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Abstract 25 

Nature-based adventure (NBA) interventions can be broadly understood as any intervention 26 

of adventure occurring in a natural setting not necessarily involving a licensed mental health 27 

professional. A growing body of evidence suggests that some NBA interventions improve 28 

people’s health. Although encouraging, the strength of this evidence is often impaired by the 29 

non-random allocation of participants to groups and the lack of comparison groups. These 30 

design limitations need additional care during data analysis. Moreover, some studies of NBA 31 

interventions omit necessary information for the interpretation of their results, which may 32 

lead to inaccurate conclusions and hinder replicability. This information includes (a) a 33 

detailed description of the interventions and settings where they took place, (b) dropout 34 

numbers and reasons, (c) adverse events of NBA interventions (e.g., leg fracture), and (d) 35 

declaration of conflict of interest and research funding. To exemplify these analytical and 36 

reporting issues, we evaluated all quantitative studies assessing the effect of an NBA 37 

intervention published in the Journal of Adventure Education and Outdoor Learning from 38 

2019 to 2021. Based on the present review and findings, we provide suggestions to improve 39 

the analysis of studies of NBA interventions and discuss the need to report these necessary 40 

elements in future studies. 41 

Keywords: adventure, methodology, nature-based intervention, wilderness  42 
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 44 

Improving the Analysis and Reporting of Studies of Nature-Based Adventure 45 

Interventions: A Review of Studies Published in JAEOL 46 

There is growing evidence indicating that spending time outdoors in contact with 47 

nature can enhance physical and mental health (Gladwell et al., 2013; Moreton et al., 2021; 48 

Roberts et al., 2020; Rosa et al., 2021). For example, time spent in nature has been related to 49 

lower psychological distress (Astell-Burt et al., 2014), higher positive emotional states 50 

(Corazon et al., 2019), and improved attention (Ohly et al., 2016) in the adult population. 51 

This has led researchers and practitioners to encourage people to spend time in natural 52 

environments as a way to enhance their wellbeing (White et al., 2019). Among the different 53 

activities that can be conducted in nature to improve people’s health, nature-based adventure 54 

(NBA) interventions have received growing attention from the scientific community 55 

(Bettmann et al., 2016; Bowen & Neill, 2013; Feletti & Bonato, 2020; Fernee et al., 2017, 56 

2021; Houge Mackenzie & Goodnow, 2021; Moreton et al., 2021; Trundle & Hutchinson, 57 

2021).  58 

NBA interventions refer to the facilitation of one or more adventure activities in a 59 

natural setting; an environment that has a significant presence of soil (e.g., mountains), 60 

vegetation (e.g., trees), and/or water, and that is not highly altered by humans (Wohlwill, 61 

1983). Adventure activities share several characteristics such as uncertain outcomes, skill 62 

development and novelty (Bowen & Neill, 2013; Houge Mackenzie & Goodnow, 2021). 63 

What differentiates adventure activities in nature from other activities in natural 64 

environments is the risk they involve (Bowen & Neill, 2013; Houge Mackenzie & Goodnow, 65 

2021; Javorski & Gass, 2013). For example, in terms of getting lost, walking in urban green 66 

spaces entitles lower risk than walking in a wilderness environment, though, urban 67 
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environments may present other risks such as getting hit by a car. Activities such as 68 

backpacking, camping, surfing, rock climbing and skiing are normally seen as adventurous 69 

(Bettmann et al., 2016; Bowen & Neill, 2013). Conceptually, NBA interventions can 70 

encompass wilderness therapy (therapy conducted in wilderness environments) and nature-71 

based adventure therapy, which is the combination of adventure activities and therapy taking 72 

place in natural settings (Bowen & Neill, 2013; Fernee et al., 2017; Houge Mackenzie & 73 

Goodnow, 2021). Following the approach of previous researchers (Rosa et al., 2021), for this 74 

study, we refer to therapy in a broad sense, including any activity provided to improve an 75 

individual’s health. Therapeutic activities may include, for example, group work, 76 

psychotherapy, and physical exercises  – all of which may be integrated with NBA (Bowen & 77 

Neill, 2013; Fernee et al., 2017; Houge Mackenzie & Goodnow, 2021; Rosa et al., 2021). 78 

Hence, not all NBA interventions are necessarily led by licensed mental health professionals. 79 

Two main theories may help to explain the effect of NBA interventions on people’s 80 

health: Attention Restoration Theory (ART, Kaplan, 1995) and Stress Reduction Theory 81 

(SRT, Ulrich et al., 1991). The former theory articulates that ‘any prolonged mental effort 82 

leads to directed attention fatigue and that a compatible natural environment may help people 83 

to recover their attentional capacity (Kaplan, 1995, p. 170). This recovery may promote 84 

reductions in stress and anxiety, and improvements in mood (Kaplan, 1995; Ulrich et al., 85 

1991). This is in line with SRT which postulates that ‘modern humans might have a 86 

biologically prepared readiness to quickly and readily acquire restorative responses with 87 

respect to many unthreatening natural settings’ (Ulrich et al., 1991, p. 208). More recently, 88 

the relational restoration theory (RRT, Hartig, 2021) proposes that social resources (e.g., 89 

social capital) are depleted daily and can also be restored through people-environment 90 

transactions.  91 
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In addition to these theories that cover any form of contact with nature, there are more 92 

specific theories or frameworks explaining the health benefits of NBA activities (Fernee et 93 

al., 2017; Houge Mackenzie et al., 2021; Russell & Farnum, 2004). For example, Russell and 94 

Farnum (2004) developed the wilderness therapy treatment milieu model that was further 95 

elaborated by Fernee et al. (2017). Fernee et al.’s (2017) wilderness therapy clinical model 96 

argues that in wilderness therapy there are three therapeutic components: the wilderness 97 

environment, physical self (i.e., the challenges inherent to wilderness therapy that make 98 

individuals physically and psychologically stronger), and a psychosocial self that is related to 99 

psychological (e.g., counseling) and social (e.g., group activities) stimuli provided in 100 

wilderness therapy programs. 101 

In support of these theories and frameworks, some randomized studies have found 102 

evidence that NBA interventions can improve people’s health. For instance, Sturm et al. 103 

(2012) conducted a randomized crossover trial in Germany with adults at risk of committing 104 

suicide. In this study, the first group of participants took part in a 9-weeks of mountain hiking 105 

program (i.e., NBA intervention) and then moved on to a 9-weeks non-intervention phase. A 106 

second group followed the inverse procedure (i.e., non-intervention phase first). During the 107 

intervention, participants in both groups continued with their usual treatments, such as 108 

psychotherapy and pharmacotherapy. Considering the combined mean depression scores of 109 

both groups, there was a greater reduction in depressive symptoms during the mountain 110 

hiking phase than during the non-intervention phase. According to the authors (Sturm et al., 111 

2012), each hike was led by two people: the director of the study and an additional person 112 

(e.g., a psychotherapist, nurse, or physician). Similarly, Shin et al. (2012) conducted a 113 

parallel-group randomized controlled trial (RCT) with alcoholics in South Korea. In this 114 

RCT, participants in the NBA group engaged in a 9-day forest program including mountain 115 
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climbing, tracking, and orienteering. The comparison group received no intervention. After 116 

the intervention period, the NBA group reported, on average, less difficulty in falling asleep 117 

and in staying asleep than the comparison group. The intervention providers were not 118 

described in this study (Shin et al., 2012). In a later study, Gelkopf et al. (2013) compared 40 119 

sessions of sailing instruction and practice followed by two 3-day outdoor activities including 120 

outdoor sleeping and camping (i.e., the NBA group) with a waiting list control group. The 121 

authors found that participants in the NBA group held a higher mean emotional quality of life 122 

score after the intervention than those in the control group. The intervention was provided by 123 

four volunteers under the leadership of the project leader (Gelkopft et al., 2013). None of 124 

these volunteers had health or social related academic degrees and monthly supervision was 125 

received from a rehabilitation psychologist (Gelkopft et al., 2013). 126 

Methodological Limitations of Studies Assessing NBA Interventions 127 

Despite the existence of theories and some convincing evidence supporting the health 128 

benefits of NBA interventions, most of the conclusions regarding the positive health 129 

consequences of NBA interventions are impaired by methodological limitations, including a 130 

lack of comparison/control groups and, in the presence of a comparison group, the non-131 

randomized allocation of participants (Bowen & Neill, 2013; Harper et al., 2021). For 132 

instance, of the 206 unique samples included in Bowen and Neil’s (2013) systematic review 133 

only 16 (7.8%) were randomly assigned to groups. To exemplify, Kelley et al. (1997) 134 

compared people receiving treatment for mental illness plus participating in several NBA 135 

activities with people just receiving their treatment as usual. Since participants were not 136 

randomly allocated to groups, the authors’ finding of a larger improvement in self-efficacy in 137 

the NBA group than in the usual care group might be partially explained by confounding 138 

variables such as participants’ motivation (Kelley et al., 1997). As another example, Walter et 139 
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al. (2019) observed a reduction in the mean score of the Generalized Anxiety Disorder 7-Item 140 

Scale of participants who engaged in a 6-week program involving surfing. However, due to 141 

the lack of a control group, we cannot infer what should have happened to the participants 142 

had they not received this intervention (Hernán & Robins, 2020; Rosa & Delabrida, 2021).  143 

The lack of randomization or even a comparison group is not exclusive to studies of 144 

NBA interventions. For example, of 13 controlled studies included in a recent meta-analysis 145 

of the effect of forest therapy interventions on depressive symptoms, only four of them 146 

involved random allocation to groups (Rosa et al., 2021). In fact, due to ethical considerations 147 

(e.g., to align the intervention to participants’ preference) and high financial resources often 148 

needed to conduct randomized studies, most studies of health interventions are not 149 

randomized (Gabrielsen et al., 2016; von Elm et al., 2007). Even if a lack of randomization is 150 

a common practice in the evaluation of health interventions, one should keep in mind that 151 

randomization ensures that differences between groups at the baseline are due to chance. The 152 

larger the randomized groups, the more likely it is that they will be similar at baseline 153 

(Hernán & Robins, 2020). When groups are similar at baseline, group differences at the end 154 

of the intervention cannot be explained by prognostic variables (i.e., factors that predict the 155 

outcome, such as disease severity (Hernán & Robins, 2020; Sterne et al., 2016)). When 156 

participants are not randomly assigned to the different groups, systematic differences in 157 

prognostic variables at the baseline may occur so that a difference between groups at the end 158 

of the intervention may be explained by factors other than the intervention (Sterne et al., 159 

2016, 2019).  160 

In addition to the lack of randomization, many studies evaluating the effects of NBA 161 

interventions on people’s health lack a comparison group (e.g., Bird, 2015; Bowen et al., 162 

2016; Gabrielsen et al., 2019; Gillis & Simpson, 1991; Jakubec et al., 2016; Rogers et al., 163 
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2014; Townsend et al., 2018; Walker et al., 2005; Walter et al., 2019). This methodological 164 

shortcoming implies that we cannot infer what would have occurred had the group not 165 

received the intervention, therefore causal inference is hard to make (Hernán & Robins, 166 

2020). Because of this, causal claims reported in non-randomized studies should be taken 167 

with caution and additional care is needed during the analysis of these studies (Antonakis et 168 

al., 2010). 169 

Besides these methodological limitations, some studies examining the effect of NBA 170 

interventions lack information needed to improve the interpretation of the intervention’s 171 

effect, to conduct a risk-benefit assessment, and to replicate studies. This necessary 172 

information includes (a) a detailed description of the (co) interventions and settings where 173 

they took place, (b) the number and reasons for dropout, (c) adverse events or effects of NBA 174 

interventions, and (d) declaration of conflict of interest and research funding. Let’s consider, 175 

for instance, that the main objective of an intervention study usually is to understand the 176 

effect of an intervention on a given outcome (Sterne et al., 2019). Such comprehension is 177 

important because practitioners (e.g., recreational therapists) would base their practice on 178 

rigorous intervention studies showing important health benefits (Higgins et al., 2019; Sterne 179 

et al., 2016, 2019). Nonetheless, without sufficient information about the participants, 180 

intervention, comparison group, and outcome, practitioners may not be able to evaluate what 181 

was the effect of the intervention and whether this intervention is appropriate for their clients 182 

(Moher et al., 2010). A detailed description of the intervention and the setting where it took 183 

place is also necessary because without it practitioners and researchers cannot replicate an 184 

intervention (Moher et al., 2010). Though other forms of replication exist, direct replication 185 

occurs when one repeats a study collecting data from a new sample in a way that duplicates 186 

as far as possible the conditions of the former study (American Psychological Association, 187 
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2020). Replication may increase certainty when findings are reproduced and promote 188 

innovation when they are not (Open Science Collaboration, 2015). Practitioners should also 189 

be aware of the risks of an intervention because the decision to deliver (or not) a specific 190 

intervention is taken by weighing potential benefits against these risks (Hernán & Robins, 191 

2020; Higgins et al., 2019; Soga & Gaston, 2022). 192 

The Present Study  193 

Given the growing interest in the examination of the effect of NBA interventions in 194 

people’s health (Benninger et al., 2020; Bettmann et al., 2016; Bowen & Neill, 2013; Greer & 195 

Vin-Raviv, 2019; Lackey et al., 2019), and the shortcomings mentioned above, we deem it 196 

important to highlight ways to methodically improve studies of NBA interventions and the 197 

reporting of findings. This can help future researchers and practitioners interested in the use 198 

of adventure activities in nature as a health resource. In this paper, we first provide 199 

suggestions to improve the analysis of studies of NBA interventions and then move on to 200 

reflecting on why reporting the above-mentioned elements (a) to (d) is relevant. Then, to 201 

better illustrate our suggestions, we assessed the analytical approach and reporting of all 202 

quantitative studies of NBA interventions published in the Journal of Adventure Education 203 

and Outdoor Learning (JAEOL, 2019-2021). 204 

Method 205 

 This paper is an effort to describe some limitations of studies of NBA interventions 206 

and provide suggestions for future research. Our examples of limitations and suggestions to 207 

improve studies’ data analysis and reporting are based on a selected review of previous 208 

studies of NBA interventions and methodological papers, so our study may be described as a 209 

narrative review (Greenhalgh et al., 2018). A systematic evaluation of all studies of NBA 210 

interventions should improve the understanding of the prevalence of the limitations we 211 
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discuss in this manuscript. Our main goal, however, is not to show the prevalence of these 212 

limitations but to provide suggestions to avoid them. Whereas our selective review of the 213 

literature does not allow us to fully comprehend the frequency of these limitations, we 214 

provide multiple examples to illustrate our arguments. We also took advantage of some 215 

systematic review methods, such as developing eligibility criteria (Shamseer et al., 2015), to 216 

evaluate research published in JAEOL during the 2019-2021 period. The methods used in this 217 

evaluation are detailed in a specific section below. 218 

Suggestions to Improve Studies of NBA Interventions 219 

As indicated above, in most studies of NBA interventions there is no comparison 220 

group and, in the presence of a comparison group, participants are often not randomly 221 

allocated to groups (Bowen & Neill, 2013). If these limitations in the studies’ design are not 222 

taken into account during data analysis, studies may find inaccurate estimates of effect of the 223 

intervention on people’s health (Antonakis et al., 2010; Sterne et al., 2016). When 224 

participants are not randomly assigned to groups, it is critical to consider the influence of 225 

prognostic variables in the results (Sterne et al., 2016), so we discuss herein the relevance and 226 

ways to consider such variables in the analyses. Also, some studies lacking randomization to 227 

groups or a comparison group run a within-group test of significance (e.g., Cave, 1979; 228 

Ilagan et al., 2020). Because the use of this test may lead to equivocal conclusions, we also 229 

discuss important elements to be considered when conducting a within-group test of 230 

significance (Bland & Altman, 2011). In the next sections, we explain these issues in greater 231 

detail. We acknowledge that considering prognostic variables and within-group tests of 232 

significance does not completely overcome the drawbacks of non-randomized studies (for 233 

further guidance see Antonakis et al., 2010; Marinescu et al., 2018; von Elm et al., 2007). 234 

Nonetheless, these are limitations of some studies assessing NBA interventions and they can 235 
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be minimized and/or considered when interpreting studies’ results. As an example to 236 

illustrate the influence of prognostic variables, Vissel (2004) examined the effects of three 237 

NBA interventions on participants’ mental health and found differences between groups in 238 

post-intervention scores in variables like self-esteem and psychopathy. Because participants 239 

were not randomized to the interventions, there were large differences in mean scores at the 240 

baseline. Thus, differences in mean scores post-intervention might be explained by 241 

differences in the baseline instead of implying differences in the effect of the interventions 242 

provided. As an example of a within-group test of significance, Cave (1979) conducted a 243 

study to compare the effects of a high-stress condition, a low-stress condition, and a control 244 

group on the Minnesota Multiphasic Personality Inventory (MMPI) scores. Instead of 245 

conducting comparisons of the post-test scores while statistically controlling for pre-test 246 

scores, the author conducted several within-group tests of significance. Unfortunately, these 247 

tests are not the most informative regarding differences in group effects because they assess 248 

the change in score within a group (Bland & Altman, 2011; Vetter & Mascha, 2018). 249 

To deal with methodological issues such as the ones just described, we provide some 250 

suggestions related to data analyses. These suggestions are simple and can be followed in any 251 

study. There are more complex designs that can be used to achieve relatively accurate 252 

estimates of effect without randomizing participants into groups (Antonakis et al., 2010; 253 

Marinescu et al., 2018). These designs include the regression discontinuity design, 254 

differences-in-differences, and instrumental variables, which are covered elsewhere 255 

(Antonakis et al., 2010; Marinescu et al., 2018).  256 

Prognostic Variables 257 

When randomization is not possible, researchers can endeavor to ensure that groups 258 

are similar in prognostic variables at baseline (see DeMille et al., 2018). For instance, if 259 
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researchers are concerned that women and men will benefit differently from the NBA 260 

intervention, the groups can be balanced by gender. Nonetheless, in non-randomized studies, 261 

the groups will probably differ in some prognostic variables (Sterne et al., 2016; von Elm et 262 

al., 2007). Consider, for example, that the outcome of interest is the reduction of depressive 263 

symptomatology and, at baseline, participants in the experimental group suffer from more 264 

severe depression than those in the comparison group. In this case, a greater reduction in 265 

depressive symptomatology in the experimental group may occur because more depressed 266 

participants tend to naturally improve more than less depressed participants (American 267 

Psychiatric Association, 2014). This problem may also be described as regression to the 268 

mean, which is ‘a statistical phenomenon where initial measurements of a variable in a 269 

nonrandom sample at the extreme ends of a distribution tend to be closer to the mean upon a 270 

second measurement’ (D. M. Thomas et al., 2020, p. 256). As an example, Wall (1993) found 271 

a reduction of 59% in the depressive symptoms of students engaging in an NBA intervention 272 

from baseline to post-intervention. Because these students started the intervention with a high 273 

mean depression score, this large improvement may be partially explained by the 274 

phenomenon of regression to the mean, though it was not evaluated by Wall (1993). 275 

Regression to the mean should be considered in analyses of samples or subsamples (e.g., 276 

subgroup analysis) of participants with extreme scores. Ensuring groups are similar at the 277 

baseline is a remedy for the impact of regression to the mean in the study’s findings. If this 278 

design control is not possible and there is more than one group in the study design, 279 

researchers can use the baseline score as a statistical control when comparing the groups. 280 

This can be done by using an analysis of covariance or multiple regression (Bland & Altman, 281 

2011; DeMille et al., 2018), which are ‘the preferred statistical approach to accounting for 282 

baseline measurements of the outcome’ (Higgins et al., 2019, p. 252). For studies without a 283 
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comparison group, researchers can, for example, assess whether the changes in the outcome 284 

variable from pre-test to post-test correlate with the baseline values (D. M. Thomas et al., 285 

2020). 286 

Equivocal use of Within-Group Significance Tests 287 

Some non-randomized studies of NBA interventions base their conclusions on results 288 

from within-group (pre-post) significance tests (e.g., Cave, 1979; Ilagan et al., 2020). 289 

According to Bland and Altman (2011), this practice might lead to misinterpretation of the 290 

findings. For instance, when comparing two groups, researchers might conclude that the 291 

NBA intervention was superior to another type of intervention in terms of the benefits offered 292 

because the symptomatology of one group improved and that of the other group did not. This 293 

is checked by considering within-group significance tests. In this case, a researcher could 294 

have found a statistically significant improvement (commonly, p < 0.05) in the NBA group 295 

and a statistically non-significant result in the comparison group. This finding does not ensure 296 

that the two groups are statistically different at the end of the intervention (Bland & Altman, 297 

2011). Neither it means that there was no change in the comparison group because a lack of 298 

statistical significance does not necessarily mean a lack of change in the sample (Bland & 299 

Altman, 2011; Cumming, 2014). In this case, a lack of statistical significance indicates that, 300 

with the confidence level adopted, the estimate found on the sample does not rule out a 301 

change of zero in the population (Cumming, 2014). Another issue to keep in mind when 302 

performing within-group tests of significance is that one group can start with a baseline score 303 

much lower or higher than the other group and, therefore, have much more room for 304 

improvement (Vickers, 2001). Thus, a larger improvement in a group might be due to 305 

participants’ lower or higher baseline scores instead of due to the intervention (e.g., Ilagan et 306 

al., 2020; Magle-Haberek et al., 2012). To avoid inaccurate conclusions, it might be better to 307 
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analyze between-group differences while statistically controlling for the baseline score 308 

(Bland & Altman, 2011; Higgins et al., 2019; Vickers, 2001) as done by DeMille et al. 309 

(2018). In addition, we encourage researchers to interpret estimates of effect (i.e., 310 

standardized or non-standardized effect sizes) and their confidence intervals instead of 311 

focusing on the statistical significance of the results (see Amrhein et al., 2019). Estimates of 312 

effect help readers to judge the importance of the effect, and confidence intervals are 313 

informative regarding the precision of this effect in terms of inference to larger populations 314 

(Cumming, 2014). 315 

Reporting of NBA Interventions: Some Necessary Elements 316 

 When assessing the effect of NBA interventions on people’s health, there is essential 317 

information that needs to be reported to allow the comprehension and accurate evaluation of 318 

the findings (Montgomery et al., 2018; Seaman et al., 2020; Sterne et al., 2016, 2019). The 319 

Consolidated Standards of Reporting Trials (CONSORT) and the Strengthening the 320 

Reporting of Observational Studies in Epidemiology (STROBE) provide guidelines about 321 

this (Moher et al., 2010; von Elm et al., 2007). Readers may also consult the American 322 

Psychological Association guidelines for quantitative (Appelbaum et al., 2018) and 323 

qualitative studies (Levitt et al., 2018) as well as the EQUATOR network 324 

(https://www.equator-network.org/), which compiles reporting guidelines according to the 325 

study’s design.  326 

Considering these guides, in this paper, we focus on four elements we believe are 327 

especially relevant for the interpretation and replicability of studies of NBA interventions. 328 

We describe these elements in the order they normally appear in an intervention study 329 

(Moher et al., 2010). The (a) first element is a detailed description of the interventions, (if 330 

any) co-interventions, and the setting where they take place. Co-interventions are other 331 

https://www.equator-network.org/
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treatments or preventive interventions received by study participants that are not part of the 332 

study (Berwanger et al., 2006). For example, a person engaged in an NBA intervention may 333 

also be receiving private counseling. If the private counseling is not reported, the readers 334 

cannot link change in health outcomes to this co-intervention and may believe that any 335 

change in outcome was due to the NBA intervention. Describing the elements involved in 336 

NBA interventions is especially important because these interventions often involve several 337 

nature-based activities (e.g., hiking, climbing, canoeing) taking place in different settings 338 

such as forests (Shin et al., 2012), mountains (Sturm et al., 2012), and sea (Gelkopf et al., 339 

2013). Moreover, it is expected that different natural environments will have different effects 340 

on people’s health, so knowing in detail the setting where the NBA intervention took place 341 

helps researchers to understand the possible impact of specific environments on people’s 342 

health (Kaplan, 1995; Ulrich et al., 1991). Finally, detailed information of the (co) 343 

interventions and setting are necessary for possible replication efforts. The (b) second  344 

element that should be reported is the number of dropouts and reasons for dropping out. This 345 

information is especially relevant in studies of NBA interventions because the number and 346 

reasons for dropping out can vary widely across studies. For instance, whereas no participant 347 

dropped out from an NBA intervention involving a low ropes course and canoeing (Li et al., 348 

2013), 12 of 45 (27%) participants dropped out from an intervention involving surfing 349 

(Pereira et al., 2020). Moreover, under certain conditions dropouts can bias effect estimates 350 

(Sterne et al., 2016, 2019). Adverse events are the (c) third element we believe is especially 351 

important to be reported in studies of NBA interventions. It is important to report these 352 

because serious adverse events may not be as rare in NBA interventions as in less risky 353 

interventions such as psychotherapy, walking, and slight changes in diet (Cave, 1979; Houge 354 

Mackenzie & Brymer, 2020; Moreton et al., 2021; Müller et al., 2011; Norton, 2008; Vissell, 355 
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2004; Wall, 1993). The (d) fourth element is a declaration of conflict of interest and research 356 

funding. There are a diversity of reasons for having a conflict of interest in research such as 357 

financial interest, professional promotion or recognition, beliefs, and speculation (Ioannidis, 358 

2010). As an example of a financial conflict of interest in NBA research, running an NBA 359 

program may be a profitable business and some program owners may fund or work together 360 

with researchers to report the findings of their program (O’Mara-eves et al., 2016). Because 361 

the reported results may increase or decrease people’s interest in the intervention, there is a 362 

financial conflict of interest in this kind of study (Higgins et al., 2019; Ioannidis, 2010). 363 

These four elements and their importance in studies of NBA interventions are explained in 364 

greater detail below. 365 

Description of the (co) Interventions and the Settings where NBA Interventions Took 366 

Place 367 

Many studies of NBA interventions report limited descriptive information about the 368 

interventions assessed (e.g., Meerts-Brandsma et al., 2020; Nurenberg, 1985; Rosenberg et 369 

al., 2014; Smith, 2010). There is a lack of detail about the place where the intervention took 370 

place and the activities provided during the intervention. Knowing the intervention in detail is 371 

essential to figure out which elements might have affected the outcomes of interest and to 372 

favor replicability (Moher et al., 2010; Montgomery et al., 2018; Tucker & Rheingold, 2010). 373 

For example, if a study of an NBA intervention does not report that participants also engaged 374 

in psychotherapy, we may erroneously think that the NBA intervention is the only reason for 375 

change in the outcome of interest. To avoid inaccurate interpretations of the findings, it is 376 

relevant to report whether co-interventions occurred and their characteristics. Similarly, when 377 

the setting where the NBA intervention took place is not described in detail and the activities 378 

conducted are vaguely explained, replicability is hindered (Moher et al., 2010; Montgomery 379 
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et al., 2018; Tucker & Rheingold, 2010). A detailed description of the intervention and 380 

setting may also be important for intervention or program fidelity/integrity, which refers to 381 

whether or not, and how well, the intervention or program is implemented as planned (Tucker 382 

& Rheingold, 2010). As Tucker and Rheingold explain (2010, p. 262) ‘the more clearly 383 

defined a program or intervention is and the better the descriptions of specific aspects of it 384 

are, the greater the chance is that it will be implemented with fidelity.’. To favor the 385 

comprehension of the study’s findings as well as its replication, researchers should provide a 386 

detailed description of the NBA intervention, the co-interventions (if any), including the 387 

setting where the intervention took place, and the activities provided to both, the 388 

experimental and the comparison group(s), if any.  389 

The Number of Dropouts and Reasons 390 

People's adherence to the intervention is relevant because those who drop out from the 391 

intervention may not get any benefit from it or might even have had negative experiences 392 

during the intervention (Sterne et al., 2016, 2019). For instance, in a study assessing the effect 393 

of a sailing intervention on quality of life, some participants dropped out because they did not 394 

like sailing (Gelkopf et al., 2013). Dropouts are common in interventions aimed at improving 395 

mental health because it generally takes some tries to find the most effective treatment(s) for 396 

each individual (Bernaras et al., 2019; Kappelmann et al., 2020; Lopresti, 2019). Despite this, 397 

many studies of NBA interventions do not report the number of participants who dropped out 398 

from the intervention (e.g., Bird, 2015; Eikenæs et al., 2006; Hyer et al., 1996; Jakubec et al., 399 

2016; Shin et al., 2012). This practice might lead to a bias in the interpretation of the 400 

intervention’s effect (see Sterne et al., 2016, 2019). Given the relevance of reporting the 401 

number of dropouts and the reasons for them, we encourage researchers to include this 402 

information in their studies, possibly through a flow diagram (see Moher et al., 2010). It is 403 
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also a good practice to consider the potential impact of the missing data due to dropouts on 404 

the studies’ results or, in other words, to conduct attrition analyses (see Bell et al., 2013; 405 

Seaman et al., 2020 for further guidance). 406 

Adverse Events or Effects of NBA Interventions 407 

An adverse event is ‘an unfavourable or harmful outcome that occurs during, or after, 408 

the use of a drug or other intervention, but is not necessarily caused by it’ and an adverse 409 

effect is ‘an adverse event for which the causal relation between the intervention and the 410 

event is at least a reasonable possibility’ (Higgins et al., 2019, p. 494). NBA activities entail a 411 

series of risks that are rarer or even not present in non-adventurous activities. These risks may 412 

vary according to the activities (e.g., drowning while surfing or falling while skiing) and the 413 

risk management practices adopted by the intervention providers (Javorski & Gass, 2013). 414 

For example, the risk of having a concussion may be higher when practicing motocross than 415 

when sailing (Feletti & Bonato, 2020). Whereas many activities outdoors can be relatively 416 

safe (Javorski & Gass, 2013; Rosa et al., 2021), serious adverse events have been related to 417 

some NBA interventions (Cave, 1979; Dobud & Harper, 2018; Müller et al., 2011; Vissell, 418 

2004). For instance, an intervention led by ski instructors to assess the effects of guided 419 

skiing on adults aged 60 to 76 in Austria reported that two participants had a leg fracture and 420 

three felt knee pain during the period of the intervention (Müller et al., 2011). Moreover, of 421 

the 21 participants who filled a questionnaire about falls, 17 reported at least one fall. Despite 422 

this, NBA intervention studies often do not report whether adverse events occurred or did not 423 

occur (e.g., Gelkopf et al., 2013; Li et al., 2013; Pereira et al., 2020; Shin et al., 2012; Sturm 424 

et al., 2012; Townsend et al., 2018; Walter et al., 2019). This hinders the assessment of the 425 

risk-benefit of the intervention and, hence, impairs the decision of promoting or disregarding 426 

such intervention. For example, knowing that serious adverse events can occur during a 427 
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guided skiing intervention may prevent a practitioner to use this kind of NBA activity to 428 

improve their clients’ physical fitness. Alternatively, this practitioner may use an activity that 429 

is thought to be safer like backpacking. Thus, we encourage researchers to report the number 430 

and characteristics of adverse events occurred during their NBA interventions. 431 

Conflict of Interest and Research Funding in NBA Interventions 432 

Conflicts of interest can arise when individuals involved in research on the impact of a 433 

NBA intervention desire to obtain specific results (Higgins et al., 2019; Ioannidis, 2010). 434 

Such desire may be motivated by financial interest, job promotion or recognition, or even out 435 

of personal beliefs and speculation (Higgins et al., 2019; Ioannidis, 2010). The conflict of 436 

interest may be stronger in studies of NBA interventions when researchers have a financial 437 

interest in the intervention, such as when testing private-pay adventure programs they are 438 

affiliated with, than when working with non-profit organizations (DeMille et al., 2018; 439 

Higgins et al., 2019; Ioannidis, 2010). O’Mara-eves et al. (2016) found in their review of 440 

outdoor adventure programs that 13 of the 16 included studies were funded by private non-441 

governmental organizations. Reporting conflict of interest and funding is important because 442 

these might influence the design, procedure, data analysis, and results reporting of studies 443 

assessing a health intervention (Higgins et al., 2019). There is evidence that studies tend to 444 

present more favorable results or interpretations of the interventions’ effect when they have a 445 

financial interest in it (Higgins et al., 2019). The fact that a conflict of interest exists in a 446 

study does not make it unworthy. It just reflects the need to be aware of it when considering 447 

the study’s results (Higgins et al., 2019; Ioannidis, 2010). Pre-registration may improve the 448 

trustworthiness of studies in which conflict of interest is unavoidable because it implies the 449 

registration of the study’s participants, intervention, measures, and outcomes of interest 450 

before beginning the study (Moher et al., 2010; Page et al., 2021; Sterne et al., 2016, 2019). It 451 
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is also important that researchers report the study’s results independent of whether the 452 

findings align or not with their interests. Though it is required by many journals that authors 453 

report their conflict of interest and funding, it is common to find both published and 454 

unpublished studies of NBA interventions that did not report whether or not the authors have 455 

a conflict of interest or received funding for their study (e.g., Gelkopf et al., 2013; Shin et al., 456 

2012).Following existing reporting guidelines, we recommend reporting information about 457 

the study’s conflict of interest and funding, even when there isn’t any (e.g., ‘The authors 458 

declare they have no conflict of interest’).  459 

Analytical Approach and Reporting of Studies of NBA Interventions Published in the 460 

Journal of Adventure Education and Outdoor Learning (2019-2021) 461 

To better illustrate the above-mentioned suggestions to improve the analysis and 462 

reporting of studies of NBA interventions, we assessed all quantitative studies of NBA 463 

interventions published in the Journal of Adventure Education and Outdoor Learning 464 

(JAEOL) in the last three years (2019-2021). We chose JAEOL because it is one of the main 465 

outlets publishing research about NBA, so it would be more likely to find eligible studies in 466 

this journal as compared to others. The period was chosen to favor feasibility but still provide 467 

a screenshot of the most recent practice. The first author alone performed the selection 468 

process and extracted the data from included studies. The involvement of another researcher 469 

in these phases is recommended to reduce the probability of errors, nonetheless, it was not 470 

feasible for this study (Higgins et al., 2019). Fortunately, due to the small scale of this review 471 

and the simplicity of the data extraction, we do not believe any important error has occurred 472 

(Robson et al., 2019). 473 

 We were unable to expand our evaluation to other journals or to a longer period due 474 

to resource constraints (e.g., time and funding) but this does not affect our objective (i.e., to 475 
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illustrate the limitations and suggestions described in previous sections by using as examples 476 

studies published in a leading journal in the field).  Nevertheless, this review should not be 477 

seen as representative of all published NBA studies or even of the studies published in 478 

JAEOL. Because we did not have an a priori hypothesis, we did not register a protocol for 479 

this review (Schultz et al., 2018).  480 

The first step to conduct this review was to develop criteria to deem which studies are 481 

eligible for this evaluation and which are not. These criteria are detailed in Table 1. In the 482 

second step, the first author of this paper screened all studies for eligibility (see Figure 1). Of 483 

the 92 studies published in the period of interest (2019-2021), six were deemed eligible and 484 

evaluated (Chang et al., 2019; Hackett et al., 2021; Ilagan et al., 2020; Meerts-Brandsma et 485 

al., 2020; Mutz et al., 2019; G. J. Thomas, 2019). As an example of the application of the 486 

eligibility criteria, we excluded Kourtesopoulou and Kriemadis (2021) because the setting 487 

where the intervention took place was not described in enough detail to judge whether it was 488 

a natural setting. 489 

<Please, insert Table 1 and Figure 1 about here> 490 

In the third step, the first author extracted information regarding the main 491 

characteristics of the eligible studies (Table 2) and information relevant for the evaluation of 492 

the analytical approach and reporting of these studies (Table 3). This information was limited 493 

to the topics discussed in this paper. 494 

<Please, insert Tables 2 and 3 about here> 495 

The main characteristics reported in Table 2 highlight the diversity of participants and 496 

outcomes that are investigated in studies of NBA interventions. For example, participants 497 

groups included adult mentors, cadet women, year nine students, and German-speaking 498 

adolescents. Outcomes included confidence in skills, happiness, and perceived stress. The 499 
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sample size of included studies ranged from 12 to 261 participants. In line with the broader 500 

literature on wilderness therapy (Bowen & Neill, 2013), five studies adopted a one-group, 501 

pre-post design where there is no comparison group and participants are assessed before and 502 

after the intervention and one study used a non-randomized controlled design where 503 

participants are not randomly assigned to groups. No study included a follow-up assessment. 504 

Four studies occurred in the United States of America (USA), one in Australia, and one in 505 

France.  506 

 Regarding information relevant for the evaluation of the analytical approach (Table 507 

3), two of the six studies conducted some statistical control for prognostic variables and all 508 

studies performed a within-group test of significance. For instance, assuming that the change 509 

in their outcome of interest may vary according to sex, Chang et al. (2019) analyzed whether 510 

their findings differed between males and females. Similarly, Mutz et al. (2019) assessed 511 

whether their findings differed between high-media consumers and low-to-moderate media 512 

consumers. However, this type of statistical control does not eliminate the possibility of 513 

confounding because the groups analyzed (e.g., male and female) may differ in prognostic 514 

variables. Ilagan et al.’s study (2020) is an example of how the statistical control for 515 

prognostic variables and the critical interpretation of the within-group test of significance 516 

could have improved the trustworthiness of the conclusions. In this study, the authors 517 

assessed the change in the happiness of cadet women who participated in a 3-day 518 

backpacking intervention (experimental group) and the change in the happiness of cadet 519 

women who did not participate in this intervention (comparison group). The authors found a 520 

moderate improvement in the experimental group after the intervention (d = -0.55) and 521 

virtually no change in the comparison group (d = -0.04). Based on these results, the 522 

researchers concluded that ‘cadets who participate in the backpacking activity will have 523 
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higher OHQ [Oxford Happiness Questionnaire] scores than cadets who do not participate’ 524 

(Ilagan et al., 2020, p. 7). Nevertheless, the scores of cadets in both groups were similar at the 525 

end of the intervention (experimental = 4.43; comparison = 4.35). This similarity in scores at 526 

the end of the intervention occurred because the experimental group started the intervention 527 

with baseline scores considerably lower than the comparison group (experimental = 3.99; 528 

comparison = 4.32). Thus, the experimental group had more room for improvement than the 529 

comparison group, being the baseline score a possible prognostic variable in this study. In 530 

this case, the authors could have assessed between-group differences in happiness after the 531 

intervention while statistically controlling for the baseline happiness of the participants 532 

(Vickers, 2001). Given the authors’ design, this approach is the most appropriate to support 533 

their conclusion of between-group differences (Bland & Altman, 2011; Vickers, 2001). 534 

Concerning the reporting of the six included studies (Table 3), no study described the 535 

(co) interventions and the setting they took place in enough detail to allow direct replication, 536 

half of these studies reported the number of participants who dropped out, no study reported 537 

information about adverse events, all studies presented a declaration of conflict statement, 538 

and two of the six studies did not report any information related to funding.  539 

Whereas the information describing the (co) interventions and the settings where they 540 

took place was not enough for direct replication in any included study, the amount of 541 

information varied substantially across studies. For example, Hackett et al. (2021) reported 542 

the kind of activity performed in each location in their study (e.g., rock climbing and tree 543 

identification occurred in Riverside Park, Milwaukee). Despite providing considerable 544 

information regarding their intervention and setting, these authors did not describe the 545 

activities in enough detail to allow direct replication (e.g., the duration of each activity, the 546 

number of people in each session, and the responsible staff). On the other side, Meerts-547 
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Brandsma et al. (2020) provided little information about the setting where their intervention 548 

took place.  549 

Regarding dropout, the findings (Table 3) support our argument that dropout varies 550 

widely from study to study of NBA interventions and that the number of participants who 551 

dropped out is sometimes not reported. Moreover, the reasons why participants dropped out 552 

were not reported in any of the included studies. Even more concerning is the fact that no 553 

study reported information about adverse events. This lack of information may be because no 554 

adverse event occurred, but it may also be that the authors did not get information about 555 

adverse events or decided not to include this information (e.g., believed it was not relevant to 556 

report). 557 

A positive finding was that all reviewed studies provided a conflict of interest 558 

statement, probably because it is a norm of the JAEOL. We also believe that reporting 559 

funding information is a norm of this journal but two studies did not report information about 560 

funding. It may have occurred because no statement appears in the study when the authors 561 

did not report funding on the journal’s submission page. However, it is impossible to discern, 562 

when there is no information in the study about funding, if there was no funding for the study 563 

or if the authors did not report their funding. Thus, it may be a good practice to report 564 

information about funding even when there was no funding, for example, by writing that the 565 

study received no funding. 566 

Conclusion 567 

 Many studies of NBA interventions argue that these interventions provide health 568 

benefits to participants (e.g., Gelkopf et al., 2013; Ilagan et al., 2020). These conclusions are 569 

supported by theories explaining the health benefits of contact with nature more broadly 570 

(Kaplan, 1995; Ulrich et al., 1991), and specific frameworks describing the health benefits of 571 
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NBA activities (Fernee et al., 2017; Houge Mackenzie et al., 2021; Russell & Farnum, 2004). 572 

Nonetheless, methodological limitations in the study design and data analysis and a lack of 573 

information when reporting the results sometimes make the positive effects found in favor of 574 

NBA interventions questionable (Sterne et al., 2016, 2019). In this paper, we discussed 575 

limitations that may occur in the design and data analysis of studies of NBA interventions, 576 

argue the need to report some information, and illustrated our suggestions by using as 577 

examples studies published in JAEOL from 2019 to 2021. This analysis of JAEOL allowed 578 

us to exemplify our suggestions with recent studies published in a leading journal dedicated 579 

to adventure research. We focused on quantitative studies of NBA interventions but many of 580 

our suggestions may also be useful for quantitative researchers from other fields. For 581 

example, any non-randomized controlled study should consider the impact of prognostic 582 

variables and base arguments regarding group differences in between-group analyses rather 583 

than within-group significance tests (Bland & Altman, 2011; Sterne et al., 2016).  584 

Our study is not without limitations, the main ones being the use of a broad definition 585 

of NBA, and the fact that we did not discuss how analysis and reporting vary across studies 586 

depending on the kind of adventure intervention provided to participants (e.g., involving 587 

mental health professionals versus not involving these professionals). Our decision to use a 588 

broad definition of NBA was based on our aim to highlight methodological challenges 589 

appearing across studies in the field and to provide suggestions that might be useful for a 590 

wide range of studies. Whereas it was not the focus of our study to describe how dropout 591 

differs according to interventions’ characteristics, nor to discuss in detail the different reasons 592 

behind the conflict of interest, we encourage future research on these topics. Our aim in 593 

focusing on the challenges presented in the paper is not to criticize previous work in the field 594 

that has achieved a growing recognition of the role of NBA interventions in the promotion of 595 
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people’s health. Rather, we hope that outlining these challenges and research guidelines will 596 

encourage future studies to control for prognostic variables, avoid within-study tests of 597 

significance when having a comparison group, and report more detailed information about 598 

the intervention, setting, dropouts, adverse events, conflict of interest and research funding. 599 

In the end, improving the analysis and reporting of studies of NBA interventions will make 600 

these studies more trustworthy, favor replicability, and better inform the decision of using or 601 

not NBA interventions to improve people’s health.  602 
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Table 1 963 

Eligibility criteria for inclusion in our analysis of studies of NBA interventions published in 964 

JAEOL (2019-2021) based on population (P), intervention (I), comparison groups of interest 965 

(C), outcomes (O), and study designs (S) 966 

PICOS Description 

Population Studies with humans at any age, healthy or unhealthy 

Intervention Studies that provide or consider any form of NBA intervention. We 

define NBA intervention as the promotion of one or more activities 

of adventure in a natural setting. We considered a natural setting as 

an environment that has a significant presence of soil (e.g., 

mountains), vegetation (e.g., trees), and/or water, and that was not 

highly altered by humans 

Comparison 

groups of 

interest 

Studies with any comparison/control group and studies without a 

control group 

Outcomes Studies assessing any quantitative outcome 

Study design Quantitative randomized and non-randomized studies of interventions  

Note. JAEOL = Journal of Adventure Education and Outdoor Learning; NBA = Nature-based 967 

adventure 968 

  969 
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Table 2 970 

Main characteristics of the studies included in our analysis of studies of NBA interventions 971 

published in the JAEOL (2019-2021) 972 

First 
author 
(year) 

Participants N Mean 
age or 

age 
range 

Women 
% 

Time (T) in 
which data was 

collected 

Outcome 
measures 

Study 
design 

Country 

Hackett 
(2021) 

Adult mentor 
and child 

mentee pairs 
and families 

44 8 to 60 88.46 T1: Within two 
weeks before the 
program starting 
T2: One to four 
weeks after the 

program 

Outdoor Skills 
Confidence 

Scale 

One-group, 
pre-post 

United 
States of 
America 
 

Ilagan 
(2020) 

Cadet women 
backpackers 

12 18 to 
21 

100.00 T1: Two nights 
before the trip 

T2: Last night of 
the trip 

Oxford 
Happiness 

Questionnaire 

Non-
randomized 
controlled 

trial 

United 
States of 
America 

 
Meerts-

Brandsma 
(2020) 

National 
Outdoor 

Leadership 
School 
(NOLS) 
students 

139 23 57.78 T1: Before the 
arrival at NOLS 

T2: After the 
course 

Learning 
Activities 

Survey and 
The University 
of Rhode Island 

Change 
Assessment 

scale (URICA) 

One-group, 
pre-post 

United 
States of 
America 

 

Thomas 
(2019) 

Year nine 
students 

261 NI NI T1: At the 
school before 
the program 

T2: Near the end 
of the program 

The Life 
Effectiveness 
Questionnaire 

One-group, 
pre-post 

Australia 

Mutz 
(2019) 

German-
speaking 

adolescents 

108 17.8 38.84 T1: Before the 
activities 
T2: In the 

evening of the 
last day 

Perceived Stress 
Questionnaire;  

a life 
satisfaction 

question; and 
an adapted 
measure of 

hedonic balance 

One-group, 
pre-post 

France 

Chang 
(2019) 

College 
students 

33 20.67 66.66 T1: Meeting in 
the classroom 
T2: Before the 

field trip 
T3: At the 

conclusion of 
the field trip 

Salivary cortisol 
and the 

Perceived Stress 
Questionnaire 

One-group, 
pre-post 

United 
States of 
America 

Note. JAEOL = Journal of Adventure Education and Outdoor Learning; NBA = Nature-based 973 

adventure; NI = No information 974 

  975 
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Table 3 976 

Description of the studies of NBA interventions published in JAEOL (2019-2021) regarding 977 

the analytical approach and the reporting elements discussed in this paper 978 

First 
author 
(year) 

Statistical 
control 
for any 

prognostic 
variable 

Within-
group test 

of 
significance 

Description of 
the (co) 

interventions 
and setting 

where the (co) 
interventions 

took place 

Number 
of 

dropouts 

Adverse 
events 

Declaration 
of conflict 
of interest 

Funding source 
declaration  

Hackett 
(2021) 

No Yes Insufficient detail 
for replication 

2/28 NI Declared Reported 

Ilagan 
(2020) 

No Yes Insufficient detail 
for replication 

NI NI Declared Reported 

Meerts-
Brandsma 

(2020) 

No Yes Insufficient detail 
for replication 

NI NI Declared NI 

Thomas 
(2019) 

No Yes Insufficient detail 
for replication 

NI NI Declared Independentstudy 

Mutz 
(2019) 

Yes Yes Insufficient detail 
for replication 

0/108 NI Declared NI 

Chang 
(2019) 
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Figure 1 983 

Flow diagram illustrating the process of selection of studies eligible for the analysis 984 
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