

The four resulting quadrants are:

•	 Attitudinal-Qualitative (A): Direct expressions of 
beliefs and reasons (e.g., interviews, focus groups, 
think-aloud protocols).

•	 Attitudinal-Quantitative (D): Numerical measure-
ment of attitudes (e.g., surveys with scales, structured 
questionnaires).

•	 Behavioral-Qualitative (B): Direct observation of 
actions (e.g., observation of the user in the field/lab, 
qualitative eye-tracking).

•	 Behavioral-Quantitative (C): Measurement of be-
haviors (e.g., task time, error rate, A/B testing).

The selected studies were classif ied into these quad-
rants based on their described methodology. Other 

methodological data that we extracted from the source 
documents (method types, internal/external environment, 
target audience, number of participants, etc.) were tabu-
lated and analyzed using RStudio software. The analyses 
encompassed the following:

•	 Descriptive statistics: Calculations of absolute and 
relative frequencies by quadrant/method.

•	 Graphic representations: Bar charts for categorical 
distributions; boxplots to compare the number of par-
ticipants across quadrants, methods, and conditions 
(highlighting median, interquartile range, and outli-
ers); and heatmaps (colored block charts) to visualize 
patterns in the cross-variable matrix (e.g., number of 
participants per quadrant and environment).

C R I T I C A L  A N A LYS I S  O F  M E T H O D S  F O R  E VA L UAT I N G  M OV I N G  M A P S
We searched both the Scopus and Web of 
Science databases using the keyword combinations men-
tioned above. This yielded 115 articles from Scopus and 
80 from Web of Science, for an initial total of 195, all 
published between 2010 and 2024. Following a thorough 
screening process involving the analysis of titles, abstracts, 
and methodologies, 53 articles were selected for further 
consideration. These articles reported empirical evalu-
ations of human participants, focusing on digital maps 

accessed by smartphones. The empirical evaluations ex-
amined cartographic navigation and usability tasks in both 
real and simulated contexts. Theoretical studies, studies 
lacking participants, and studies devoid of a clear carto-
graphic component were excluded from the analysis.

Table 1 presents a summary of the data collection methods 
employed in the 53 studies that were analyzed.

Figure 1. Framework of research methods in usability and user 
experience. Adapted from Rohrer (2022).
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Article(s) Method(s)
Correspondence with the 
framework (Figure 1)

Noguera et al. 2012 
Brade et al. 2017 
Sakpere et al. 2017 
Lu et al. 2021

Questionnaire Attitudinal-Quantitative (D)

Dirin et al. 2018 Interview Attitudinal-Qualitative (A)

Link et al. 2013  
Yang et al. 2019

Data logger Behavioral-Quantitative (C)

Darvishy et al. 2020 Observation Behavioral-Qualitative (B)

Maly et al. 2013 
Montuwy et al. 2019

Interview and Data logger
Attitudinal-Qualitative (A) 
Behavioral-Quantitative (C)

Brock et al. 2015 Interview and Observation
Attitudinal-Qualitative (A) 
Behavioral-Qualitative (B)

Kratz et al. 2010 
Liang et al. 2012 
Schirmer et al. 2015 
Einfeldt and Degbelo 2021

Questionnaire and Data logger
Attitudinal-Quantitative (D) 
Behavioral-Quantitative (C)

Rehman and Cao 2016 
Rehman and Cao 2017

Questionnaire and Cognitive Map
Attitudinal-Quantitative (D) 
 Behavioral-Qualitative (B)

Brata et al. 2017 
Brata and Liang 2019 
Drewlow et al. 2022 
Vincent et al. 2022

Questionnaire and Observation
Attitudinal-Quantitative (D) 
 Behavioral-Qualitative (B)

Delikostidis and van Elzakker 2011 
Abreu and Moraes 2012 
Bernelind 2015 
Schnitzler and Holscher 2015 
Zahabi and Kaber 2018 
Nadzir et al. 2019

Questionnaire and Thinking Aloud
Attitudinal-Quantitative (D) 
Attitudinal-Qualitative (A)

Rehrl et al. 2013 
Noh et al. 2015 
Goh et al. 2016 
Chu et al. 2017 
Brata and Liang 2020 
Fogli et al. 2020 
Matsuo et al. 2020 
Sanjaya et al. 2020 
Sharin et al. 2020 
Brata et al. 2021 
Swobodzinski et al. 2021 
Nair et al. 2022

Questionnaire and Interview
Attitudinal-Quantitative (D) 
Attitudinal-Qualitative (A)

Table 1. Data collection methods and combinations used in the selected studies (n = 53). The table continues on the next page.
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The majority of studies (approximately 70%) employ a 
combination of two or more methods, employing hybrid 
approaches to capture both self-reported attitudes and 
observed behaviors. This phenomenon is indicative of the 
intricacies inherent in mobile mapping, where dynamic 
contexts (e.g., indoor/outdoor, in motion) and multimodal 
interactions necessitate a holistic approach, transcending 
the constraints imposed by individual methodologies.

CRITICAL ANALYSIS

After examining our set of studies, we identified several 
recurring patterns in the evaluation approaches adopted 
by the selected studies. The following analysis highlights 
the main methodological trends, their strengths, and their 
limitations, with particular attention to their implications 
for evaluating interactions with mobile digital maps.

•	 Strong predominance of attitudinal approach-
es: The preponderance of combinations utilizing 

attitudinal methods (D and A quadrants), predomi-
nantly questionnaires plus an interview or think-aloud 
protocol, signifies a pronounced prioritization of col-
lecting subjective perceptions and verbal reports from 
users. While appropriate in exploratory phases, these 
methods tend to under-record real behaviors in highly 
variable environments—a central and challenging 
aspect of interaction with mobile digital maps. Verbal 
protocols are subject to the interpretation of research-
ers and necessitate extensive analysis of substantial 
qualitative data sets, which can compromise the 
objectivity and reproducibility of the results.

•	 Frequent use of observational and instrumen-
tal methods in field studies: The methods of user 
observation, data loggers, and, to a lesser extent, eye 
tracking appeared most frequently in studies conduct-
ed in the field (either entirely outdoors or an indoor/
outdoor hybrid). This pattern suggests a recogni-
tion of the importance of ecological validity in the 

Article(s) Method(s)
Correspondence with the 
framework (Figure 1)

Ramsay et al. 2010 
Rehrl et al. 2012 
Skulimowski et al. 2019 
Qiu et al. 2024

Questionnaire, Interview, and Data 
Logger

Attitudinal-Quantitative (D) 
Attitudinal-Qualitative (A) 
Behavioral-Quantitative (C)

Kim and Song 2014  
Grubert et al. 2015

Questionnaire, Interview, and 
Observation

Attitudinal-Quantitative (D) 
Attitudinal-Qualitative (A) 
Behavioral-Qualitative (B)

Delikostidis et al. 2016
Questionnaire, Interview, Thinking Aloud, 
and Cognitive Mapping

Attitudinal-Quantitative (D 
Attitudinal-Qualitative (A) 
Behavioral-Qualitative (B)

Wenig et al. 2016
Questionnaire, Interview, Thinking Aloud, 
and Observation

Attitudinal-Quantitative (D) 
Attitudinal-Qualitative (A) 
Behavioral-Qualitative (B)

van Elzakker and Delikostidis 2010
Questionnaire, Interview, Thinking Aloud, 
Cognitive Mapping, and Observation

Attitudinal-Quantitative (D) 
Attitudinal-Qualitative (A) 
Behavioral-Qualitative (B)

Dong et al. 2021
Questionnaire, Interview, Eye Tracking, 
and Cognitive Mapping

Attitudinal-Quantitative (D) 
Attitudinal-Qualitative (A) 
Behavioral-Qualitative (B)

Rehrl et al. 2014 
Aditya et al. 2018 
Diao and Shih 2018

Questionnaire, User Observation, and 
Data Logger

Attitudinal-Quantitative (D) 
Behavioral-Qualitative (B) 
Behavioral-Quantitative (C)

Table 1 (continued). Data collection methods and combinations used in the selected studies (n = 53).
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evaluation of moving maps. In these contexts, the dy-
namic environment (i.e., movement, variable lighting, 
distractions, body orientation, and GPS interference) 
exerts a substantial influence on user performance and 
experience.

MAIN METHODOLOGICAL LIMITATIONS 
IDENTIFIED

The systematic review not only identified the methods 
most frequently used in the evaluation of mobile digital 
maps but also revealed methodological limitations. The 
main limitations identified are presented below.

•	 Very small sample sizes: Most studies had sample 
sizes between 10 and 20 participants, with the most 
common methodological combination (DA) present-
ing a median of 12 participants. These relatively small 
samples were often influenced by Nielsen’s 5-par-
ticipant rule, which can be particularly problematic 
in highly heterogeneous and cognitively demanding 
mobile contexts.

•	 Low representation of purely behavioral-quantita-
tive methods: Few studies relied on methods from 
the C quadrant of Figure 1. A more intensive use 
of logs, interaction metrics, prolonged eye-tracking, 
trajectory analysis, etc., could offer more objective 
indicators and be less biased by verbal reports.

KEY IMPLICATIONS AND POTENTIAL 
CONTRIBUTIONS

The results demonstrate that the evaluation of mobile 
digital maps presents methodological challenges that dif-
fer from those typically found in static cartography and 
conventional interface evaluation. Unlike traditional map 
studies, which are commonly conducted in controlled 
environments with relatively standardized interactions, 
mobile map evaluations must account for dynamic factors 
such as user movement, indoor and outdoor transitions, 
GPS variability, environmental distractions, and increased 
cognitive load. These characteristics were reflected in the 
predominance of hybrid evaluation methods, the frequent 
use of field studies, and the tendency for larger or more 
adaptive sample sizes when behavioral observations or 
passive data collection were incorporated. Based on these 
findings, the results point to the need for:

•	 A more systematic adoption of hybrid qualitative/
quantitative methodologies

•	 Increased field testing in real-world map usage situ-
ations, especially in situations with high contextual 
variability.

•	 The development of specific guidelines and method-
ological frameworks adapted to the particularities of 
mobile cartography (dynamic environment, use while 
in motion, small screens, multimodality, external 
interferences).

R ES U LT S  A N D  D I S C U S S I O N

THE VALUE OF MIXED METHODS

Our recommended mixed-methods approach 
integrates quantitative data (e.g., satisfaction scales, per-
formance, and perceptions via questionnaire) with quali-
tative data (e.g., detailed reports of cognitive difficulties, 
navigation strategies, and frustrations via interview or 
think-aloud protocol). The triangulation process enables 
the collection of more diverse and robust data, particularly 
in dynamic mobile contexts. In such environments, fac-
tors such as movement, frequent interruptions, and high 
cognitive load can impede the detection of usability prob-
lems (Bartling et al. 2021). However, attitudinal methods 
remain limited when not also complemented by objective 
passive recording of behavioral data (e.g., a data logger, 

quadrant C, Figure 1), which automatically capture infor-
mation available on the device itself, such as coordinates 
of the traveled route, acceleration, number and location of 
screen touches, ambient noise, among others. These sorts 
of data, despite their richness and objectivity, are frequent-
ly neglected by evaluators. As a result, the ability to under-
stand the user’s actual behavior in the field is diminished.

The prevalence of DA combinations, such as a question-
naire plus some sort of verbalization (interview, focus 
group, etc.), signifies that researchers in mobile mapping 
acknowledge the constraints of purely quantitative or 
qualitative methodologies when conducting studies in the 
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inherently variable environment of digital maps on mobile 
devices. In contrast to static or large-screen maps, mobile 
maps are characterized by dynamic contexts, such as pe-
destrian navigation in real environments, transitions be-
tween indoor and outdoor spaces, and variations in light-
ing and GPS accuracy. These dynamic contexts contribute 
to increased variability in behavioral and perceptual data. 
The employment of mixed methods facilitates triangula-
tion, thereby enhancing the detection of contextual prob-
lems that may be underestimated by conventional heuris-
tics such as Nielsen’s (1993).

This trend indicates the emergence of new methodologies 
in mobile mapping, such as hybrid (laboratory + field) or 
longitudinal “in-the-wild” assessments. These methodolo-
gies have the potential to more accurately capture the im-
pact of the user’s context (activity, physical environment, 
emotional state) on map design and usability (Bartling et 
al. 2021).

NUMBER OF PARTICIPANTS

Figure 3 presents boxplots illustrating the distribution of 
the number of participants as a function of the method-
ological combinations of data collection, categorized ac-
cording to the grid in Figure 1.

Figure 3 reveals striking differences, such as the fact that 
many isolated methods tend to use smaller samples (ex-
cept for isolated questionnaires), while mixed combina-
tions, especially those that include observation or passive 
recording, require larger samples to capture the variability 
typical of moving map assessments.

The observed medians and ranges highlight clear varia-
tions between the approaches:

•	 A (Isolated Interview): 12 participants (n = 1).

•	 B (Isolated Observation): 12 participants (n = 1).

•	 C (Isolated Data Logger): median = 8 (range 1–15, n 
= 2).

•	 D (Isolated Questionnaire): median = 42 (range 
5–120, n = 4).

•	 DA (Questionnaire + Verbalization): median = 12 
(range 1–50, n = 19).

•	 DAB (Questionnaire + Verbalization + 
Observation/Cognitive Map/Eye Tracking): medi-
an = 20 (range 8–40, n = 6).

Figure 2. Methods used in evaluations of mobile digital maps.
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•	 DAC (Questionnaire + Verbalization + Passive 
Recording): median ≈ 23 (range 5–35, n = 4).

•	 DB (Questionnaire + Observation/Cognitive 
Map): median = 13 (range 8–40, n = 6).

•	 DBC (Questionnaire + Observation + Data 
Logger): median = 32 (range 16–48, n = 3).

•	 DC (Questionnaire + Data Logger): median = 18 
(range 12–22, n = 4).

The boxplots in Figure 3 reveal asymmetrical distributions 
across several groups, with positive outliers (exceptional-
ly large samples) primarily in predominantly quantitative 
methods (isolated D) or mixed methods with passive re-
cording (i.e., data logger) components (DA, DAB, and 
DAC). These outliers frequently correspond to studies that 
prioritize field performance metrics or robust statistical 
validation.

This pattern indicates the potential for methodologies 
that are more adaptable to mobile mapping. These meth-
odologies could include a sample size of 5–12 participants 
in qualitative laboratory tests to identify interface prob-
lems, followed by validation with larger samples (20–40, 
or more) in outdoor field studies, where environmental 

variability is high. Research conducted with a sample size 
of 5–8 participants, as indicated by Nielsen, can be ex-
peditious in identifying significant flaws. However, this 
approach may underestimate subtle variations associated 
with spatial and behavioral contexts.

ASSESSMENT CONTEXT

In addition to the combination of methods, the context 
of the assessments also significantly influences the sam-
ple size. Figure 4 examines the relationship between the 
number of participants and key contextual variables, in-
cluding the presence or absence of a moderator, the type of 
target audience (diverse or specific), and the location (in-
door, outdoor, or hybrid indoor/outdoor).

The following is a summary of the results presented in 
Figure 4:

•	 Moderation

•	 Moderated: median = 20 (range 1–50, n = 50)

•	 Unmoderated: median = 23 (range 15–120, n = 3)

•	 Target audience

•	 Diversified (i.e., general population): median = 20 
(range 1–75, n = 39)

Figure 3. Relationship between the number of participants and the data collection methods.
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•	 Specific (e.g., specialists, elderly, visually im-
paired): median = 10 (range 1–33, n = 14)

•	 Location of the assessment

•	 Internal (laboratory/controlled): median = 20 
(range 1–50, n = 28)

•	 Outdoor (field): median = 15 (range 10–28, n = 
19)

•	 Indoor/outdoor use: median = 22 participants 
(range: 1–120; n = 6 studies).

The reviewed studies included assessments conducted in 
laboratory, outdoor, and hybrid indoor/outdoor environ-
ments, with laboratory studies being the most common 
(n = 28), followed by outdoor studies (n = 19) and hybrid 
studies (n = 6). This distribution highlights the continued 
importance of controlled environments while also demon-
strating a substantial use of real-world settings to evalu-
ate mobile map interactions under realistic conditions. 
Although the observed median number of participants 
was lower in outdoor studies than in laboratory studies (15 
vs. 20 participants), this comparison is descriptive only, as 
no inferential statistical analysis was performed. The lower 
median observed in field studies may reflect the greater 

logistical complexity and environmental variability associ-
ated with outdoor experiments.

While outdoor environments demonstrate a lower median 
value, they exhibit a more constrained range, indicating 
that field studies place a premium on acquiring sufficient 
samples to detect consistent effects despite the presence 
of substantial environmental variability. This variabili-
ty may include factors such as lighting conditions, noise 
disturbances, inaccurate GPS, and movement patterns. 
Conversely, indoor tests permit greater control and, con-
sequently, larger or more flexible samples. However, the 
ecological validity of the collected data is lower.

This distinction underscores the necessity of contextu-
al approaches for mobile digital maps, such as the hybrid 
approach we advocated for earlier. Laboratory (indoor) 
methods can rely on smaller samples for the initial detec-
tion of interface problems, while field (outdoor) studies 
benefit from moderate to larger samples (15–30, or more) 
to validate performance under real-world conditions. The 
observed preference for uncontrolled environments under-
scores the significance of ecological validity in the context 
of mobile mapping. This aspect distinguishes mobile map-
ping from the evaluation of traditional static maps.

Figure 4. Relationship between the number of participants and the context of the assessments.
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Figure 5 presents a heatmap that delineates the number 
of participants according to the evaluation method and 
whether the participant pool was diverse (with a sample of 
the general public) or specific (including specialists, the el-
derly, visually impaired individuals, and groups with pre-
defined criteria).

As illustrated in Figure 5, the audience profile emerg-
es as a pivotal factor in determining the requisite sample 
size, in conjunction with the methodological approach. 
Evaluations with specific types of participants often adopt 
small samples (often fewer than 10) to allow for in-depth 
analysis, a common practice in accessibility or niche stud-
ies (e.g., navigation for visually impaired users). In the 
presence of more heterogeneous audiences, the sample 
sizes tend to increase substantially in mixed methods that 
utilize logging or observation (e.g., DAC studies had up to 
35 participants). This phenomenon underscores the neces-
sity for representativeness in order to generalize findings 
in real-world mobile usage contexts.

Figure 6 provides a synopsis of the aggregated dataset 
from the 53 selected studies, presenting the mean num-
ber of participants per test application context, in addition 
to the minimum and maximum values observed. The or-
ganization of the samples by specific test characteristics 
(method, moderation, type of audience, and indoor/out-
door environment) allows for the visualization of the over-
all variability of the samples and the identification of clear 
trends in the literature on the evaluation of mobile digital 
maps.

The trends summarized in Figure 6 reinforce the patterns 
identified in the previous analyses and highlight how sam-
ple size varies according to methodological and contextual 
factors. The main findings include:

•	 Smaller samples (medians 8–15) predominate in iso-
lated qualitative methods (A, B, C) or simple mixed 
methods (DA, DB) studies, especially those with 
specific populations or controlled laboratory tests.

•	 Larger samples (medians 20–40, or more) occur in 
studies with isolated quantitative methods (D), com-
plex mixed combinations (DAB, DBC, DAC), and 
assessments with diverse audiences or in non-moder-
ated/field contexts.

Method 
(Context)

Number of Participants

< 10

10–19

20–29

30–39

40–49

50–59

60–79

80–99

≥
 100

A (Diversified) 0 1 0 0 0 0 0 0 0

A (Specific) 0 0 0 0 0 0 0 0 0

AB (Diversified) 0 0 0 0 0 0 0 0 0

AB (Specific) 0 0 1 0 0 0 0 0 0

AC (Diversified) 0 0 0 0 0 0 0 0 0

AC (Specific) 0 1 1 0 0 0 0 0 0

B (Diversified) 0 0 0 0 0 0 0 0 0

B (Specific) 0 1 0 0 0 0 0 0 0

C (Diversified) 1 1 0 0 0 0 0 0 0

C (Specific) 0 0 0 0 0 0 0 0 0

D (Diversified) 1 0 1 0 0 0 1 0 1

D (Specific) 0 0 0 0 0 0 0 0 0

DA (Diversified) 0 4 4 0 2 1 0 0 1

DA (Specific) 4 2 0 1 0 0 0 0 0

DAB (Diversified) 1 3 0 1 0 0 1 0 0

DAB (Specific) 0 0 0 0 0 0 0 0 0

DAC (Diversified) 0 1 1 0 0 0 1 0 0

DAC (Specific) 1 0 0 0 0 0 0 0 0

DB (Diversified) 1 1 1 1 0 0 0 0 0

DB (Specific) 1 1 0 0 0 0 0 0 0

DBC (Diversified) 0 1 0 1 1 0 0 0 0

DBC (Specific) 0 0 0 0 0 0 0 0 0

DC (Diversified) 0 3 1 0 0 0 0 0 0

DC (Specific) 0 0 0 0 0 0 0 0 0

Figure 5. Relationship between participant sample-size 
categories, evaluation methods, and participant characteristics. 
Each cell represents the number of studies identified for a given 
combination of evaluation method, participant profile, and 
sample-size category. Darker shades indicate higher frequencies 
of studies, whereas lighter shades indicate lower frequencies.
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•	 Outdoor (field) settings tend to have narrower and 
moderate median ranges (≈15), reflecting logistical 
challenges, while indoor environments allow for 
greater flexibility (up to 50–120 in quantitative cases).

As seen in Figure 6, the number of participants in mo-
bile digital map evaluations does not adhere to a univer-
sal recommendation; rather, it is strongly determined by 
the study’s objective and the specific demands of mobile 
use, such as navigation on the go, indoor-outdoor transi-
tions, environmental variability, and high cognitive load. 

Contrary to conventional cartography, which is primarily 
tested in laboratory-based settings and utilizes more stan-
dardized samples, mobile maps necessitate adaptive meth-
odologies to capture real-world behaviors in scenarios that 
are inherently unpredictable.

Current practices, which typically utilize samples of 
between 10 and 30 participants, exceed the stringent 
application of Nielsen’s heuristic (1993). These prac-
tices have proven effective in identifying significant us-
ability issues; however, their capacity for generating robust 

Figure 6. Number of participants in relation to the application context of the test sets.
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generalizations across diverse audiences or complex tasks 
is limited. The extant literature on mobile mapping thus 
leads us to suggest an innovative combination of method-
ologies. First, a small sample size (5–12) should be used 
in qualitative laboratory tests to initially detect interface 
flaws. Second, a moderate to large sample size (15–40, or 
more) should be used in outdoor or hybrid field studies 

that incorporate passive logging and observation to achieve 
greater statistical power and ecological validity. Third, lon-
gitudinal “in-the-wild” strategies or context-adaptive sam-
ples (e.g., automatic indoor/outdoor adjustment) should be 
explored to reduce the cognitive load on participants relat-
ed to the test while capturing real-world map use.

CO N C L U S I O N
In this study, we conducted a meta-analysis of 
53 articles published between 2010 and 2024, analyzing 
the number of participants in evaluations of digital maps 
accessed via mobile devices. The findings indicate that the 
number of participants is contingent upon the data collec-
tion method, the target audience profile, and the applica-
tion context (laboratory vs. field, indoor vs. outdoor).

The predominant combination identified in the extant 
literature involves the implementation of a questionnaire 
in conjunction with either an interview or a thought ver-
balization protocol (DA), typically involving 10–20 par-
ticipants. Mixed methods that incorporate behavior-
al observation, cognitive mapping, or passive recording 
(e.g., DAB, DBC, DAC) tend to require larger samples 
(medians 20–32, or more), reflecting the need for greater 
statistical power and triangulation to deal with the vari-
ability inherent in mobile use (navigation on the go, in-
door-outdoor transitions, environmental distractions, and 
high cognitive load).

Contrary to conventional cartography, which is frequently 
examined using controlled environments and standardized 
samples, the evaluation of mobile digital maps necessi-
tates adaptive approaches to capture real-world behaviors 
in dynamic and unpredictable scenarios. Although con-
temporary practices exceed the inflexible implementation 
of Nielsen’s heuristic (1993), small samples remain pre-
dominantly effective for detecting significant usability is-
sues. However, their capacity for producing reliable gen-
eralizations across diverse audiences or complex tasks is 
constrained.

Our findings lead us to suggest practical recommendations 
for future mobile mapping assessments:

•	 Start with small samples (5–12 participants) in quali-
tative laboratory tests to identify interface failures.

•	 Validate with moderate to larger samples (15–40, or 
more) in outdoor or hybrid field studies, incorporating 
passive data logging and user observation to increase 
the ecological validity and statistical power of the 
analyses.

•	 Explore longitudinal “in-the-wild” methodologies or 
context-adaptive samples (e.g., changes in indoor/out-
door environments), altering the participant’s cogni-
tive demands while capturing data close to the actual 
use of the map.

These contextualized guidelines contribute to the ad-
vancement of mobile cartography by being more aligned 
with the specific needs of evaluating maps accessed by 
mobile devices.

We recognize that our study is limited by its narrow focus 
on articles that dealt only with navigation tasks, as well 
as the paucity of longitudinal studies within the examined 
sample. These limitations suggest future research direc-
tions involving the integration of smartphone sensor data 
(e.g., GPS, accelerometers, gyroscopes, and interaction 
logs) with artificial intelligence methods for the large-
scale analysis of user behavior during real-world naviga-
tion. Such approaches could provide more objective and 
context-aware evaluations of mobile digital maps.
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