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Abstract 

 The aim of this study is to develop and validate a pictorial scale for measuring tense 

activation in Experience Sampling Methodology (ESM). Tense activation, characterized by 

heightened feelings of anxiety, nervousness, and being on edge, along with possible 

physiological stress responses, currently lacks measurement instruments. The proposed scale 

uses a rubber-band metaphor that visually represents varying levels of tense activation, aiming 

to enhance participant engagement and minimize response fatigue. Two studies were 

conducted: the first assessed content validity through expert evaluations, revealing mixed 

results, particularly in terms of comprehensiveness. The second study examined the scale's 

convergent, discriminant, and criterion-related validity in an ESM context. Evidence was 

found for convergent validity, discriminant validity, and criterion-related validity. Findings 

suggest that while the scale effectively measures tense activation, further refinement is 

necessary to improve its comprehensiveness and precision. 
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Introduction 

In the field of psychology, well-being is considered a fundamental component of 

human life and essential for achieving positive human health, the holistic state of optimal 

functioning (Ryff & Singer, 1998). Being a complex and multi-dimensional construct, well-

being has been conceptualized in several ways. According to Diener (1984), subjective well-

being encompasses three main components: life satisfaction, the presence of positive affect, 

and the absence of negative affect. Notably, in Diener’s view, a recurring theme in many 

conceptualizations of well-being is affect. A general term, affect is defined as the underlying 

experience of feeling, emotion, attachment, or mood (Lazarus, 1991), making it a fundamental 

part of human experience. A specific instance of affect that includes both emotions and moods 

is called an affective state (Lühring et al., 2024). An example of an affective state is tense 

activation, one of the two activation systems distinguished by Thayer (1989). It is defined as a 

state of high activation due to stressors, accompanied by negative emotions, such as 

nervousness, feeling on edge, and tension. Physical effects such as muscle tension, an 

increased heartbeat, and increased stress hormones are also possible, preparing the body to 

handle the stressors. Consequently, a person enters a state of interconnected physiological and 

psychological tension, in reaction to perceived threats. Low tense activation consists of 

calmness and relaxation, with minimal tension or anxiety. In contrast, the other activation 

system, energetic activation, is defined as a state ranging from feelings of energy and vigour 

to tiredness and fatigue. This system highlights the dynamic nature of energy levels and their 

impact on an individual's ability to engage in activities and respond to environmental 

demands. Although Thayer’s framework was initially contested and faced challenges, it was 

later validated by experimental data (Schimmack & Reisenzein, 2002). Consequently, these 

activation systems can be considered two distinct and independent dimensions. Besides being 

a verified independent activation system, tense activation, as an affective state, can be 
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interpreted by the circumplex model of Russell (1980), a model that categorizes affective 

states by valence and arousal. When applying this model, tense activation is characterized by 

negative valence and high arousal, while energetic activation is characterized by positive 

valence and high arousal. Also, although labelled differently, multiple other dimensions or 

affective states exhibit considerable overlap with tense activation. This is evident in Daniels' 

(2001) conceptualization of affective well-being, where he identifies five dimensions: anxiety, 

comfort, enthusiasm, depression, and vigour. The dimension of anxiety, similar to tense 

activation, includes emotions such as nervousness, feeling on edge, and tension. Another 

example is nervous tension, described by Spielberger (1972), which is characterized by 

feelings of tension, apprehension, and nervousness. These overlapping conceptualizations 

demonstrate that tense activation is a common and widely recognized affective state. 

Considering the important role affect plays in well-being, it is crucial to effectively 

map and distinguish between affective states. The nuanced levels of affective states can 

provide valuable information to better understand their implications for well-being and 

potentially enhance it. In the case of tense activation, its components are predominantly 

associated with negative phenomena. For example, Ganster and Rosen (2013) found that 

stress-related feelings such as tension and anxiety are linked to negative health outcomes, 

while Kassel et al. (2003) identified associations between feelings of anxiety, tension, and 

nervousness, and substance use. As these variables may have serious effects, precise and valid 

measures of tense activation could be most useful. 

Measuring Tense Activation 

 Although the dimension of “Anxiety” (Daniels, 2001) and the associated scale share 

conceptual similarities with tense activation, no measure has been specifically designed to 

assess tense activation. However, there are subscales of popular mood tests that cover this 

affective state. The “Tension-Anxiety subscale,” one of the six measured mood states in the 
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Profile off Mood States (POMS) (McNair et al., 1992), measures certain aspects of tense 

activation, with items like “I feel tense” and “I feel nervous”. Similarly, the State-Trait 

Anxiety Inventory (STAI) (Spielberger, 1983), includes a “State Anxiety scale” with items 

such as “I am tense” and “I am nervous”. Both scales focus on measuring short term affective 

states, reflecting on how one feels at a specific point in time. Additionally, these scores are 

applicable and informative in multiple contexts, underscoring the usefulness of measures of 

affective states 

Written items are known to be effective measurement tools, but they come with 

certain disadvantages, such as the need for multiple measurement items. In Experience 

Sampling Methodology (ESM), which is often used to assess moods, thoughts, symptoms, or 

behaviours that fluctuate over time (Ebner-Priemer et al., 2009), it is recommended that 

measurement durations be kept as short as possible to prevent survey fatigue among 

participants (Gabriel et al., 2019). Similarly, Ohly et al. (2010) state that diary studies should 

be designed to minimize participant burden to ensure the data collection process remains as 

efficient and manageable as possible. Furthermore, written survey items can cause cognitive 

burden when they include low-frequency words or complex sentence structures, leading to 

inaccurate responses (Lenzner et al., 2010). 

A panacea to these issues may be the use of pictorial scales. Pictorial scales are 

typically a specific form of single-item measure, which can be efficient and reduce survey 

fatigue (Matthews et al., 2022). Compared to written items, pictorial scales are known to 

decrease cognitive load, as visual cues tend to simplify the process of understanding (Sauer, 

2020). Summarizing the current disadvantages and gaps, a non-written measurement 

instrument for tense activation could be a highly useful addition. Therefore, to broaden the 

variety of measurement instruments for affective states, a single-item pictorial-scale that 

assesses tense activation will be developed and validated. 
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Pictorial Scales 

A pictorial scale is a type of measurement tool that uses images or illustrations to help 

respondents indicate their feelings or perceptions, making it more engaging and easier to 

understand (Matthews et al., 2022). As pictorial scales have existed for a long time, multiple 

studies have examined their effects and psychometric characteristics. Papers reviewing 

research on pictorial scales (Baumgartner et al., 2019; Sauer et al., 2020) suggest that pictorial 

scales are more intuitively comprehensible, increase motivation, stimulate interest, and 

contain fewer errors in interpretation due to their language independency. Additionally, 

Bradley and Lang (1994) state that pictorial scale may be more appropriate in cross-cultural 

studies or when working with non-verbal populations. A common critique of pictorial scales 

is that these single-item measures fail to capture the whole construct, especially complex 

ones. However, this was debunked by Matthews et al., who showed that complex constructs 

can be reliably and validly assessed with single-item measures (2022). This can be explained 

by the fact that pictures are more intuitively comprehensible and can represent subjective 

states, making them less dependent on multiple items targeting certain aspects of the 

subjective state (Kunin, 1955; Broekens & Brinkman, 2013).  

Typically, pictorial scales invoke metaphors to capture experiences. For example, the 

pain catastrophizing scale (PCS-C) (Crombez et al., 2003) uses a thermometer to reflect 

increasing levels of pain. The scale in this study is designed to resemble the stretching of a 

rubber band, reflecting the degree of tense activation that someone is experiencing, but also 

emphasizing the flexibility humans show in handling stressors. The rubber band is a universal 

object, primarily known for being under tension while still functioning, which makes it a 

logical and easily recognizable metaphor for tense activation. Additionally, this metaphor 

aligns well with the flexibility and stress-response dynamics described in psychological 

theories of emotional regulation (Gross 2002). To test the validity of this scale, two studies 
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will be conducted. First, an expert study will assess the content validity, including definitional 

alignment, comprehensiveness, and relevance. Second, the scale will be included in an ESM 

study to assess its convergent validity, discriminant validity and criterion-related validity. 

Study 1. Expert Study On Content Validity 

Haynes et al., (1995) defined content validity as the degree to which elements of an 

assessment instrument are relevant to and representative of the targeted construct for a 

particular assessment purpose, implying the constructs of relevance and comprehensiveness. 

To assess content validity, Hinkin and Tracey (1999) recommend gathering feedback on the 

degree of definitional correspondence, which is defined as the degree to which a scale’s items 

align with the construct’s definition. Feedback must be obtained from respondents who 

needed only one requirement “sufficient intellectual ability to rate the correspondence 

between items and definitions of various theoretical constructs, and the lack of any pertinent 

biases”, and therefore were named “naïve judges”. These types of respondents were 

considered useful as they are as less likely to be biased by their own knowledge and research. 

By using a Likert scale, this opinion on the degree of definitional correspondence is 

quantified, focusing on the mean score of the naïve judges. In this method, an odd number of 

Likert scale options is advised to achieve a more nuanced reflection of the naïve judges’ 

opinions. This method was reviewed and modified in the paper by Colquitt et al. (2019), who 

transformed their formula to calculate an index, namely the Hinkin Tracey Correspondence 

(HTC), with a higher HTC indicating a more content-valid item. Colquitt et al. (2019) also 

provide guidelines for the interpretation of this statistic, defining a HTC of  < .59 as lacking, 

between .60 and .83 as weak, between .84 and .86 as moderate, between .87 and .90 as strong, 

and .91 and above as very strong.  

Another common way of establishing content validity is through the opinions of 

experts (Beck, 2020). This method is used by Lynn (1986) in the form of the Content Validity 
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Index (CVI), a quantitative measure that reflects the degree of content validity. This index is 

calculated separately for three constructs—relevance, comprehensiveness, and clarity—each 

measured using a Likert-style rating process. Unlike the HTC, an even number of Likert scale 

options is advised to encourage participants to take a position. The scores of this even number 

are then dichotomized into indicative or contraindicative of the measured construct. The 

proportion of indicative scores is then considered the CVI. According to the guidelines of 

Lynn (1986), an item is considered content valid if a CVI reaches the threshold of .83. 

Although not explicitly stated, it can be inferred that experts were preferred to rate the items 

due to their knowledge and experience with the subject. 

To assess the content validity of this scale, parts of both methods will be used, leading 

to the measurement of comprehensiveness, relevance, and definitional correspondence. For 

simplicity, definitional correspondence was renamed to definitional alignment, as the question 

measuring this construct asked how well the scale aligns with the definition. Contrary to the 

Hinkin and Tracey method (1999), Lynn’s (1986) approach of choosing experts over naïve 

judges will be adopted to invite a more critical view on the content validity of the rubber-band 

scale, potentially leading to more informative feedback. As the number of Likert-scale options 

must be chosen pre-emptively, literature on this number will be taken into consideration. 

DeMars and Erwin (2004) found that selecting the neutral response option is more likely with 

participants who are not familiar with the topic, do not have an opinion to report, or may not 

be interested in the topic. However, these factors are not likely to arise with experts. 

Considering other evidence supporting an odd number of Likert scale options (Johns, 2005; 

Kankaraš & Capecchi, 2024) and the potential informative value of adding an extra option, 

the Hinkin and Tracey method (1999) regarding the use of an odd number of Likert scale 

options will be applied in this study. To align with this choice, the method of Hinkin and 

Tracey (1999) will be the primary basis for assessing content validity. The focus of this study 
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will be on the calculated indices, their standard deviations, and the distribution of the experts’ 

scores. In supplementary analyses, the method of Lynn (1986) will be applied to the data to 

achieve a multi-faceted view of the content validity. While comprehensiveness, relevance, 

and definitional alignment will be considered for calculating the indices, the construct of 

clarity will only be measured through optional qualitative comments, as it is considered a 

lower priority. This choice was made because the scale contains only one item, and the 

instructions are relatively short. Finally, the option will be provided to give supplementary 

feedback on other elements of the pictorial scale. This optional feedback could provide 

information for potential revisions to enhance the quality of the pictorial scale. 

This multi-method approach is chosen because it provides the opportunity to view the 

content validity of the pictorial scale in a broader manner, instead of relying on a single 

construct to label the scale with a certain level of content validity. Since the indices are a 

simple transformation of scores of a continuous variable, the provided thresholds will not be 

considered strongly. Moreover, the indices can be considered as the degree of the measured 

construct, relative to the label of their answer options. Therefore, the exploratory and 

descriptive nature of this study leads to the following research questions: 

R1: What is the definitional alignment (a), relevance (b), and comprehensiveness (c) 

of the rubber-band scale? 

R2: What are the comments on the clarity of the instructions of the rubber-band scale? 

R3: What are reoccurring themes of feedback for the rubber-band scale? 

Method 

Participants 
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To be considered eligible for joining the expert survey, participants needed to be the 

first author on a paper focused on work-related stress, strain, recovery, or burnout, published 

no earlier than May 2022. There were no further qualifications regarding age, sex, country of 

employment, or any other variables. To follow Lynn’s (1986) method, supplemented by other 

literature on the minimum size of the sample of experts (Rubio et al., 2003; Shrotryia & 

Dhanda, 2019), a minimum of 6 experts was aimed for to conduct the expert survey. To 

ensure a minimum of 6 experts and, ideally, surpass this number, the threshold of invited 

participants was 150. Using the database “PsycINFO,” participants were searched for using 

the keywords “work,” “AND,” “stress,” “strain,” “recovery,” or “burnout.” The authors that 

were shown first by this database were selected until the aim and threshold of 150 participants 

were reached. This led to inviting 150 participants, of which 32 eventually completed the 

survey. All participants finished the survey, and there were no reasons for exclusion of 

participants or deletion of data. The fast-track procedure was used in this study, whereby it 

was formally exempt from ethics board examination. No personal information of the 

participants was asked for or saved, as it was not needed. No reward was given for completing 

the survey. 

Procedure   

To establish the content validity of the rubber-band scale via expert ratings, a survey 

was designed using Qualtrics. After the research plan was approved by the Ethical 

Committee, the survey was activated, and the link for participation was sent out on October 6. 

At the start of the survey, the aim and scope of the study were presented to the experts. 

Additionally, the pictorials of the scale, the instructions, and the definition of tense arousal 

were presented. After presenting the definition of the construct, the instructions, and materials 

of the rubber-band scale, the experts were asked to rate the definitional alignment, relevance, 

and comprehensiveness of the rubber-band scale. For each rating, the experts were given the 
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opportunity to explain their answer. Finally, two open, non-mandatory questions were asked 

to assess the clarity of the instructions and to gather any additional general feedback. The 

survey was designed in such a manner that, when measuring each aspect, the rubber-band 

scale, the instructions, and the definition of tense arousal were available for reference, in case 

the participants needed them when answering the questions. Additionally, the definition of 

each construct was present when being measured. As expected, most responses were received 

within the first few days. Consequently, after two days without any new responses, the survey 

was deactivated on October 13. 

Measures 

Definitional alignment 

 The construct definitional alignment was measured with one question, namely: how 

well is the single-item pictorial scale aligned with the definition of tension presented above?”. 

This question could be answered by a 5-point Likert-scale, consisting of  “not aligned at all”, 

“slightly aligned”, “moderately aligned”, “very aligned”, and “completely aligned”. 

Additionally, there was a non-mandatory follow-up question to explain the given answer. No 

definition of definitional alignment was presented. 

Relevance 

  The construct relevance was measured with one question, accompanied by its 

definition (the extent to which the content is appropriate and useful for measuring tension), 

namely: “how relevant do you find the content for measuring the construct of tension?”. This 

question could be answered by a 5-point Likert-scale, consisting of  “not relevant at all”, 

“slightly relevant”, “moderately relevant”, “very relevant”, and “extremely relevant”. 

Additionally, there was a non-mandatory follow-up question to explain the given answer. 

Comprehensiveness 
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  The construct comprehensiveness was measured with one question, accompanied by 

its definition (the extent to which the content covers all necessary aspects of the construct), 

namely: “how comprehensive do you find the content in covering the construct of tense 

arousal?”. This question could be answered by a 5-point Likert-scale, consisting of  “not 

comprehensive at all”, “slightly comprehensive”, “moderately comprehensive”, “very 

comprehensive”, and “extremely comprehensive”. Additionally, there was a non-mandatory 

follow-up question to explain the given answer. 

Data analysis 

Hinkin and Tracey (1999) propose that judges rate how well scale items correspond to 

the construct’s definition using a 5-point Likert scale, whereby the resulting average rating 

provides a straightforward indication of definitional correspondence. Colquitt et al. (2019) 

modified this formula by dividing the total score by the total number of judges, resulting in 

the HTC (Hinkin Tracey Correspondence), which could maximally result in a 1 when all 

judges selected the maximum anchor for all scale items. 

Lynn’s (1986) method will be applied in the supplementary analysis. Lynn (1986) 

proposed that experts should rate all items on their certain level of the measured construct 

(e.g., relevance), using an even-numbered Likert scale, where the scores are dichotomized  

and labelled as indicative of the measured construct. Dividing this number of indicative scores 

by the total number of experts leads to the item-level CVI (I-CVI), which in this study is 

labelled construct-level CVI (C-CVI), as there is only one item rated. When more than 5 

experts rate the items, the C-CVI should be at least .83 (Lynn, 1986). This can be interpreted 

as meaning that 83% of the experts rate the measured construct with an indicative score, 

which means that the measured construct is highly present in the measured item. As this study 

uses an odd-numbered number of Likert-scale options, two variants of the method will be 
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used: one where the middle option is labelled as indicative of the measured construct and one 

where the middle option is labelled as contraindicative of the measured construct.  

 As there are possibly qualitative comments provided through the non-mandatory 

optional questions regarding written feedback, these will be analysed and categorized by 

content of the argument, based on the methodology of Brod et al. (2009). This article 

emphasizes the need for pattern recognition when analysing transcripts and focusing on 

finding recurring themes and categories in the data. 

Materials 

Rubber-band scale 

 The five pictorials of the rubber-band scale are depicted in Figure 1. The definition of 

tense arousal was provided, namely: “the degree to which a person is aroused by stressors, 

consisting of psychological and possibly physiological effects. The psychological effects are 

feelings of being on edge, anxiety and nervousness. The possible physiological effects are 

increased heart rate, muscle tension and sweating (Thayer, 1989)”. The instructions were: “the 

following pictures show a stretched rubber band to illustrate subjective states of tension 

ranging from feeling not tense at all to feeling extremely tense. Please rate which of the 

following symbols best describes how you feel right now”.  

Figure 1 

The five pictorials of the rubber-band scale 
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Note. The pictorials are arranged in an order where the degree of tense activation gradually 

increases, starting from the top-left, moving from left to right, and eventually reaching the 

bottom-left. 

Results 

Descriptives  

 The descriptives of the measured constructs definitional alignment, relevance and 

comprehensiveness are all presented in Table 1, which were obtained using SPSS. It appeared 

that the mean scores for all the measured constructs were above the midpoint (3.00) of the 5-

point Likert scale, suggesting that the scale was generally viewed positively. While scoring 

the lowest average mean (M = 3.38), ratings of comprehensiveness also showed the most 

variability (SD = 1.04). The minimum score statistics elicit the fact that the lowest score of 1, 

referring to the complete absence of the measured construct, was not chosen a single time. 

The further distribution of the chosen answers is described in Table 2, which indicates that 
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option 4 was chosen most frequently for definitional alignment (p = .47) and relevance (p = 

.50), while option 3 was chosen most frequently for comprehensiveness (p = .38). 

Table 1. 

Descriptive statistics of definitional alignment, relevance and comprehensiveness 

Construct M SD Min Max N 

Definitional alignment 3.66 0.90 2.00 5.00 32 

Relevance 3.75 0.92 2.00 5.00 32 

Comprehensiveness 3.38 1.04 2.00 5.00 32 

 

Table 2. 

Distribution of the C-CVI scores in proportions. 

Construct proportion       

 Optional score 1 2 3 4 5 

Definitional alignment  .00 .13 .25 .47 .16 

Relevance  .00 .13 .19 .50 .19 

Comprehensiveness  .00 .22 .38 .22 .19 

Note. No perfect cumulation due to rounding. 1 = not at all. 2 = slightly. 3 = moderately. 4 = 

very. 5 = completely/extremely. 

Hinkin and Tracey Correspondence 

Using the paper by Colquitt et al. (2019) to calculate the HTC-statistic, the results are 

described in Table 4. Considering the guidelines of Colquitt et al. (2019) for interpreting the 

HTC-statistic, it appeared that all the calculated statistics of the rubber-band scale fell 

between the range of .60 to .83 (definitional alignment HTC = .73; relevance HTC = .75; 
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comprehensiveness HTC = .68), which is labelled as weak. Therefore, according to the 

approach by Colquitt et al. (2019), the rubber-band scale shows weak definitional alignment 

with tense activation, is weakly relevant in measuring tense activation, and is weakly 

comprehensive of the construct of tense activation, which answers research questions 1a, 1b, 

and 1c. 

Table 3 

HTC-statistics  

Construct HTC-statistic 

Definitional alignment .73 

Relevance .75 

Comprehensiveness .68 

 

Construct-Level Content Validity Index 

Using Lynn’s (1986) method for calculating the C-CVI, we calculated the C-CVI in 

two variants, the results of which are presented in Table 3. Variant 1 consists of labelling only 

option 4 and 5 as indicative of the measured construct, and the middle option as contra-

indicative. Variant 2 labels the middle option as indicative of the measured construct. This led 

to the output presented in Table 3. In variant 1, none of the measured constructs reached the 

proposed threshold by Lynn (1986) of .83 (definitional alignment C-CVI = .63, SD = .48; 

relevance C-CVI = .69, SD = .46; comprehensiveness C-CVI = .41, SD = .49). This implies 

that when approaching the calculation in a strict way, the rubber-band scale does not show 

sufficient content validity based on the measured constructs. In variant 2, the constructs of 

definitional alignment and relevance both reached and surpassed the threshold (definitional 

alignment C-CVI = .88, SD = .11; relevance C-CVI = .88, SD = .11), although 
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comprehensiveness did not (C-CVI = .78, SD = .41). This implies that when approaching the 

calculation in a lenient way, the rubber-band scale shows sufficient definitional alignment and 

relevance regarding content validity. These findings highlight how different variants of 

labelling the middle response option can significantly influence the perceived content validity 

of the rubber-band scale. It is noteworthy that comprehensiveness did not reach the threshold 

in any variant, although it came close in the second variant. Comprehensiveness also showed 

the highest standard deviations, reflecting the contrast of the experts’ opinions on this matter. 

Table 4 

C-CVI statistics and standard deviations 

Construct-CVI C-CVI variant 1 SD 1 C-CVI variant 2 SD 2 

Definitional alignment .63 .48 .88 .11 

Relevance .69 .46 .88 .11 

Comprehensiveness .41 .49 .78 .41 

 

Clarity and additional qualitative feedback 

There were five comments that acknowledged the clarity of the instructions. An 

example of this is: “I don't have other feedback, the instructions are clear to me.” On the 

contrary, there were two comments that directly or indirectly implied that the clarity of the 

instructions could be improved. An example of this is: “Maybe it should be mentioned in the 

instructions that an unpleasant state of tension is assessed and therefore described by the 

rubber band illustration. This is not intuitively clear as tension can be perceived positively as 

well (being awake, energetic, feeling strong or resilient).” Considering the five 

acknowledgments and all the experts who did not give suggestions for improvement of the 



18 

 

clarity of the instructions for the rubber-band scale, research question 2 can be answered as 

“sufficient.” 

Following the methodological advice of Brod et al. (2009), the additional qualitative 

feedback was categorized and led to the output described in Table 5. For the sake of 

redundancy and significance, only comments that had a clear point of critique or were a 

distinguishable acknowledgment were categorized and included in the table. This led to 

identifying ten categories of feedback. The three most frequently encountered categories were 

“Changing the Design” (N = 8), “Addition to Design” (N = 8), and “Not Capturing the (Full) 

Psychological Aspect” (N = 8). “Changing the design” included comments about altering the 

design of the pictorial scale, for example: “The redness on the fingers makes it look more 

focused on pain.” “Addition to design” included comments about adding extra elements or 

details to the design of the pictorial scale, for example: “Sweat could maybe be displayed 

somehow, too.” “Not capturing the (full) psychological aspect” included comments about the 

lack of measurement of the psychological aspect of tension, for example: “The aspect of 

anxiety is not very well captured in this picture.” These top three most frequently mentioned 

categories can be used to answer research question 3. The category “Other” consists of 

statements that were in a category that did not reach more than one statement, for example: 

“The scale makes sense to me, while it is a relatively new way of measuring tension. I'm not 

so sure about the scale validity.” The full coding of the transcripts is presented in Appendix 

A.  

Table 5 

Categories and frequencies of qualitative feedback  

Category Frequency 
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Changing the design 8 

Addition to design 8 

Not capturing the (full) psychological aspect 8 

Acknowledging clarity of the instructions 5 

Not capturing the (full) physiological aspect 5 

Expanding the instructions 5 

Too simplistic to capture the whole construct 4 

Mentioning practically 4 

Improving clarity of the instructions 2 

Expanding the scale by items or options 2 

Mentioning intuitiveness or straightforwardness 2 

No additive value beyond Self-Assessment Manakin  2 

Other 4 

 

Discussion  

 The expert study on the content validity of the rubber-band scale gave mixed results. 

Descriptive statistics were fairly positive, as the options that indicate a strong presence 

(option 4; very) were chosen most often for the constructs of definitional alignment and 

relevance. For comprehensiveness, the most frequently chosen option was “moderate”, which 

is acceptable considering the breadth of the construct. Applying the Hinkin and Tracey’s 

(1999) method gave mediocre results, as this method led to labelling the presence of the 

measured constructs as weak. When interpreting the scores strictly using Lynn’s (1986) 



20 

 

method, the scale did not show sufficient presence in any constructs regarding content 

validity. Approaching the assessment in a more lenient way resulted in sufficient presence of 

the constructs “definitional alignment” and “relevance”. The threshold for comprehensiveness 

was not reached in either a lenient or strict manner using this method. The clarity of the 

instructions seemed to be sufficient. Aligning with the results of the construct of 

comprehensiveness, the most common feedback themes were addressing the lack of the 

physiological aspect of tense activation in the pictorial scale, advised changes for the design, 

and advised additions to the design. These results can be explained by considering the 

complex definitional nature of tense activation and the critical eye of experts. However, as 

pictorial scales depend on their intuitiveness, applying this scale in a different setting may 

shed light on other types of validities, which will be done in the second study. 

Study 2. ESM Study for Convergent Validity, Discriminant Validity and Criterion-

Related Validity 

Incorporating the rubber-band scale into an ESM study offers a valuable opportunity 

to evaluate its psychometric properties by examining its relationships with other measurement 

items. Three types of validity will be assessed, namely convergent validity, discriminant 

validity, and criterion-related validity, through the interpretation of correlations. Correlation 

coefficients between .1 and .3 indicate a weak relationship, those between .3 and .5 indicate a 

moderate relationship, those between .5 and .7 indicate a strong relationship, and values 

between .7 and .9 indicate a very strong relationship (Schober et al., 2018).  

Convergent validity, defined as the principle that tests measuring the same or similar 

constructs should be highly correlated (Convergent validity, 2011), will be assessed by 

comparing tense activation scores from the rubber-band scale (TARB) to a multi-item verbal 

tension scale and a single-item fatigue measure. Since this scale, whose content validity was 

established in the first study, measures tense activation characterized by feelings of tension, it 
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should logically correlate strongly with scores from verbal-written items assessing tension. 

This leads to the following hypothesis: 

Hypothesis 1: Ratings of tense activation as captured with the rubber-band scale 

correlate strongly positively with tension as captured with a multi-item verbal scale for 

tension. 

As Thayer (1989) distinguished two independent dimensions of activation, namely 

tense activation and energetic activation, he found differing effects for both types, such as the 

enhancement of mood versus the diminution of mood. Quinn et al., (2012) aligns with this 

distinction and furtherly underscores the positive valence of energetic activation and the 

negative valence of tense activation. Additionally, Russell’s (1980) circumplex model 

classifies tense activation as negatively valenced and energetic activation as positively 

valenced. This distinction allows for the assessment of discriminant validity, defined as the 

extent to which a test does not correlate with measures of theoretically unrelated constructs 

(American Psychological Association, n.d.), by examining the correlation between TARB and 

energetic activation as measured by the battery scale (EABS) of Weigelt et al. (2022). 

Additionally, to further assess the discriminant validity of the rubber-band scale, the 

relationship between TARB and subjective vitality will be examined. Subjective vitality is 

defined as the subjective experience of possessing energy and aliveness (Ryan & Frederick, 

1997). It has substantial conceptual overlap with energetic activation, making it relevant for 

assessing discriminant validity. Prior research has found correlations between measures of 

tension, subjective vitality, and energetic activation, ranging from -.37 to -.47 (Weigelt et al., 

2022). Additionally, Miksza et al. (2019) found a significant negative relationship between 

stress, a construct similar to tense activation, and subjective vitality. Therefore, moderate 

negative links will be expected, which leads to the following hypothesis: 
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Hypothesis 2: Ratings of tense activation as captured with the rubber-band scale will 

correlate moderately negatively with (a) energetic activation as captured with the battery 

scale and (b) subjective vitality. 

According to Hancock and Desmond (2001), fatigue is a psychological and 

physiological state that shares characteristics with the consequences of tense activation, such 

as common underlying mechanisms and impacts on performance. These include an increase in 

stress hormones and a decrease in cognitive abilities, such as memory retention. Other 

research (Kocalevent et al., 2011) found a significant positive association between stress and 

fatigue. Due to these similarities and the research of Kocalevent et al. (2011), fatigue is 

thought to correlate with TARB. However, following Thayer’s (1989) dimensions of 

activation, fatigue is considered a low-activation state, while tense activation is a high-

activation state. Therefore, only a moderate positive correlation is expected. This leads to the 

following hypothesis: 

Hypothesis 3: Ratings of tense activation as captured with the rubber-band scale will 

correlate moderately positively with fatigue. 

Finally, criterion-related validity, the degree of how well one measure predicts an 

outcome based on another measure (Vogt & Johnson, 2011), will be assessed by the 

correlation between the TARB and multiple other variables. These include workload, work 

goal progress, and relaxation and psychological detachment, all measured only in the evening. 

Higher workloads that exceed the ability to cope have been found to be related to increased 

psychological and physiological strain due to elevated levels of stress (Kosasih et al., 2024).  

Koudela-Hamila et al. (2022) identified a significant positive within-subject association 

between academic workload and academic stress. Considering the conceptual overlap of tense 

activation with stress, TARB and workload are expected to correlate positively. Exposure to 

stressors is known to be detrimental to performance and goal achievement due to the impact 
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of distractions, lower motivation, burnout, and cognitive overload (Sandi & Haller, 2015). 

Also, unfinished tasks at the end of the workweek lead to increased affective rumination, 

which consists of worrying and emotional distress (Syrek et al., 2017). This two-way 

interaction between stressors and work-goal progress—reflecting how much an individual is 

advancing toward achieving their work-related goals—highlights the incompatible 

functioning of these constructs. Therefore, work-goal progress will be expected to correlate 

negatively with TARB. Finally, relaxation and psychological detachment, two indicators of 

work recovery, are expected to correlate negatively with TARB. Increased work demands and 

stressors during the workday have been found to impede recovery experiences in the evening, 

such as psychological detachment and relaxation (Wendsche & Lohmann-Haislah, 2017). 

This study suggests that the inability to psychologically detach is hindered by stressors, as 

work-related thoughts continue even after work has ended. As a result, the lack of 

psychological detachment makes it difficult to achieve relaxation. Similarly, Sonnentag and 

Fritz (2007) found significant negative relationships between recovery experiences and job 

stressors. Based on these findings, the following hypotheses are proposed: 

 Hypothesis 4:Ratings of tense activation as captured with the rubber-band scale 

correlate moderately positively with workload. 

 Hypothesis 5: Ratings of tense activation as captured with the rubber-band scale 

correlate moderately negatively with work-goal progress. 

 Hypothesis 6: Ratings of tense activation as captured with the rubber-band scale 

correlate moderately negatively with a) relaxation and b) psychological detachment 

Method 

Participants 
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As 96 participants joined this study, the theoretical maximum of responses would be 

5760 self-reports, considering the 15 days of measurement consisting of 4 measurement 

points. For the variables TARB, EABS, tension, and subjective vitality, 2961 self-reports, 

nested in 93 persons were available. Relative to the theorical maximum response, the response 

rate was 51.41%. As the variables fatigue, workload, work-goal progress, relaxation, and 

psychological detachment, were only measured once a day, 745 self-reports, nested in 85 

persons were available. Relative to the theoretical maximum response of 1440 self-reports, 

the response rate was 51.74%.  

Among 96 participants, 68 were female, 27 were male, and 1 identified otherwise. 

Ages ranged from 19 to 63 years (M = 33.10, SD = 9.07). Participants worked in the 

following industries: health/social services (36.46%), IT/communication (21.88%), 

education/culture (8.33%), finance/trade/logistics (7.29%), construction/trades (4.17%), 

automotive (1.04%), and other (20.83%). 

Procedure 

 The ESM-study, in which the rubber-band scale was included, was a collaboration 

between the University of Groningen and the University of Hagen. Data were collected 

through a survey. Participants were asked to self-assess their levels of various constructs at 

four times a day: morning, noon, afternoon, and evening. This process continued for three 

consecutive weeks, excluding weekends. Instructions, as well as definitions of the scales and 

constructs to be measured, were provided at the beginning of the survey and remained 

accessible throughout its administration. Participants were recruited through the researchers' 

networks. The target sample size was 80 participants, with 800 self-reports per measurement 

point. 

Measures 
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Rubber-band scale 

 The participants were asked to indicate which symbol best reflected their current state 

of tense activation. The choice had to be based on the five symbols, the instructions, and the 

definition of tense activation, as depicted in Figure 1. The instructions were: “the following 

pictures show a stretched rubber band to illustrate subjective states of tension ranging from 

feeling not tense at all to feeling extremely tense. Please rate which of the following symbols 

best describes how you feel right now”.  

Tension 

 The construct of tension was measured with three items of the tension facet of the 

profile of mood states (POMS) (Mcnair et al., 1993). The scale has been adapted to German 

(Albani et al., 2005) and has been applied in experience sampling studies (Weigelt et al., 

2022). These items focus on the current state of the participants. The three items item could 

be answered by a 5-point Likert-scale, reaching from “does not apply at all” to “fully applies”. 

The first item was: “I feel restless”. The second item was: “I feel uneasy". The third item was: 

“I feel tense”.  

Energetic activation, subjective vitality and fatigue 

 The battery-scale is a validated measurement instrument for the construct of energetic 

activation (Weigelt et al. 2022). The participants were asked to indicate which symbol best 

reflected their current state of energetic activation. The choice was based on the seven 

symbols, the instructions, and the definition of energetic activation. The instructions were: 

“how one feels at the moment is often described in terms of the state of charge of a battery, 

ranging from “depleted” to “full of energy.” Please rate which of the following symbols best 

describes your current state”. The construct of subjective vitality was measured using three 

items from Ryan and Fredrick (1997), which were translated into German. These items focus 
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on the current state of the participants. The three items item could be answered by a 5-point 

Likert-scale, reaching from “does not apply at all” to “fully applies”.  The first item was: “I 

feel alive and vital”. The second item was: “I feel energized”. The third item was: “I feel 

awake and alert”. The construct of fatigue was measured with three items of the POMS 

questionnaire (Albani et al., 2005). These items focus on the current state of the participants.  

The three items item could be answered by a 5-point Likert-scale, reaching from “does not 

apply at all” to “fully applies”. The first item was: “I feel worn out”. The second item was: “I 

feel weary”. The third item was: “I feel bushed”.  

Workload and work-goal progress 

 The construct of workload was measured with one item of Spector and Jex (1998), 

which were translated to German. The item was: “today, there was a great deal to be done”. 

This item could be answered by a 5-point Likert-scale, reaching from “does not apply at all” 

to “fully applies”. The construct of work-goal progress was measured with one item of 

Koopman et al. (2016), which was translated to German. The item was: “"I made good 

progress with my work today”. This item could be answered by a 5-point Likert-scale, 

reaching from “does not apply at all” to “fully applies”.  

Relaxation and psychological detachment 

 The construct of relaxation was measured with one item of Sonnentag and Fritz 

(2007), which was translated to German. The item was “I use the time to relax”. This item 

could be answered by a 5-point Likert-scale, reaching from “does not apply at all” to “fully 

applies. The construct of psychological detachment was measured with one item of Sonnentag 

and Fritz (2007), which was translated to German. The item was: “I distance myself from my 

work”. This item could be answered by a 5-point Likert-scale, reaching from “does not apply 

at all” to “fully applies.  
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Data analysis 

 The data is structured in four daily measurement points, in which certain variables are 

only measured once, namely in the evening. The calculation of the statistics will be carried 

out, based on the merging of the four data points. Multilevel confirmatory factor analyses will 

be used to analyse this ESM-data, in which the division of within-level and between-level 

correlations will be taken into account. The data is structured in Excel, will be transformed, 

and analysed using R version 4.4.2 (R Core Team, 2023), with the following packages: 

semTools (Jorgensen, 2021), Lavaan (Rosseel, 2012), and misty (Yanagida, 2024). Two 

models were specified to examine the hypotheses. The first model includes the variables that 

are measured on the four different measurement points. These are TARB, tension measured 

through the written items, EABS, and subjective vitality. The second model includes the 

variables that are measured only at the evening measurement point. These include fatigue, 

workload, work-goal progress, relaxation, psychological detachment, and the evening 

measurement of TARB. The hypotheses will be tested through the correlations between 

variables at the within-level. Correlations at the within-person level refer to the relationships 

between variables measured within the same individuals over time, whereas correlations at the 

between-person level refer to the relationships between variables measured across different 

individuals, capturing how one variable varies in relation to another across a group of people. 

Model fit indices, ICC’s  and multi-level composite reliabilities will be reported. 

Preliminary Analysis 

The descriptive statistics, multi-level reliabilities, and ICCs of model 1 are presented 

in Table 6. The ICC of the rubber-band scale appeared to be .40, indicating moderate 

reliability and implicating that 40% of the variability in measurements is due to true 

differences between subjects regarding levels of tense activation. The other ICCs ranged from 

.27 to .40, indicating fair to moderate reliability. All multi-item scales showed high 
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reliabilities, with no coefficient being lower than .89 at both within-person and between-

person levels. The Chi-square test gave a significant result (χ² = 345.567, p < .01) indicating 

that the model did not perfectly fit the data. Chi-square tests are known to be sensitive to 

larger sample sizes, which can explain the result. The Comparative Fit Index (CFI) and the 

Tucker-Lewis Index (TLI) both indicated that the data fits the model well (CFI = .98 and TLI 

= .97). The RMSEA and SRMR also indicated an acceptable and good model fit (RMSEA = 

.058, SRMR (within) = .021, and SRMR (between) = .033). 

Convergent validity to a verbal measure of tension 

Correlations are estimated from the MCFA and do not refer to observed values of 

tension. The correlation between TARB and tension captured through the written items 

appeared to be strongly positive (within-person level: ψ = .66, p < .01). Therefore, hypothesis 

1 is confirmed.  

Discriminant validity to measures of energetic activation and subjective vitality. 

Correlations are estimated from the MCFA and do not refer to observed values of 

EABS and subjective vitality. The correlation between TARB and EABS appeared to be 

weakly negative (within-person level: ψ = -.13, p = .03). The correlation TARB and 

subjective vitality captured through the written items appeared to be insignificant (within-

person level: ψ = -.09, p = .13). Therefore, hypothesis 2a is partially confirmed whether 

hypothesis 2b is rejected.  

Table 6 

Correlations, standard deviations, ICC’s and multi-level composite reliabilities of model 1 

Variable 1 2 3 4 

1. Rubber-band scale - .80** -.56** -.46** 

2. Tension .66** - -.57** -.42** 
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3. Battery scale -.13* -.22** - .81** 

4. Subjective vitality -.09 -.16** .84** - 

Mean 2.09 2.23 4.57 2.94 

SD within-person level .79 .76 .08 .48 

SD between-person level .25 .25 .49 .40 

ICC .40 .40 .27 .28 

MCA within-person level - .89 - .91 

MCA between-person level - .92 - .93 

MMO within-person level - .89 - .91 

MMO between-person level - .93 - .93 

Note. ICC = intra class correlation. MCA = multi-level Cronbach’s Alpha. MMA = multi-

level Macdonald’s Omega. Correlations below the diagonal refer to the within-person level (N 

= 2961 self-reports). Correlations above the diagonal refer to the between-person level (N = 

90 individuals). *. Correlations at the within-person level and correlations at the between-

person level are significant at p < .05. **. Correlations at the within-person level and 

correlations at the between-person level are significant at p < .01. 

Preliminary analysis 

The descriptive statistics and multilevel reliabilities of model 2 are presented in Table 

7. The ICCs ranged from .28 to .42, indicating fair to moderate reliability. The multi-item 

scale of fatigue showed high reliability, with no coefficient lower than .90 at both within-

person and between-person levels. A Chi-square test yielded a non-significant result (χ² = 

30.178, p = .07) suggesting that the model fits the data well. The Comparative Fit Index (CFI) 

and the Tucker-Lewis Index (TLI) both indicated excellent model fit (CFI = 1.00 and TLI = 

.99). The RMSEA and SRMR as well indicated a good model fit (RMSEA = .026, SRMR 

(within-person) = .014, and SRMR (between-person) = .033). 

Convergent validity to a measure of fatigue 
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Correlations are estimated from the MCFA and do not refer to observed values of 

fatigue. The correlation between TARB and fatigue captured through the written items 

appeared to be weakly positive (within level: ψ = .17, p = .01). Therefore, hypothesis 3 is 

partially confirmed. 

Criterion-related validity to measures of workload, work-goal progress, relaxation and 

psychological detachment 

Correlations are estimated from the MCFA and do not refer to observed values of 

workload, work-goal progress, relaxation and psychological detachment. The correlation 

between TARB and workload captured through the written items appeared to be insignificant 

(within-person level: ψ = .08, p = .07). Therefore, hypothesis 4 is rejected. The correlation 

between TARB and work-goal progress captured through the written items appeared to be 

insignificant (within-person level: ψ = .02, p = .64). Therefore, hypothesis 5 is rejected. The 

correlation between TARB and relaxation captured through the written items appeared to be 

weakly negative (within-person level: ψ = -.27, p < .01). The correlation between TARB and 

psychological detachment captured through the written items appeared to be weakly negative 

(within-person level: ψ = -.16, p < .01). Therefore, hypothesis 6a is partially supported and 

hypothesis 6b is partially supported. 

Table 7 

Correlations, standard deviations, ICC’s and multi-level composite reliabilities of model 2 

Variable 1 2 3 4 5 6 

1. Rubber-band scale - .45* -.04 -.27 -.20 -.42* 

2. Fatigue .17** - .07 -.20 -.20 -.36* 

3. Workload .08 .17* - .55* .29 .18 
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4. Work-goal progress .02 -.03 .30* - .59* .62* 

5. Relaxation -.27** -.29* -.09 .07 - .78* 

6. Psychological detachment -.16** -.28* -.15* .12* .47* - 

Mean 1.85 2.86 3.18 3.61 4.25 3.59 

SD within-person level .55 .79 .96 .91 .97 .91 

SD between-person level .55 .50 .69 .42 .41 .19 

ICC .42 .30 .35 .29 .28 .39 

MCA within-person level - .90 - - - - 

MCA between-person level - .92 - - - - 

MMO within-person level - .90 - - - - 

Note. ICC = intra class correlation. MCA = multi-level Cronbach’s Alpha. MMA = multi-

level Macdonald’s Omega. Correlations below the diagonal refer to the within-person level (N 

= 745 self-reports). Correlations above the diagonal refer to the between-person level (N = 85 

individuals). *. Correlations at the within-person level and correlations at the between-person 

level are significant at p < .05. **. Correlations at the within-person level and correlations at 

the between-person level are significant at p < .01. 

Discussion 

The study on convergent validity, discriminant validity and criterion-related validity, 

gave mixed, although primarily positive results. To establish convergent validity, the 

correlation between tense activation measured by the rubber-band scale (TARB) and written 

items of tension were expected to be strong. This correlation was found, thereby providing 

evidence for convergent validity. Discriminant validity was assessed by examining the 

correlation between TARB and EABS, and between TARB and subjective vitality. Moderate 

negative correlations were expected for both relationships. The correlation between TARB 

and EABS was weak but significant. The correlation between TARB and subjective vitality 

was insignificant. While the results for TARB and EABS support discriminant validity, those 

for TARB and subjective vitality do not. To expand the evidence on convergent validity, the 
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correlation between TARB and fatigue was assessed and expected to be moderately positive. 

This correlation appeared to be weak but significant. Despite being weaker than anticipated, it 

still provides evidence for convergent validity. Finally, to establish criterion-related validity, 

multiple correlations between TARB and criterion measures were assessed. The correlation 

between TARB and workload was expected to be moderately positive, but appeared to be 

insignificant. The correlation between TARB and work-goal progress was expected to be 

moderately negative, and appeared to be insignificant as well. These findings do not provide 

support for criterion-related validity. To further test criterion-related validity, the recovery 

experiences of relaxation and psychological detachment were expected to correlate 

moderately negatively with TARB. Both appeared to correlate weakly but significantly with 

TARB. These findings suggest that, although the relationships are weaker than expected, they 

still provide evidence for the criterion-related validity of TARB.  

General discussion 

 This study was set out to validate a newly developed pictorial scale for measuring 

tense activation. The validation process aimed to ensure that the scale accurately and reliably 

measures tense activation across different contexts and populations. This was done through 2 

studies; the first study was an expert study to assess the content validity of the rubber-band 

scale. In the second study, the rubber-band scale was applied in an ESM study, to assess the 

convergent validity, discriminant validity, and criterion-related validity.  

Theoretical implications 

 The first study gave mixed results for content validity. Based on the index of Hinkin 

and Tracey’s (1999) method and the strictly measured index of Lynn’s (1986) method, the 

rubber-band scale showed weak content validity. However, it has to be noted that these 

indices are merely a transformation of the chosen Likert-scale options. The distribution of the 
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scores therefore have to be taken relative to label of these scores. For the constructs of 

definitional alignment and relevance, the option “very”, for degree of presence of the 

measured construct, was by far the most often chosen answer. Also, the label of the fifth 

option was “completely”, which according to the methods would indicate perfect content 

validity, wasn’t the least chosen option for the constructs of definitional alignment and 

relevance (“not at all” and then “slightly” were). The effect of the labelling was also reflected 

in the C-CVI’s of the lenient interpretation of Lynn’s method, where both definitional 

alignment and relevance reached and surpassed the thresholds for content validity. Another 

note is that subject experts were used to rate the content validity, unlike naïve judges used in 

the Hinkin and Tracey (1999) method. Although this is debatable, experts are generally 

considered to be more critical in rating scales, as they have more knowledge on the subject 

and a keener eye for details. More knowledge on the subject could help identify certain 

aspects that were missing or had a lower quality, resulting in a more critical evaluation of the 

scale and therefore lead to lower indices. Comprehensiveness appeared to be the least present 

construct in the rubber-band scale. This issue was highlighted by the qualitative feedback, 

which signified the scale's inability to fully capture the physiological aspect. A possible 

explanation for this is the breadth of the construct and the fact that the pictorial scale has only 

one item, which makes it difficult to completely cover all aspects of the measured affective 

state. This aligns with common critiques of pictorial scales, namely its difficulty with 

comprehensively capturing complex constructs (Matthews et al., 2022). However, research 

indicated that pictorial scales are easier understanded through intuition and therefore may not 

be dependent on multiple items (Kunin, 1955; Broekens & Brinkman, 2013). Thus, while the 

single-item format of the pictorial scale may limit its ability to capture the construct's full 

complexity, its intuitive design could enhance user comprehension and ease of use. This first 
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study highlights the challenge of measuring a broad affective state with a single-item pictorial 

scale. 

The second study on the convergent validity, discriminant validity, and criterion-

related validity gave mixed results. As the scores of TARB correlated strongly with scores on 

written items of tension, convergent validity appears to be presents, which indicates that the 

rubber-band scale does measure it’s intended construct. Also, the scores of TARB and fatigue 

correlated weakly but significant, which adds support for the evidence of convergent validity. 

The correlation between TARB and written items of tension, suggest that the rubber-band 

measures an affective state of which tension is a significant part, implying the effectiveness of 

the rubber-band scale in measuring tense activation. The correlation between TARB and 

fatigue reflects that the presence of indicators of a low energetic activation are associated with 

higher levels of tense activation, emphasizing the distinction between the two dimensions of 

Thayer (1989). The weak, although significant negative correlation of TARB with EABS, 

shows the presence of discriminant validity in the rubber-band scale. This indicates that the 

rubber-band scale effectively measures a construct distinct of energetic activation. 

Considering the findings on convergent validity, this appears to be tense activation. This 

finding aligns with the separation of the two dimensions by Thayer (1989) and the 

experimental verification of Schimmack and Reisenzein, (2002). The lack of association 

between the rubber-band scale scores and written items of subjective vitality do not provide 

evidence for discriminant validity. The absence of a significant negative correlation at the 

within-level indicates that these variables do not fluctuate similarly for individuals. However, 

the strong negative association at the between-person level (ψ = -.56, p < .01) signifies that, 

across the entire sample, these variables tend to vary inversely. A possible explanation for this 

differing result is the response format of the items. Due to the fact that the pictorial scales 

have similar visual formats, it possibly made it more inviting to coherently answer these 
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items. The discrepancy between the response formats of TARB and subjective vitality may 

have led to varied interpretations of the answer options, resulting in less consistent responses 

and, consequently, influencing the observed differences in correlations at both the within- and 

between-person levels. Regarding criterion-related validity, no associations were found 

between TARB and scores of workload and work-goal progress. These findings suggest that 

the rubber-band scale may not be effective in predicting or reflecting these specific work-

related outcomes. A theoretical explanation for these findings, may be the fact that less 

desired work-related outcomes do not necessarily evoke emotions related to tense-activation. 

Rather, these could be viewed as a challenge and energize people. This aligns with the 

Challenge-Hindrance Stressors Framework (Cavanaugh, 2000), which proposes that if 

stressors are perceived as opportunities, they are associated with positive outcomes such as 

increased motivation, job satisfaction, and performance. The correlations between TARB and 

recovery experiences were smaller than expected, but significant. Still, this suggests that the 

rubber-band scale measures a construct that is significantly negatively associated with 

constructs that measure how well someone is recovering from work-activities. Based on the 

literature regarding how recovery experiences can be hindered (Sonnentag & Fritz, 2015; 

Sonnentag & Fritz, 2007), it is likely that the construct negatively associated with recovery is 

conceptually similar to tense activation. However, the associations were weaker than 

expected, which could potentially be explained by the timing of when the recovery 

experiences were measured. As acquired data points were measured only once a day, and 

varied from times as 19:00 to 23:00, this could have been a source of erroneous variation. In 

the course of the evening, multiple variables could have enhanced the recovery experiences, 

and cancel out tense activation, for example by social interactions (Sonnentag & Fritz, 2015). 

Practical implications 
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While there is room for improvement, the rubber-band scale is useful in many 

different contexts when its limitations are taken into account. First of all, because it has 

important implications for both employers and employees, tense activation is a highly relevant 

construct in the workplace. There are several benefits of using a low-cost instrument to 

measure tense activation. For instance, it can assist in identifying early indicators of employee 

burnout, enabling customized care to avoid more serious mental health problems. It can also 

identify tasks or situations that trigger high levels of tense activation, offering insights for 

enhancing job satisfaction and workplace attitudes. By addressing these factors, this approach 

not only safeguards employees' well-being but also improves productivity and reduces 

absenteeism, ultimately benefiting the entire company. Secondly, the rubber-band scale can 

be used in clinical settings to track tense activation levels in patients with conditions like 

anxiety disorders, depression, and PTSD throughout their treatment. By monitoring these 

levels, clinicians can gain insights into the patient's psychological state and the effectiveness 

of the interventions. This continuous tracking allows for timely adjustments to treatment 

plans, ensuring that these approaches remain responsive to the patient's needs. Thirdly, the 

rubber-band scale can serve as both a primary and complementary tool in research settings. 

As a primary tool, it can be used to track levels of tense activation in studies specifically 

focused on this construct, providing data on how tense activation varies across different 

conditions and populations. As a complementary tool, it can be used alongside other 

measurement instruments to compare and validate their effectiveness. By assessing the 

validity of other tools against the rubber-band scale, researchers can ensure that their methods 

are accurately capturing the intended constructs. Fourth, a more general view on the 

practicality of this scale highlights its simplicity and universality. Since the scale consists of 

only one pictorial item, it is an economical measure with a low cognitive load on participants, 

making it practical and easy to use in various settings. Additionally, its language-independent 
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nature and intuitive pictorial design make it easy to understand, making it applicable across 

different cultures and age groups.  

Strengths and limitations 

The fact that two studies were conducted on different types of validity provided a 

better understanding and more comprehensive view on the psychometric characteristics of the 

rubber-band scale. Additionally, differentiating between experts and non-experts offered more 

in-depth insights. The sample of experts significantly exceeded the minimum required, 

providing a rich source of information on which implications of content validity could be 

based. This was also true for the second study, as both models had high response rates, with a 

sample size of 96 individuals providing self-reports. Interestingly, the large sample of experts 

revealed a discrepancy in opinions. While many opinions fell under the same umbrella, there 

were also multiple opinions that contradicted the assessments of other experts. An example of 

this is the coverage of the physical or psychological aspects, where both compliments and 

criticisms were given on both sides. This emphasizes the differing opinions of various experts, 

which must be taken into account when basing the content validity on these assessments.  

A potential limitation of this study is that only tension, as a component of tense 

activation, was assessed for convergent validity in the second study. Since tense activation is 

a broad affective state, including emotions such as nervousness and anxiety would provide a 

more comprehensive assessment of the convergent validity of the rubber-band scale. 

Additionally, the quantity of the qualitative feedback could have been more if the optional 

feedback question had been made mandatory. This would have ensured that all participants 

provided their insights, leading to a richer dataset. Furthermore, deviating from both the 

Hinkin and Tracey (1999) method and Lynn’s (1986) method may have compromised the 

validity of the data. Although the changes were minor, modifying certain aspects of this 

method and deviating from the proposed guidelines, such as using experts instead of naïve 
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judges, could impact the interpretation of the resulting statistics. These deviations are 

probably not substantial, but should be kept in mind when interpreting the results of this 

study. 

Directions for future research 

 Since this was the initial validation of the rubber-band scale, there is significant room 

for development. To improve its psychometric characteristics, user-friendliness, and other 

qualities, time must be dedicated to refining the scale. The collected expert feedback could be 

valuable in this process. Given the numerous suggestions for changes or additions to this 

pictorial scale, there are multiple areas which can be reviewed. As especially the 

physiological aspect of the scale seemed to be incomplete, different variants of this scale 

could be designed with changed or added elements that emphasize this aspect more. Although 

many psychometric characteristics have been evaluated, further research could focus on the 

test-retest reliability and factorial structure of the scale. Test-retest reliability examines the 

consistency of results over time, which can assess the stability of this scale. Investigating the 

factorial structure could help to understand other possible underlying dimensions the scale 

measures. These analyses could confirm its validity and accuracy in measuring the intended 

constructs. 

 A next step in research could involve applying the scale in longitudinal studies. In 

these studies, researchers could observe how the scale performs across extended periods, 

providing insights into its consistency and reliability. Also, these studies could reveal how the 

scale interacts with different external influences and situations that participants encounter 

over time. This approach would help determine whether the scale can accurately predict 

outcomes and maintain its validity in different contexts and conditions. Additionally, this 

scale could be applied across different cultures and age groups to evaluate its performance in 

diverse samples. By testing the scale in various cultural contexts and among different age 
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groups, researchers can assess its generalizability and ensure that it accurately measures the 

intended constructs regardless of the sample's background. This approach would help 

determine the scale's robustness and adaptability, providing insights in how it functions across 

different settings.  

Lastly, future research could explore how well the rubber-band scale converges with 

other dimensions of tense activation, beyond tension. This would provide deeper insights into 

the scale's ability to capture the full spectrum of the affective state of tense activation. Besides 

the psychological aspect, the scale’s effectiveness in measuring the physiological 

manifestations of tense activation could also be tested. For example, a study could have 

participants complete the rubber-band scale while measuring physiological responses like 

heart rate or muscle tension to assess alignment. 

Conclusion 

 The aim of these studies was to develop and validate a newly designed pictorial scale 

for tense activation, namely the rubber-band scale. In summary, the findings clarify the 

different types of validity associated with measuring tense activation using the rubber-band 

scale. The expert study indicated a mild degree of content validity; however, when 

considering the distribution of the experts' scores relative to the labels, one could argue that 

multiple constructs of content validity are strongly represented in the rubber-band scale. The 

inclusion of the rubber-band scale in an ESM study showed promising results, where findings 

implied evidence for convergent validity, discriminant validity, and criterion-related validity. 

Considering the breadth and complexity of the construct, this single-item measure can serve 

as a useful instrument in the assessment of tense activation, in a quick and economical way. 
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Appendix A. Coding scheme of qualitative feedback 

 

Category of question 

regarding additional 

feedback 

Statement Coding category 

Definitional alignment 

“The arousal and anxiety part 

does not really seem to be 

reflected in the item. I‘m not 

sure if the rubber band is the 

best way to display these 

feelings.” 

Not capturing the (full) 

psychological aspect/ 

changing the design 

Definitional alignment 

“While I see the tension part in 

terms of being very tense 

(angespannt), I was not sure 

about the anxiety and 

nervousness described in the 

definition. I do not think of 

anxiety when looking at the 

pictures.” 

Not capturing the (full) 

psychological aspect 

Definitional alignment 

“Anxiety and nervousness can 

be perceived very differently. 

Not all individuals would use 

the analogy of a stretched 

rubber band to illustrate this 

state, even though the 

definition is “tension”. 

“Tension” describes one 

subjective state of experiencing 

the consequences of being 

exposed to stressors.” 

Other 

Definitional alignment 

“The redness on the fingers 

makes it look more focused on 

pain.” 

Changing the design 

Definitional alignment 

“Because the pictorial scale 

uses an easy-to-understand 

metaphor for "tension"” 

Mentioning intuitiveness or 

straightforwardness/ 

mentioning practicality 

Definitional alignment 

“The single-item pictorial scale 

aligns well with the definition 

of psychological tension in 

terms of representing subjective 

states of arousal. It effectively 

captures increasing 

psychological stress 

(nervousness and anxiety). 

However, it may be less 

effective in representing the 

physiological aspects of 

tension. While the rubber band 

Not capturing the (full) 

physiological aspect/ 

mentioning intuitiveness or 

straightforwardness 



50 

 

metaphor indirectly represents 

physiological effects (e.g., 

muscle tension), it doesn't 

explicitly evoke heart rate or 

sweating, which are mentioned 

in the definition. Overall, the 

rubber band metaphor works 

for most individuals as a 

straightforward and very well 

alighned with the definition.” 

Definitional alignment 

“It is a nice picture to muscle 

tension, but other physiological 

and psychological signals 

might not be entirely covered” 

Not capturing the (full) 

psychological aspect/ not 

capturing the (full) 

physiological aspect 

Definitional alignment 

“the aspect of anxiety is not 

very well captured in this 

picture” 

Not capturing the (full) 

psychological aspect 

Definitional alignment 

“The scale makes sense to me, 

while it is a relatively new way 

of measuring tension. I'm not 

so sure about the scale 

validity.” 

Other 

Definitional alignment 

“heart rate and sweating is not 

really convincingly presented, 

but the concept "tension" as 

such is recognizable” 

Not capturing the (full) 

physiological aspect 

Definitional alignment 

“This single-item scale do not 

incorporate the different levels 

of tension (i.e., psychological 

and pysiological effects). 

Nevertheless, I think the scale 

is valid in measuring tension in 

a rather intuitive way.” 

Too simplistic to capture the 

whole construct 

Definitional alignment 

It fits the word tension, but I 

don’t understand how it fits the 

definition of psychological 

tension. I also don’t understand 

why this measure is better than 

the established SAM pictorial 

scale 

Not capturing the (full) 

psychological aspect/ no 

additive value beyond Self-

Assessment Manakin 

Relevance 

“The content is highly relevant 

for measuring the construct of 

tension, especially its 

psychological aspects. The 

rubber band metaphor provides 

a clear, relatable, and simple 

way to gauge subjective 

tension. While it may not fully 

capture all physiological 

aspects of tension, the content 

Mentioning practicality/ 

addition to design 
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is useful for most practical 

purposes and would work well 

in various assessment settings. 

If the scale's primary focus is 

psychological tension, then its 

relevance is excellent; for 

physiological tension, 

additional representations 

might enhance its 

comprehensiveness.” 

Relevance 

“Nice, very easily relatable 

measure. Some small edits 

could be made maybe to 

distinguish the high points of 

the scale better (the "red spot" 

in the fingers is maybe more 

visible in 4 than in 5 point, 

although I see why this is so, 

another point is that the wrinkly 

lines above the rubber band 

could be better distinguished - 

just looking at the lines without 

considering the other elements 

in the pictures I don't "feel" a 

big difference in the tension 

from 3 to 5. Maybe this is due 

to the tension in the band 

actually most going from left to 

right, whereas the wrinkly lines 

imply that the band would 

vibrate up and down?)” 

Changing the design 

Relevance 

“I think it's fairly relevant, 

although I'm not sure if it 

would add much beyond the 

"arousal" dimension of the 

Self-Assessment Manakin: 

https://doi.org/10.1016/0005-

7916(94)90063-9” 

No additive value beyond 

Self-Assessment Manakin  

Relevance 

The picture is more like a 

physical tightness than an 

emotional tension. We may 

need further words to associate 

picture with introspective 

reflection. 

Not capturing (full) 

psychological aspect/ 

expanding the instructions 

Comprehensiveness 
“There is nearly no shorter way 

to measure tension.” 
Mentioning practicality 

Comprehensiveness 

“The physiological element 

(heart rate, sweating) are not fit 

with this image to me. Maybe if 

there would be pictures with 

Not capturing the (full) 

physiological aspect/ 

changing the design 
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straining and releasing the 

rubber it would be easier to 

imagine the physiological part 

of the strain” 

Comprehensiveness 

“see above - the picture is more 

on tension as a state, but not 

really on arousal as a dynamic 

process” 

Too simplistic to capture the 

whole construct 

Comprehensiveness 

“The purpose of having a 

pictorial scale seems to be 

simplistic. It has some merits, 

while is also lacking in the 

comprehensiveness.” 

Too simplistic to capture the 

whole construct 

Comprehensiveness 

“The scale is moderately 

comprehensive in covering the 

construct of tense arousal. It 

does an excellent job of 

capturing the psychological 

aspect of tension and provides a 

clear, intuitive way to measure 

varying levels of subjective 

tension. However, it is less 

comprehensive in addressing 

the physiological aspects of 

tense arousal, which are an 

essential part of the construct as 

described in the definition. To 

be fully comprehensive, the 

scale could benefit from 

including more explicit 

indicators of physiological 

responses to tension and 

perhaps better representing the 

extreme ends of the arousal 

spectrum. Despite these 

limitations, the scale remains 

useful and practical for quickly 

assessing tension, particularly 

in situations where subjective 

psychological tension is the 

primary focus.” 

Too simplistic to capture the 

whole construct 

Comprehensiveness 

“Maybe some common-sense 

components of psychological 

tension might be overshadowed 

by an image mostly reflecting 

the physical dimension of 

tension.” 

Not capturing the (full) 

psychological aspect 

Comprehensiveness 

“Good comprehension. I think 

it covers the psychological side 

really well. For the 

Not capturing the (full) 

physiological aspect 
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physiological side, the tension 

in muscles may be most 

captured - I'm not sure if heart 

rate etc. relates as strongly to 

the rubber band analogy” 

Comprehensiveness 

“It feels like it captures more 

tense/on edge aspects to to me 

than a more chaotic emotional 

anxiety/nervousness (like the 

SAM). Maybe the wavvy lines 

can be more chaotic like in 

different directions?” 

Not capturing the (full) 

psychological aspect/ 

changing the design 

Comprehensiveness 
“Sweat could maybe be 

displayed somehow, too.” 
Addition to design 

Instructions 

“I think the instructions are 

totally clear and no further 

improvments are needed.” 

Acknowledging clarity of the 

instructions 

Instructions 
“No, very clear” Acknowledging clarity of the 

instructions 

Instructions 
“I don't have other feedback, 

the instructions are clear to me” 

Acknowledging clarity of the 

instructions 

Instructions 

“maybe you could use also 

other images not realted to the 

stretch that as two end seems 

also related to something else 

or someone. so an image of just 

one object that change” 

Addition to design 

Instructions 

“From a psychometric point of 

view, a seven-step 

measurement could be 

advantageous over a five-step 

measurement, especially if it is 

a single-item scale. Perhaps a 

gradation could be made 

between 1 and 2 and between 4 

and 5?” 

Expanding the scale by items 

or options  

Instructions 

“This is a very interesting way 

to visualize tension! I have a 

thought (not sure it would be 

correct, but decided to share for 

your consideration). I interpret 

that the pictures with the 

"waves" represent tension, and 

those without waves lack of 

tension. I wonder if it could be 

useful to have one more picture 

as "2" where the band is 

slightly hanging. Less hanging 

than 1 but looser than 3. Then, 

you could have midpoint (3) as 

Changing the design 
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the straight band with no 

waves, as a neutral state. And 

then two states with waves as 

your 4 and 5. But again, this is 

just a thought. Your scale is 

probably good enough as it is. 

Good luck with your work!” 

Instructions 

“perhaps you can ask a few 

questions to comprehensively 

measure tension.” 

Expanding the scale by items 

or options 

Instructions 

“No. Just congratulate the 

researchers for the idea, it 

seems a nice way to overcome 

some limitations of regular 

questionnaires” 

Mentioning practicality 

Instructions 

“I think the term worried is 

useful to use as well as anxiety, 

as anxiety can imply a more 

extreme affective state” 

Expanding the instructions 

Instructions 

“Overall I find the current 

pictorial scale a good proxy 

measure. I feel that addition 

broadening the representation 

(e.g., facial expression 

matching the degree of tension) 

could enhance construct 

validity, but they may hinder 

the measure feasibility and 

agility as well, so I would keep 

it as it is.” 

Addition to design 

Instructions 

“An example for stressor can 

be added if it is possible, 

maybe one word can added to 

the picture for orientation, like 

a scale (less, strong etc.)” 

Expanding the instructions 

Instructions “Instructions are clear to me. 

Just wondering if this picture is 

revelant to any culture or 

country” 

Other/ acknowledging clarity 

of the instructions 

Instructions “Maybe it should be mentioned 

in the instructions that an 

unpleasant state of tension is 

assessed and therefore 

described by the rubber band 

illustration. This is not 

intuitively clear as tension can 

be perceived positively as well 

(being awake, energetic, feeling 

strong or resilient).” 

Expanding the instructions/ 

improving clarity of the 

instructions 
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Instructions “I think deciding between 

options 2-4 might be difficult.” 
Changing the design 

Instructions “Maybe it would be helpful to 

display a face in addition to the 

hands. Additionally, I feel like 

the not-tense-at-all picture 

looks a bit weird. Maybe there 

is a better way to display a 

relaxed rubber band?” 

Addition to design/ changing 

the design 

Instructions “What suddenly comes to my 

mind is that you may add a 

phrase in the beginning like “ 

which of the following 

drawings represent your inner 

feeling” or something like 

thisl” 

Expanding the instructions 

Additional feedback “No, it's enough clear” Acknowledging clarity of the 

instructions 

Additional feedback “I'm just wondering whether 

the condition of a torn rubber 

band should also be shown, or 

whether this is already a 

different construct.” 

Addition to design 

Additional feedback “This is a great idea (especially 

for applied research)! Even 

though I mentioned the SAM 

before as a comparison, this 

variation could be an 

improvement on it by 

integrating some of those prior 

elements. Maybe even having 

this held in front a person's 

chest to show it's an internal 

state?” 

Addition to design 

Additional feedback “In the instructions a 

”stretched” rubber band is 

mentioned . However, in the 

first category of the scale the 

rubber band is not stretched at 

all. By describing a stretched 

rubber band, participants can be 

primed concerning their own 

state of tension.” 

Other/ improving clarity of 

the instructions 

Additional feedback " Were facial expression 

considered to highlight the 

psychological effects? The 

stretching of the rubber band 

could also be pleasurable” 

Addition to design 
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Appendix B. Document on the use of AI in this thesis 

 In this thesis, I used two AI models, namely Microsoft Copilot (2025) and OpenAI 

(2025). I used these models to fine-tune my own work (language correction and language 

assistant) and as general sparring partners for brainstorming. When in doubt about word 

choice or grammar, I used these models to check my sentences and apply their tips to improve 

them. Also, when I wanted to know general information about a certain topic, which I could 

have found myself if needed, I asked the AI models. I didn’t use AI in a way that interfered 

with my own learning process, and merely used it as a tool to do tasks which I also could have 

done otherwise if I had put time into it, like grammar questions or general knowledge. 
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