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Abstract Data gathering in psychological research is changing given the techno-
logical evolution and the availability of many different devices. However, very 
little research has been done to verify the validity of this kind of psychological 
measurements, even if a valid measure is the starting point for a valid research. 
Our study presents the results of a daily measurement of affect connected with the 
amount of time a person spends in a natural setting, considering the paradigm of 
restorative environments. High level of compliance was found from respondents, 
and also a good quality of the used measurements, in term of construct validity 
(using a Confirmatory Factor Analysis), invariance of the measure across days, 
and criterion related validity. 

Keywords Innovative online and mobile assessment · Restorative environments · 
Positive affect · Multi-level confirmatory factor analysis 

1 Introduction* 

Psychological research is often connected with the assessment of psychological 
constructs, and good quality of measurements is a fundamental requirement to in-
crease internal validity, i.e. the extent to which a causal relation based on a study can 
be considered justifiable. The lack of systematic errors increase internal validity and 
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a usual source of systematic error in behavioural sciences could be the measurement 
instrument (scale) used to assess a psychological construct. A good scale has good 
psychometric properties, specifically validity and reliability. Nowadays, given the 
growth in technological developments, psychological constructs can be assessed 
using many different devices (personal computers, laptops, tablets, mobile phones). 
Even if many advantages can be connected with this possibility, there is a lack of 
scientific literature concerning the actual uses and the real effectiveness of these 
applications to increase data quality and consequently psychological research 
quality [16]. 

The use of these devices in the assessment could present various advantages. 
First, one advantage comes from the assessment mode, the self-administration in 
absence of a data collector. Data quality could be higher in self-administration 
modes, especially when the topic of interest is in some way sensitive [11]. In addi-
tion, people may tend to give more socially desirable responses in interviewers’ 
administration than in self-administration [4].  

Another advantage concerns the possibility, in contrast to what happens in 
laboratory studies, to record the construct of interest within the individual’s envi-
ronment, increasing ecological validity [14]. This possibility is extremely impor-
tant in environmental psychology, in which research designs are used to explore 
human behaviour in relation to physical environment. The possibility to assess the 
constructs of interest when participants are in their real environment (allowing 
also to measure response latency) can increase the validity of the measures, with 
respect to the same assessment using lab studies and simulated environments, as 
pictures or virtual reality. Furthermore, assessing constructs as they naturally  
occur, permits to avoid some biases connected with retrospective self-report 
methods, for instance “peak” and “recency” effects [8].  

Another advantage in using technological devices as personal computers, tab-
lets or mobile phones to collect data in psychological research studies seems to be 
connected with higher and easier participation. Axinn, Gatny, and Wagner [1] 
found that allowing participants to switch modes in mixed-device survey research 
kept involved more participants compared to a web only approach. When ques-
tionnaires are dynamically programmed and suitable for completion on small  
devices, more people are inclined to use them for survey completion. 

Even if this kind of assessment is becoming more and more frequent, the cur-
rent state of knowledge about the dynamics of taking surveys on mobile devices is 
not as advanced as necessary, and more scientific literature is needed to evaluate 
some methodological aspects. For instance, it could be interesting to verify the 
participants’ compliance. Another critical issue concerns the psychometrical prop-
erties of scales administered using these modes. A typical psychometric property 
of a scale consists in construct validity, i.e. the fact that the scale behaves as it 
should behave, respecting the underlying theory. Another important kind of valid-
ity which is usually verified is criterion-related validity, i.e the relation between 
the measure and another variable theoretically connected with the construct as a 
criterion variable. 
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Therefore, the present study aims to address these issues using a daily assess-
ment of affect considering the paradigm of environmental psychology and restora-
tive environments, in particular the “Stress Recovery Theory” [18] and the “Atten-
tion Restoration Theory” [9]. Taking into account these theoretical approaches, 
many research studies report that the exposure to natural environments produces 
positive changes in emotional states. In particular, experiencing natural environ-
ments is connected with health, well-being, and positive mood [3, 7, 17]. The 
huge amount of studies which report the positive effect of natural environment on 
affect lead us to choose this paradigm to verify the effectiveness of a multi-device 
assessment method. In the psychological literature, the two most general compo-
nents characterizing affective experiences are Positive Affect, PA, and Negative 
Affect, NA (or Positive and Negative Activation, according to more recent formu-
lations underlying their activation component) [20, 21]. Beyond being the struc-
tural dimensions of affect more frequently characterizing English mood terms, 
they represent the emotional dimensions underlying subjective well-being and 
they are strongly connected to personality factors [6, 19]. 

The aim of our study was to verify measurement quality of a daily affect as-
sessment, related to how long participants had been in a natural setting or in a 
built setting during the day, along one week. This aim was explored in four steps: 

 exploring which device was used, the perceived usability of each used device, 
and the participants’ compliance along the week also related to the used device; 

 testing the construct validity of the scale used to assess affect, verifying the 
theoretically based one-factor structure; 

 testing the measurement invariance of the same instruments along the seven 
days in the week; 

 testing the criterion-related validity using how long a participant had been in a 
natural environment as the criterion variable. 

2 Method 

2.1 Participants 

The sample included 108 Italian first- and second-year undergraduate students 
enrolled at a Psychology degree (mean age: 25 year, SD=6.1; 95% female). In-
formed consent forms described the potential participants of the goals of the study 
and that they could stop their participation at any time during the study. To be 
included in the study, participants had to give their e-mail address. Data were 
collected between November 13 (Friday) and November 19 (Thursday), 2016. 
After data collection, all participants were informed in a public meeting about the 
results. 
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2.2 Material and Procedure 

During the study week, the participants received an e-mail message every morning 
at 10, in which they were reminded to answer to an online questionnaire between 
6 p.m. and midnight.  

The online questionnaire was developed and administered using the Apsym-
Survey Software (ApSS). ApSS is a LAMP1 customization of the LimeSurvey 
open-source project that allows to create powerful online question and answer 
surveys that can work for a few or many simultaneous participants, close or far 
away, by means of a common internet browser. ApSS follows a Branching/Skip 
logic procedure, in order to result self-guiding for the participants who are re-
sponding. The main operating characteristics that ApSS offers are: 30 different 
question types, multi-lingual surveys, WYSIWYG (acronym for ‘What You See Is 
What You Get’) online-editor, possibility to integrate pictures and movies into a 
survey, anonymous/not-anonymous surveys, option to buffer answers to continue 
a survey at a later time, cookie or session based surveys, survey expiry dates, im-
port/export functions for many types of file-extensions, descriptive statistical 
analyses. In particular, it allows the use of multiple different types of devices 
(computers, tablets, smartphones) for an ecological assessment due to its respon-
sive-layout, i.e. a web design-approach oriented to provide a final adjusted  
viewing and interaction experience, comfortable reading and navigation with a 
minimum of resizing and scrolling across a wide range of devices. 

In order to have a better user-experience, an Apsym-Survey Software applica-
tion for Smartphone/Tablet (ApSS-app, for Android and IPhone/IPad devices) was 
developed using Apache Flex, an open-source application framework/cross-
platform runtime system that allows to develop mobile applications by Action-
Script (i.e., an object-oriented programming language). 

The questionnaire focused on several measures, among which Positive and Nega-
tive Affect and time spent in physical environments. The kind of device used by 
participants and usability of each device were also monitored with some specific 
questions. 

2.2.1 Positive and Negative Affect Schedule 

Affect was measured using the italian version of the Positive and Negative Affect 
Schedule, PANAS [20], validated into Italian by Terracciano, McCrae, and Costa 
[15]. It’s a 20-item scale presenting adjectives referred to two higher-order factors, 
Positive Affect (e.g., active, enthusiastic, excited) and Negative Affect (e.g., 
afraid, upset, distressed), with ten adjectives for each factor. Participants were 
asked to evaluate how much they had felt the state described by each adjective on 
                                                           
1 LAMP is an model of web service solution stacks, acronym of the names of four original 

open-source parts: Linux, the well-known Unix-like computer operating system (OS), 
Apa-che HTTP Web-Server, MySQL relational database management system (RDBMS), 
and PHP server-side scripting language for web development. 
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a 7-point Likert-type scale (1 = not at all and 7 = very much), referring to the cur-
rent day. Since natural environment should increase positive mood, only the  
Positive Affect dimension was considered in the present study. 

2.2.2 Physical Environment 

One item was used to assess the amount of time a person was in a natural envi-
ronment during each day. The question concerns how long participants had been in a 
natural setting, and it was evaluated on a 5-point Likert scale (1 = never; 2 = until 30 
minutes; 3 = from 30 minutes to 1 hour; 4 = from 1 to 2 hours; 5 = more than 2 
hours).  

2.2.3 Devices’ Use and Usability 

Which device has been used and the evaluation of usability of each device were 
assessed in the last-day survey, with some specific items. 

2.3 Data Analyses 

First, descriptive statistics were computed, to explore the use of the different  
devices and the compliance. We define compliance as answering to the question-
naire all the seven days. To test construct validity, Confirmatory Factor Analysis 
(CFA) was performed, to verify the mono-factorial structure of the scale. Due to 
the structure of the data, collected for seven days on the same sample, multilevel 
CFA was run using complex option of Mplus, version 6.11 [12]. We took into 
account the Chi-square (χ2), the comparative fit index (CFI), the Tucker-Lewis 
index (TLI), the root-mean-square error of approximation (RMSEA), and the 
standardized root-mean-square residuals (SRMR), with CFI ≥ .90, RMSEA ≤ .08, 
and SRMR ≤ .11 as threshold values [2]. Measurement invariance was verified 
with a multi-group CFA. We checked for the model invariance across the seven 
days assessing the factor structure simultaneously for each day. Measurement 
Invariance (MI) analyses examined hypotheses on the similarity of the covariance 
structure across days by considering: (1) configural invariance, allowing all the 
parameters to be freely estimated; (2) metric invariance, requiring invariant factor 
loadings; (3) scalar invariance, requiring also invariant intercepts; and (4) unique-
ness invariance, requiring invariant item uniqueness. Due to the small size of our 
sample, support for non-invariance required Δ CFI ≤ -.005, supplemented by Δ 
RMSEA ≥ .010 or SRMR ≥ .025, for testing metric invariance, and .010 or .005, 
respectively, for testing scalar and uniqueness invariance.  

To test criterion-related validity, bivariate Pearson’s correlation coefficient  
between positive affect and the amount of time spent in a physical environment 
during the seven days was used. 
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3 Results and Discussion 

3.1 Use of the Devices and Compliance 

Smartphone has been the most used device, with 77.8% of the participants using it 
at least one time, followed by notebook (41.7%), tablet (20.4%), PC desktop 
(15.7%) and mobile phone without touch screen (11.1%). When asked to estimate 
the percentage of use of a device during the week, mean percentage of use of 
smartphone was 78.8%, 34.4% for notebook, 17.2% for tablet, 14.4% for mobile 
phone, and 11.8% for PC desktop. Concerning usability, estimated on a 7-point 
Likert scale, all the devices were evaluated quite easy to use: notebooks and tab-
lets were evaluated as the easiest devices, with 83.7% and 81.3% of the sample 
choosing the first two point of the scale (“not demanding at all”, “low demand-
ing”). A bit more demanding was considered the smartphone, with 52.9% of par-
ticipants considering it “not demanding at all” or “low demanding”.  

Participants’ compliance was quite high: 77.8% of participants answered each 
of the seven days. Considering the participants who did not comply, 70.8% did not 
answer once, 20.8% did not answer twice, and 8.3% of the sample did not answer 
for three days. Along days, compliance varied from 97.2% to 93.5%, and no 
week-end effect could be identified [5]. Compliance was also related to the used 
device: only 19% of missing was present in participants who declared to use the 
smartphone more frequently than the other devices. 

3.2 Psychometric Properties of the PANAS Positive Affect 
Subscale 

Since some adjectives of the scale were almost synonymous (enthusiastic and 
excited; concentrated and attentive), we decided to add two covariances between 
errors in the model. The model showed good fit indexes: χ2(33) = 151.56,  
p < .001, CFI =.96, TLI = .94, RMSEA = .070, and SRMR = .036. All factor load-
ings were statistically different from 0, ranging from .48 to .80. This result con-
firms the theoretical one-factor structure of the Positive subscale of the PANAS 
administered using this mode. 

3.3 Invariance of Measurement across Days 

The results of the sequence of gradually more restrictive tests of MI supported the 
higher level of invariance, in particular: metric invariance (Δ CFI = .000;  
Δ RMSEA = .004), scalar invariance (Δ CFI = .002; Δ RMSEA = .002), and 
uniqueness invariance (Δ CFI = .005; Δ RMSEA = .008), across days. This means 
that the same factor structure of the scale, that is the theoretically based one-factor 
structure, was confirmed across the seven days. 
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3.4 Criterion-Related Validity 

Bivariate Pearson’s correlations were computed, day by day, between the extent of 
the time spent in a natural environment and the Positive Affect. Table 1 shows 
these correlations. 

Table 1 Pearson’s correlation coefficients (r) between time spent in a natural setting and 
Positive Affect, for the seven days 

 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Correlations between time 
spent in a natural setting 
and Positive Affect 

.21* .21* .26* .21* -.11 .20* -.01 

*p < .05. 

 
Except for day 5 and day 7, for which the two variables were not related, in all 

the other five days we found significantly positive moderate correlations, confirm-
ing that a more intense positive affect corresponds to a higher amount of time one 
person spends in a natural setting. 

4 Conclusions 

Our research study aimed at investigating the measurement quality of a daily affect 
self-assessment using different multiple devices, in the participants’ everyday life 
setting and not in a lab. The advantage to use this assessment mode is connected to 
the possibility to assess a psychological construct in an ecological situation. This is 
extremely important, for instance, in environmental psychology, that study the physi-
cal environment’s impact on human perceptions and behaviours. In the present study 
the daily affect assessment was also related to the amount of time participants have 
been daily in a natural setting, considering the paradigm of environmental psychol-
ogy and restorative environments as the theoretical frameworks [9, 18]. 

First, an interesting result concerns the most used device by the sample of 
young-adult participants: smartphone was the favourite device, and the other de-
vices (in order: notebook, tablet, PC desktop, mobile Phone with no touch-screen) 
was clearly less used. This could depend on the age and educational level of par-
ticipants: younger and educated population tend to use smartphone more than 
other populations, and more than other devices [10]. Despite the fact that this was 
the favourite device, smartphone’s usability for this survey was considered lower 
than other devices’ usability, such as notebook or tablet. This result suggests that 
more information should be gathered about the reasons of this lower perceived 
usability in the present case. Data also documented a high participants’ compli-
ance along the week (highest for smartphone users), suggesting that proposing an 
easy way for participants to respond to a survey in their everyday life setting could 
lead to a higher compliance and to lower sample mortality. To verify these specu-
lations, future works should compare directly compliance investigated with the 
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described modalities to compliance typical of more traditional data gathering in-
struments. Second, our analyses indicated the goodness of the structure of the 
PANAS Positive Affect subscale, supporting the construct validity of the meas-
urement instrument to assess affect also when presented through a multi-device 
approach system. Third, measurement invariance of measures of positive affect 
along seven days in the week further supported their validity within multi-device 
surveys. Finally, the relation between natural environment and positive affect 
documents the criterion-related validity of the measurement of affect also in this 
mode; in addition, these findings contribute to extend current theoretical knowl-
edge on the links between natural environments and affect for a specific sample. 

A severe limitation of this study concerns the sociodemographic characteristics 
of the sample, which was mainly composed of female and young participants. It 
should be important to repeat the same research using samples more balanced for 
sex, and also involve older participants, to exclude a cohort effect. Future direc-
tions could also explore the measurement invariance across modes [22], to sepa-
rately verify whether differences in the quality of measurements could be found 
considering the different devices. Also considering computer skills of participants 
could be interesting in future researches. 

Relation between positive affect and amount of time spent in a natural setting was 
found, but in this study no attention has been paid to the perceived restorativeness of 
the natural setting, which should be the direct cause of positive affect: Assessing also 
this perception, using the same mode and a short instrument [13], could contribute to 
explain better the link between natural environment and positive affect.  

Acknowledging limitations such as, for instance, the impossibility to separate the 
effect of different devices, or the non-balanced by sex and age sample, our work 
could be considered a first step to document how the growth in technological devel-
opments can be advantageous in terms of better data quality and related psychologi-
cal research quality, considering the lack of scientific findings documenting it. 
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