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Abstract

Developing countries have low adherence to medical regimens like water chlorination or antenatal
and postnatal care, contributing to high infant and child mortality rates. We hypothesize that high
levels of stress affect adherence through temporal discounting, self-efficacy, and executive control.
Measurement of these constructs in developing countries requires adaptation of existing measures.
In the current study, we adapt psychological scales and behavioral tasks, measuring each of these
three constructs, for use among adults in Kenya. We translated and back-translated each measure
to Kiswahili and conducted cognitive interviewing to establish cultural acceptability, refined
existing behavioral tasks, and developed new ones. Then, in a laboratory session lasting three
hours, participants (V= 511) completed the adapted psychological inventories and behavioral
tasks. We report the psychometric properties of these measures. We find relatively low reliability
and poor correlational evidence between psychological scales and behavioral tasks measuring the
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same construct, highlighting the challenges of adapting measures across cultures, and suggesting
that assays within the same domain may tap distinct underlying processes.
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Introduction

The infant mortality rate, defined as the probability of dying before age 1, is 32 per 1,000
live births worldwide, with 60% of these deaths occurring in the first 28 days of life (WHO,
2014). Despite improvement, the global maternal mortality rate remains at 210 per 100,000
live births (WHO, 2014). In developing countries such as Kenya, these figures are even
higher, with an infant mortality rate of 55 per 1,000 live births and a maternal mortality rate
of 362 deaths per 100,000 live births (Kenya National Bureau of Statistics et al., 2014).

Two factors are thought to play an important role in accounting for these figures:
contaminated drinking water (Carroli et al., 2001; McDonagh, 1996), and insufficient
antenatal and postnatal care (ANC/PNC) takeup. Contaminated drinking water is the main
cause of diarrheal diseases in developing countries, and is estimated to cause 2,100 child
deaths every day worldwide (WHO, 2014). Chlorination of drinking water is a highly
effective method to prevent diarrhea, and is widely available at low cost in developing
countries such as Kenya. For instance, a bottle of WaterGuard to treat 10001 of water costs
USD 0.26 PPP in Kenya, which is less than the typical household spends on sugar every day.
Nevertheless, only about 5% of households chlorinate their drinking water (Kremer et al.,
2009). Similarly, the standard ANC/PNC regime for women in Kenya calls for two or more
doses of SP/Fansidar, an anti-malarial medication; however, only 17% of pregnant women
report adhering (Kenya National Bureau of Statistics et al., 2014). As a result, malaria
infections are frequent and contribute to low birth weight and increased infant mortality.

Thus, adherence to water chlorination and ANC/PNC takeup is low in developing countries,
despite significant benefits. Using a mechanisms-focused, experimental medicine approach
to behavior change, we hypothesize that stressors related to poverty may contribute to low
adherence by affecting three behaviors: temporal discounting, self-efficacy, and executive
control. These targets are of interest because a) they are likely to be affected by stress

and b) they are likely to affect regimen adherence. The next section clarifies these links

in more detail. In addition, these targets map neatly to models of decision-making in
economics: in these models, the motives for behavior are fully characterized by preferences
over outcomes, beliefs about oneself and the world, and the constraints one faces. Because
temporal discounting is a preference, self-efficacy a belief measure, and executive control

a constraint on decision-making, the three targets cover each of these three determinants of
behavior in economic models.

In the broader context of the Science of Behavior Change (SOBC) framework, which
aims to identify specific, malleable targets that are hypothesized to be relevant to behavior
change, the goal of the current study is to identify, refine, and test the psychometric
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properties of a set of psychological scales and behavioral tasks that measure these targets.
We subsequently use the results presented here to inform our selection of target measures
in later phases of the project: testing the effects of stress on the three targets; developing
interventions to engage the targets; and testing whether the engagement of these targets
affects water chlorination and ANC/PNC regimen adherence.

In the following, we briefly discuss how stress may affect each target, and how the targets
may affect adherence.

Target 1: Temporal Discounting

Our first candidate mechanism through which stress may affect adherence is temporal
discounting, defined as the loss of value rewards undergo as they are delayed into the future.
A recent meta-analytic review by Fields et al. (2014) found that discounting was related to
stress with a moderate to large effect size. Indeed, our own work under SOBC-1 has shown
that stress can focus individuals on the present in economic choice: after administration of
20mg of hydrocortisone, which raises cortisol levels, subjects in our study showed increased
temporal discounting, i.e. they were less willing to forgo smaller immediate rewards in favor
of larger future rewards (Riis-Vestergaard et al., 2017). Note, however, that we found no
evidence that a physical stressor (i.e. the cold pressor task) and a social stressor (i.e. the Trier
Social Stress Test) affect temporal discounting (Haushofer et al., 2013, 2015), raising the
possibility that different types of stress may have different effects on discounting.

It is easy to see that an effect of stress on discounting may also negatively affect adherence,
which requires incurring an immediate cost (e.g. traveling to a clinic, the discomfort of
taking medications, and their side effects) for a greater but delayed benefit (e.g. a healthy
child). On this view, stress may decrease the attractiveness of the delayed benefit, or
increase the disutility from the immediate cost, and thus reduce adherence (Fields et al.,
2015). Indeed, in developed countries, high temporal discounting has been shown to be
negatively associated with adherence to recommended screening regimes for cholesterol,
breast, cervical, and prostate cancer, and use of dental care, flu shots, and physical exercise
(Bradford, 2010). Discounting is also positively associated with adherence-related adverse
health behaviors such as binge eating (Davis et al., 2010), and addiction and substance abuse
(Andrade and Petry, 2012; Bickel and Marsch, 2001; Bickel et al., 2007; MacK:illop et al.,
2011; Reynolds, 2006; Rogers et al., 2010). In Kenya, time preferences have been shown

to predict mortality among HIV-infected adults receiving antiretroviral therapy (ART); those
with higher discount rates also had lower ART adherence, although the association was not
statistically significant (Thirumurthy et al., 2015).

It is important to note that there are several context-dependent reasons why people may
engage in discounting behavior, possibly reflecting environmental constraints in contexts of
poverty. For example, Becker and Mulligan (1997) show that economic conditions such as
poverty, and environmental influences such as mortality and risk, can endogenously lead to
behavior that looks like impatience. Similarly, Carvalho et al. (2016) show that low-income
participants have higher discount rates when making choices about monetary rewards
before payday. Credit market imperfections may also explain behavior that resembles high
discounting rates in developing countries (Banerjee, 2001; Holden et al., 1998; Pagiola,
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1996; Shiferaw and Holden, 2001). Temporal discounting may also be partly driven by
beliefs about environmental constraints and the likelihood of positive distal outcomes
(Laajaj, 2012). In line with these arguments, we hypothesize that stress is a contextual
factor that increases temporal discounting in developing countries.

Target 2: Self-efficacy

The second candidate mechanism is self-efficacy, defined as the belief that one can perform
well in specific situations (Bandura, 1982). We hypothesize that stress may affect adherence
and other health behaviors by decreasing an individual’s perceived sense of control (i.e.
personal mastery), and consequently lead to low self-efficacy.

Self-efficacy is linked to stress as an important determinant of individual responses to
stressors (Bandura, 1988); numerous studies in Western contexts have demonstrated that
those with high self-efficacy can cope better with stressors and trauma than those with

low self-efficacy (Benight and Bandura, 2004; Perkins and Jenkins, 1998; Shnek et al.,
1997; Shorey et al., 2015; Tan-Kristanto and Kiropoulos, 2015). Self-efficacy has also been
shown to be strongly related to adherence to medical regimens and other health behaviors.
In a recent comprehensive meta-analysis of 207 studies on adherence to ART drugs for
HIV, Langebeek et al. (2014) find that self-efficacy is the single strongest predictor of
adherence, with an effect size more than 50% larger than the next-best predictor (substance
abuse). In line with this finding, interventions targeted at improving self-efficacy have

been shown to increase adherence to exercise regimens (Azizan et al., 2013; Barkley and
Fahrenwald, 2013; Seghers et al., 2014). In a recent study from a developing country
context, Ghosal et al. (2013) show that a training program for building “agency” (closely
related to self-efficacy) among sex workers in India strongly increased self-efficacy, and
raised the likelihood of having undergone a health checkup in the last month by nine
percentage points. We therefore build on previous work showing that self-efficacy is an
integral part of behavior change by asking if low levels of self-efficacy are part of the
mechanism through which stress lowers adherence to chlorination and ANC/PNC services in
Kenya.

Target 3: Executive Control

The final mechanism we consider is executive control. Executive control is a broad term
commonly referring to the maintenance and execution of high-level plans and goals, and
involves planning, cognitive flexibility, inhibitory control, and working memory processes.
We combine these different concepts because deficits in these abilities may affect adherence
and other health behaviors through a similar mechanism, namely a failure to make a plan

or follow through on it. For instance, when faced with the task of attending a doctor’s
appointment, an individual might simply forget about it, be distracted by other tasks and
therefore fail to attend, or fail to make a plan to go.

Several lines of inquiry have provided evidence suggesting that stress affects executive
control. Early studies showed that stress impairs performance in cognitive control tasks
such as the Stroop task (Hartley and Adams, 1974), attentional selectivity and control

(Hockey, 1970; Liston et al., 2009; Minor et al., 1984), cognitive flexibility (Alexander
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et al., 2007), and working memory (Luethi et al., 2008). More recently, Mullainathan and
Shafir (2013) have introduced the term “scarcity” to refer to a cognitive form of stress
induced in contexts of limited resources that produces characteristic behaviors, such as
persistent tradeoff thinking. It has emerged in this fledgling literature that stress induced in
this fashion amongst the poor can impair fluid intelligence on a Ravens Matrices test, as
well as performance in a Stroop-like executive control task (Mani et al., 2013; Mullainathan
and Shafir, 2013). A final group of studies has shown that stress impairs goal-directed
decision-making relative to habit-based decision-making; in other words, both humans and
animals fall back on default strategies under stress (Dias-Ferreira et al., 2009; Schwabe et
al., 2010; Schwabe and Wolf, 2009, 2010). Together, these findings suggest that stress may
affect adherence by way of impaired executive control.

In line with the view that executive control may undermine adherence, a number of

studies have shown that supporting processes related to executive control, such as memory,
planning, and task monitoring, can improve adherence (Brock et al., 2011). The best
evidence comes from the effectiveness of reminders. For instance, Karlan et al. (2010)

find positive effects of reminders on savings rates, Duflo et al. (2011) on fertilizer use,

and Banerjee et al. (2010) on vaccination take-up. Ahuja et al. (2010) and Kremer et al.
(2009) show that providing a chlorine dispenser at the source where Kenyan villagers fetch
their water dramatically increases chlorination rates due to the visual reminder that the
dispenser provides. On the other hand, in a recent Cochrane Review (Nieuwlaat et al.,
2014), only one of the five studies included that tested the effect of mobile text message
reminders on medical regimen adherence found a significant increase in adherence (Lester
et al., 2010), while the remainder found no improvement (Boker et al., 2012; Hou et al.,
2010; Simoni et al., 2009; Zolfaghari et al., 2012). Notably, however, those studies reporting
no improvement were conducted in high-income countries, whereas Lester et al. (2010)

find a positive impact of reminders on ART adherence in Kenya. These results suggest

that failures to remember may have more severe consequences in lower-income contexts,
where fewer tasks have built-in reminders, thus making exogenous reminders more effective.
Indeed, Rodrigues et al. (2012) find that forgetfulness was the most common reason for
non-adherence to ART in South India, but also shows that forgetfulness decreased rapidly
as mobile phone reminders were introduced. Several similar studies in Kenya on mobile
text message or alarm reminders targeting deficits in memory have also found improvements
on health workers’ adherence to malaria treatment guidelines (Zurovac et al., 2011), ART
adherence (Pop-Eleches et al., 2011), and multi-vitamin medication adherence (Frick et al.,
2001).

Measuring the targets

The present paper describes and tests a battery of questionnaires and behavioral tasks

that measure these constructs among urban poor populations in Nairobi, Kenya. Since

many questionnaires and behavioral tasks assessing temporal discounting, self-efficacy, and
executive control were developed in English-speaking, Western, industrialized countries,

we used cross-cultural validation procedures to adapt the scales to the Kenyan context
(Eremenco et al., 2005; Ferraz, 1997). For the five psychological scales, we use the standard
psychometric criteria of reliability, validity, and acceptability. For behavioral tasks, we
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analyze test-retest reliability and hypothesized relationships to other scales and tasks, as
well as participant comprehension and logical consistency of answers. Finally, we examine
correlations between scales and tasks believed to be tapping the same construct. All analyses
presented were described in a pre-analysis plan (Haushofer and Orkin, 2017).

We combine psychological self-report scales with incentivized behavioral tasks because
each approach has strengths and weaknesses. Self-report questionnaires are often cheaper
and easier to collect than behavioral tasks, which are usually incentivized and computer-
administered. On the other hand, self-reports are more likely to be subject to social
desirability bias or experimenter demand effects, acquiescence bias (agreeing with all
questions in a measure), and nay-saying (denying all or not endorsing any statements in a
measure) (Furnham, 1986). Further, bias can arise as a result of question phrasing, ordering,
and response options presented (Kalton and Schuman, 1982). Such biases are thought to be
reduced in incentivized behavioral tasks.

In addition, combining psychological self-report scales with incentivized behavioral tasks
which aim to measure the same construct enables us to examine correlations between the
two modes of elicitation, which can be useful to inform which measures to use in the field. If
the correlation is high, survey measures might be preferable as they are cheaper and easier to
implement in the field; on the other hand, low correlations between measures might indicate
poor cross-cultural adaptation.

Participants and Study Procedure

The study was conducted at the Busara Center for Behavioral Economics in Naiorbi, Kenya.
Between October 2016 and January 2017, we recruited 511 (47% women, 53% men)

adult residents of Kibera — a large informal urban settlement in Nairobi, Kenya, located 3
kilometers from the lab— for a session lasting approximately three hours. To be eligible,

a prospective participant needed to have signed up for the Busara participant database, be

at least 18 years of age, and have access to a phone and an MPesa mobile money account

(a widely used mobile payment system provided by the mobile phone operator “Safaricom”
through which participants are paid for their participation in the study). In this sample, the
median age was 29 years (range: 18-40); 15.6% were unemployed, 84.4% were employed
or self-employed; 66.1% completed secondary level education and 27.8% education beyond
secondary level; and average income reported was KSH 6918 (approximately $69) per
month.

Using the inclusion criteria above, participants were drawn from Busara’s participant pool,
which is broadly representative of Nairobi and Kenya (Haushofer et al., 2014). Each session
included up to 20 participants. Tasks and scales were presented on touchscreen computers
using the zTree experimental interface (Fischbacher, 2007), on which the participants were
briefly trained before the session and as needed before some tasks. Each session ended with
a demographic questionnaire. The order of constructs (i.e. discounting, executive control,
self-efficacy) was randomized at the session level, but within each construct, the task(s)
always preceded the questionnaire(s). When two questionnaires related to the same construct
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(e.g. for self-efficacy and discounting), the order of the questionnaires was randomized at
the session level. Participants received a KES 250 show-up fee (with USD 1 equal to ~KES
100 at the time of the study), which is slightly above the average daily wage earned in this
context, for their participation in the study. Performance in the tasks was incentivized; the
average total payment earned as a result of participation in the study was KES 790.

The last 95 participants of the study were invited to a second session in which they
completed the same scales and tasks one week later. These data form the basis of our
test-retest reliability measures described below.

Psychological scales and behavioral tasks

Selection—Each of the psychological scales and behavioral tasks measuring our three
constructs of executive control, self-efficacy, and temporal discounting, was selected
through a literature review, which compared the psychometric properties reported for the
most commonly cited measures in each domain, respectively. The literature review was
conducted using Google Scholar by directly searching the terms of interest (e.g. “temporal
discounting”, “self-efficacy”, “executive control”) alongside associated or interchangeable

terms (e.g. “time preference”, “personal mastery”, “executive function”, etc.) and combining
these with one term related to psychometric assessment (e.g. “measure”, “scale”, “validity”,
“reliability”, “psychometric properties”, etc.). Full text, original articles and reviews
published in English were included so long as they reported on at least one psychometric
property of the instrument (e.g. construct validity, internal reliability, test-retest reliability,
predictive validity in behavior change research, etc.). Articles had to concern the
development or evaluation of the measurement properties of self-reported questionnaires

or behavioral tasks assessing our three constructs across a variety of samples. For temporal
discounting, 34 studies evaluating 19 instruments met our criteria. For self-efficacy, 27
studies evaluating 10 instruments met our criteria. For executive control, 31 studies
evaluating 10 instruments met our criteria. Most studies concerned instruments with known
validity in Western populations. At least one self-report questionnaire and one behavioral
task for each outcome measure with the greatest consensus for use among experts, as
determined by the number of citations and assessment of psychometric properties, were
chosen to be subsequently validated in Kenya in the current study. The full list of measures
considered and their relative strengths on the criteria for inclusion are available in Appendix
Table A.5. We report more specific information about the psychometric properties of the
chosen instruments in the following section.

Translation—Translation and adaptation of scales was achieved as follows. First, the text
of both task instructions and scale items were translated and back-translated to Kiswahili,
the lingua franca in Nairobi. Then, in the pilot stage of the study, we conducted “cognitive
interviewing” with 16 participants, representative of the target population in Nairobi, to
assess cultural acceptability and reduce the risk of response bias as a result of question
phrasing, ordering, and response options presented. Specifically, following the manual
developed by Willis (1999), cognitive interviewing consisted of one-on-one interviews in
which a field officer read each scale item and asked the participant several comprehension
questions to explain how they arrived at their answer and any problems encountered when
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answering, including expressions that may have been difficult to understand or considered
offensive.

To check for acquiescence bias influencing responses, at least two items with “reverse”
coding were either included in the generic versions of each scale, or added by us if no
reverse items were included in the original scale. In the latter case, we proceeded as follows:
the final item was reversed and became the new first item, while the original first item was
reversed and added as the last item. All scales were scored as the sum of values assigned to
each answer choice, with adjustment for reversed items.

In concert with the psychological scales, we use five incentivized behavioral tasks to
measure our constructs of interest. All prompts and answer choices appeared on the screen
in both English and Kiswahili; in addition, to address potential issues of illiteracy, which
can be common amongst this population, the instructions and each question were read
aloud in Kiswahili by the enumerator. We describe each measure and discuss the rationale
behind choosing each measure in the section that follows below. The appendix contains a
comprehensive list of all items included for each of the psychological scales we adapted, as
well as examples of a participant’s screen from each of the behavioral tasks.

Scales and tasks measuring executive control—Executive control refers to “a set
of inter-related higher-order cognitive abilities involved in self-regulatory functions” (Roth
et al., 2013) such as insight, judgement, working memory, or planning (Royall et al., 2002;
Baddeley et al., 1996; Van der Linden et al., 2003). To measure aspects of executive control
most relevant to adherence behavior, including inhibitory control, memory, planning, and
task monitoring, we adapt one scale and two behavioral tasks.

. The psychological scale is the Behavior Rating Inventory of Executive Function
- Adult Version (BRIEF-A), a 75-item questionnaire using nine non-overlapping
theoretically and empirically derived clinical subscales that measure various
aspects of executive function (Roth et al., 2005). We chose the BRIEF-A because
of its well-established psychometric properties in a sample of 1050 adults in the
United States: Cronbach’s alpha coefficients ranging from 0.93 to 0.96, 1-month
test-retest reliabilities ranging from r = .93 to .94 for the three major indices,
and evidence of convergent and discriminant validity (Roth et al., 2005, 2013).
The full questionnaire yields an overall score (Global Executive Composite)
comprised of two index scores, Behavioral Regulation and Metacognition. We
include 32 questions from the original BRIEF-A, comprising four subscales of
the Metacognition index, which we hypothesize are most relevant to adherence
behavior in this context: 1. /nitiate, which reflects an individual’s ability to
begin a task or activity and to independently generate ideas, responses, or
problem-solving strategies; 2. Working Memory, which measures the capacity
to hold information in mind for the purpose of completing a task, encoding
information, or generating goals, plans, and sequential steps to achieving goals;
3. Plan/Organize, which measures an individual’s ability to manage current and
future-oriented task demands; and 4. 7ask Monitor, which reflects the ability to
keep track of one’s problem-solving success or failure and to identify and correct
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mistakes during behaviors. Participants are presented with statements which
exhibit examples of poor executive function, such as “I have trouble starting
anything on my own” or “I don’t plan early for future activities.” The response
choices range from “never a problem” (scored as 0) to “always a problem” (6).
In addition to the 32 items, we add two items with repeated content and reversed
wording to check for acquiescence bias.

The two behavioral tasks are as follows:

To measure inhibitory control, the ability to control one’s attention, behavior,
thoughts, and/or emotions to override automatic responses and selectively attend
to one stimulus over another (Diamond, 2013), we adapt a spatial version of
the Stroop task, using congruent and incongruent directional signals (arrows)
rather than words (Wihr, 2007). We chose this task, rather than its numbers

or letters analog, because it does not require literacy. In addition, Busara had
previously piloted it for cultural acceptability and understanding with the target
sample. On each screen, participants see a colored arrow that points either

left or right, and respond by pressing a box on the left or right side of the
screen. Importantly, when the arrow is red, participants are required to select the
side of the screen towards which it points (“congruent” trials); if the arrow is
blue, they are required to select the opposite side of the screen (“incongruent”
trials). The sequence of arrows was randomized. Participants earned KES 25 for
each correct response, but lost KES 3 for every second they took to complete
the task (although the total payment for this task could not go below zero).

We record correct and incorrect responses and reaction times by trial type.
Significantly longer response times and lower frequency of correct responses to
incongruent stimuli are interpreted as evidence of a Stroop Effect. For purposes
of establishing construct validity and inter-construct relationships, we define
overall performance on the Stroop task to be equal to the ratio of nhumber of
correct responses to total time in seconds. An example of the participant’s screen
is provided by Figure A.1.

Since successful adherence to health regimens requires the ability to successfully
make a plan (Stilley et al., 2010), we also implemented a version of the Tower
of London task (TOL; also known as the Stockings of Cambridge task when
implemented electronically), which is designed to measure a participant’s ability
to plan ahead in sequential strategies (Shallice, 1982; Phillips et al., 2001).

In our computerized version of the Tower of London task, participants see a
screen with two parts: on the left side is the word “start” with a picture of

three “pegs” and various shapes positioned on the pegs; on the right side is

the word “goal” with a similar picture of three “pegs” and the same shapes
positioned differently on the pegs. To complete the task, participants must
reposition the shapes underneath the “start” on the left to match the “goal”
position on the right. They are instructed to complete each round in as few
moves as possible, with the minimum number of moves shown as a number on
the screen. In addition to a practice round, participants attempt four rounds of
increasing complexity, beginning with one shape requiring only one move, and
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concluding with three shapes in a pattern that necessitates at least four moves.
For each trial, we record the number of moves, the time until the participant’s
first move, the overall time to completion, and whether the problem is solved
correctly. In all rounds, participants are limited to a maximum of 20 moves.

If this occurs, the round ends and the participant is required to contact a staff
member to ensure she understands the task before continuing to the next round.
Therefore, the distribution of scores is censored at both ends. Performance on
the Tower of London task, for the purpose of establishing construct validity and
reliability, is computed as the total number of moves used across the four rounds,
the number of rounds completed correctly, and standardized average time to
complete rounds. An example of the participant’s screen is shown in Figure A.2.

Scales and tasks measuring perceived self-efficacy—We measure self-efficacy
with two psychological scales, tapping self-efficacy and mastery, respectively:

We adapt the uni-dimensional Generalized Self-Efficacy (GSE) scale (Schwarzer
and Jerusalem, 2010), which was chosen based on prior multi-cultural

validation studies and evidence of strong psychometric properties across cultures
(Luszczynska et al., 2005). Our version contains 12 items, 10 from the generic
version, and two which are repeated and reversed. Participants are asked to rate
the truthfulness of statements such as “I can always manage to solve difficult
problems if I try hard enough” on a scale from “never true” (0) to “always true”
(5). The creators of the scale operationalize their construct definition as “the
belief of an individual in his or her ability to respond to any sort of difficult
situation and cope with unforeseen setbacks” (Luszczynska et al., 2005).

The Pearlin Mastery Scale (PMS) is another canonical measure in self-efficacy
research. We choose to include this measure based on its relationship with stress,
depression, and other health outcomes (Mausbach et al., 2007; Marshall and
Lang, 1990a). It is defined by its author as measuring mastery, or “the extent

to which one regards one’s life-chances as being under one’s own control in
contrast to being fatalistically ruled” (Pearlin and Schooler, 1978). Participants
are asked to identify with seven statements about self-efficacy on a scale ranging
from “strongly disagree” (0) to “strongly agree” (5). Of these, five statements are
negative (e.g. “I have little control over the things that happen to me”) and two
positive (e.g. “what happens to me in the future mostly depends on me”). The
latter are adjusted accordingly in analysis.

Given a gap in the literature to measure self-efficacy with a behavioral task (the closest
task approximation we found was the “learned helplessness” experimental manipulation
developed in Hiroto (1974)), we propose a novel behavioral self-efficacy task. The task is
structured as follows:

We operationalize self-efficacy as having “high” beliefs about one’s ability
to complete a task, and being approximately correct about these beliefs.
The rationale is as follows: first, core to the self-efficacy concept is the
ability to achieve desired outcomes; hence the measure should increase in
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actual performance. Second, self-efficacy is distinct from overconfidence (and
underconfidence): a person who has “high” beliefs about their ability, but
actually has low ability, is better characterized as overconfident than has having
high self-efficacy. The converse argument applies for “low” beliefs.

Self-efficacy represents a belief about performance on a particular task. Here

we use the “slider task” (Gill and Prowse, 2012). Participants are shown an
on-screen “slider,” a horizontal line which represents the integers from 0 to 100
or 0 to 20. (Note that we altered the task approximately midway through the
study (M = 283; M, = 228), so that the slider would have 20 possible integers
instead of 100. This was done to raise average number of sliders completed and
therefore eliminate floor effects, as summary statistics compiled halfway through
the study indicated that 3—-4% of participants were unable to complete any
sliders.) They are then instructed to click the point on the line which corresponds
to a randomly selected specific integer on the line (i.e. if the integer on the screen
is 19, the participant must position the slider to the corresponding integer 19).
The corresponding slider integer selected is then shown on the screen, and the
participant can elect to move on if they have correctly matched the slider or keep
trying until they have made a match. An example of the participant’s screen is
provided in Figure A.3.

Once they select the correct number, or elect to move on, they are presented

with another randomly chosen integer they need to match. This “slider matching”
process has the advantage of simulating effort which is purely mechanical and
therefore should be not be related to age and education. After a 60-second
practice round, participants proceed to a three-minute round during which they
are paid KES 10 for each slider matched.

After this incentivized round, participants are asked to estimate their
performance in the first round (in terms of total sliders matched), with a correct
guess worth KES 50, as well as how confident they are of their estimate
(unincentivized). Participants do not receive feedback on their performance to
avoid changes in self-efficacy due to feedback.

Next, as the core element of the task, participants are asked to set a goal for
how many sliders they want to match in the following two minute round, as well
as their confidence level concerning that goal. Participants are informed that the
payment will increase by KES 20 times the number of sliders indicated by the
goal if they achieve they goal, and nothing otherwise. Thus, a participant who
indicates that they believe they can complete x sliders and actually completes at
least that many sliders is paid KES 20 times their goal, even if they complete
more sliders.

Lastly, the final round is played and payment calculated. We define our measure
of self-efficacy as:
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SX = 1+ ly,—

)]

Here, the goal set is denoted by y, and actual performance by y. Note that this
measure increases in the goal set, in performance, and in accuracy about the goal.

Scales and tasks measuring temporal discounting—We employ two inventories
from the psychology literature that measure two distinct concepts related to temporal
discounting, namely consideration of future consequences (i.e. future orientation) and
deferred gratification:

. Consideration of future consequences, which quantifies the extent to which
individuals consider potential future outcomes of their current behavior, is
predictive of a number of health behaviors (Chapman, 2005), which makes
it especially relevant to adherence. To measure this construct, we use the
Consideration of Future Consequences (CFC) scale, a common, cross-culturally
validated measure with attractive psychometric properties: Cronbach’s a
coefficients ranging from 0.80 to 0.86 across four different samples, with
two-week and five-week test-retest reliabilities of r=.76 and .72, respectively
(Strathman et al., 1994). Participants are asked to indicate how much the
behavior described in a statement is characteristic of them, from “not at all like
me” (0) to “very much like me” (5). There are nine statements representative of
forward thinking (e.g. “I am ready to sacrifice my current happiness or wellbeing
in order to achieve future results™) and five reverse statements (e.g. “I only act to
satisfy immediate needs, thinking the future will take care of itself”), which are
scored accordingly.

. As an alternative measure to CFC we use the Deferment of Gratification Scale
(DGS), which assesses the ability to resist the temptation of an immediate reward
and instead wait for a larger, later reward (Carducci, 2009). The DGS comprises
two factors relevant to adherence behavior: controlling impulses and planning
and waiting. This scale is particularly relevant to test alongside our discounting
tasks as it is specifically designed to target intertemporal economic behavior,
originally to explain social mobility and lack thereof (Ray and Najman, 1986).
Participants select between “strongly disagree” (0) to “strongly agree” (5) on 12
items. Six items are ’positive’ (such as “I am good at saving my money”) and six
reversed (for example, “I agree with the philosophy ’eat, drink and be merry, for
tomorrow we may all be dead.””).

Our behavioral tasks to measure temporal discounting include an internally developed effort
task and two monetary tasks, Convex Time Budgets (Andreoni and Sprenger, 2012) and
Multiple Price Lists (Andersen et al., 2008). We focus here on the effort task in the

interest of brevity. We chose this task for three reasons. First, a common criticism of
monetary discounting tasks is that money is fungible and therefore these tasks may not
capture time preferences over consumption in the presence of functioning credit markets
(Augenblick et al., 2015). An effort task addresses this concern. Second, monetary tasks
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involve payments, while an effort task involves small behavioral costs; this makes an effort
task a better model of adherence behavior, which also involves small behavioral costs

(e.g. seeing a doctor). Third, using monetary incentives to elicit time preferences may be
inappropriate in developing countries since individuals might discount money for situational
reasons other than preferences; for example, a participant might demonstrate low discount
rates in a monetary discounting task when they have enough food on the table, but show
different preferences when food is scarce because they need the money immediately. Indeed,
Carvalho et al. (2016) show that low-income participants are present-biased, giving stronger
weight to payoffs that are closer to the present rather than the future, when making choices
in a monetary discounting task before payday, but do not show present bias in non-monetary
real effort tasks under these circumstances. For these reasons, we implement a fask of
choices over time-dated effort. Participants had to choose between an earlier and later
amount of effort, in the form of a specific number of phone calls to the Busara Center at
particular hours in the evening. The participants could choose to make two phone calls (or
related acceptable contact, including SMS or a “please call me” message) on the earlier
date, or a number of between 1 and 6 calls at the later date, depending on the decision.
Respondents were told they would be paid a fixed KES 500 one month after the session,
conditional on completion of the task. An example of a participant’s screen is provided in
Figure A.6.

We model intertemporal choices using a quasi-hyperbolic discounting function following
Laibson (1997), which allows for time-inconsistent preferences. From participants’ choices,
we estimate two discounting parameters: First, the ”present-bias” parameter, 8;, which
attaches special weight to immediate outcomes. 8;= 1 implies no present bias, whereas
Bi<1implies present bias. The second parameter, &; describes the rate at which future
outcomes are devalued exponentially. For example, §;= 1 means that a participant behaves
as if they are indifferent between making 2 calls tomorrow and 2 the day after tomorrow,
whereas &;= .5 implies that the participant would be indifferent between 1 call tomorrow
and 2 the day after tomorrow.

Demographic Measures and Additional Data—Our demographic questionnaire asks
participants for the following information: age, gender, employment status, weekly earnings,
financial dependency on someone else, daily consumption, household composition, marital
status, and perceived social standing in the community relative to others (Adler and Stewart,
2007).

Table 1 summarizes the psychometric criteria for test-retest reliability, construct validity,
internal consistency/reliability, and acceptability against which we tested each of the adapted
psychological scales and behavioral tasks.

Internal Consistency: Cronbach’s alpha

The degree to which items are interrelated and measure a single underlying construct in each
subscale or in a total score is assessed using Cronbach’s alpha (Cronbach, 1951). Following
Streiner (2003) we consider a = 0.70 acceptable internal consistency, and a > 0.90 to
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indicate item redundancy. Cronbach’s a is listed for each scale in Column (1) of Table 2.
We find high values of 0.94 and 0.80 for BRIEF and GSE, respectively, and moderate values
between 0.45-0.55 for DGS, CFC, and PMS. Thus, our questionnaire measures of executive
control and generalized self-efficacy have satisfactory internal consistency, while that for
mastery and those for temporal discounting have somewhat weaker consistency.

Test-Retest Reliability

We assess test-retest reliability uniformly across tasks and scales. For every scale score

and parameter estimate, we calculate Lin’s Concordance Correlation Coefficient (Lawrence
and Lin, 1989). We consider acceptable reliability of a scale or parameter as p.> 0.70.
Column (2) of Table 2 lists Lin’s Concordance Correlation Coefficient of intertemporal, or
“test-retest”, reliability for the subsample of 93 participants who completed identical scales
and tasks one week later. None of the scales has p.> 0.70, our pre-specified criterion.
However, some of the scales get close, with BRIEF and GSE both at 0.62. No scale has a p,
< 0.40. Note that these results mirror those for internal consistency in that BRIEF and GSE
appear to exhibit better psychometric properties than other scales adapted to this context.

Acceptability: Maximum Endorsement Frequencies

Where applicable, we calculate Maximum Endorsement Frequencies (MEF) as the
percentages of respondents selecting a particular choice in items with a discrete number

of possibilities (Bowling, 2014, p.117). In our Likert-type scales, for instance, these are
equal to the proportion of participants choosing the most common answer. For the Tower
of London task, MEF is the proportion of participants who complete a given trial in a
specific number of moves. We reject any item which has a MEF exceeding 80% of the
sample (Bowling, 2014). Floor and ceiling effects are accounted for by this metric as special
cases in which the lowest and highest response possibilities, respectively, violate the MEF
criterion. As shown in Column (3) of Table 2, we find that this is not the case for any of our
scales. This is also true for the Tower of London task. Thus, we find adequate acceptability
for each of the scales according to MEF.

Confirmatory Factor Analysis

We use confirmatory factor analysis to compare the empirical factor structure of each scale
to the intended factor structure. For each scale, we test a model that has a latent factor
representing each subscale (or the scale itself if the original scale is not partitioned). We
assume that each item loads on only its respective subscale and none of the other latent
factors. Latent factors are allowed to be correlated with each other, and we assume that there
is no error covariance among the items.

We test models for each scale in accordance with models found in the original validation
papers for these scales, as displayed in Table 1. Specifically, for BRIEF-A, we test a model
for each of the five subscales within the metacognition factor, from which we sample the 32
questions. For all other scales we implement a single factor model. We then examine model
fit using commonly applied global fit criteria. Acceptable fit of the model is indicated by

a Comparative Fit Index (CFI) around 0.95, and a root mean square error approximation
(RMSEA) < 0.08, with RMSEA < 0.05 indicating a strong fit (Hu and Bentler, 1999). In
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addition, we report the Tucker—Lewis Index (TLI), with values near 1.0 indicating good fit
and values > 0.90 considered acceptable, and the Akaike Information Criterion (AIC), with
higher values preferable. (Akaike, 1987; Dunn et al., 1993; Marsh et al., 1996; Tucker and
Lewis, 1973; Cheung and Rensvold, 2002).

The results from the confirmatory factor analysis of our psychological scales are shown in
Columns (4)—(7) of Table 2, which report the CFI, TLI, RMSEA, and AIC, respectively.
Recall from above that acceptable fit of the model is indicated by RMSEA < 0.05, CF/ >
0.95, and 7L/< 0.90 (Hu and Bentler, 1999). We observe reasonable fit for our executive
function and self-efficacy scales, but poor fit for the two discounting scales. BRIEF has
the lowest RMSEA at 0.07, as well as highest AIC, with CFl and TLI close to 0.85. GSE
has almost identical relative fit indices but lower AIC. PMS shows somewhat worse fit,
with CFI of 0.69, TLI of 0.54, and a relatively high RMSEA of 0.12. For both CFC and
DGS, the CFI and TLI are below 0.50. However, RMSEA for these scales is still reasonable
at around 0.10, and the AIC is higher than for the self-efficacy scales. No scale satisfies
our pre-defined acceptability criteria, but we obtain reasonable evidence for the validity of
the factor structure reported in the literature on Western populations of BRIEF, GSE, and,
to a lesser extent, PMS. In conjunction with the results for reliability and consistency, we
interpret the evidence to suggest BRIEF and GSE are well-designed for use among our
target population, and other scales less so.

Exploratory Factor Analysis

In addition to the confirmatory factor analysis, Table 3 reports the results of an exploratory
factor analysis where each of the individual measures are treated as items of an overall
meta-instrument. Columns (2)—(5) list the loadings of each of the measures onto the first
four common factors. These factors are rotated obliquely, post-estimation, to maximize
explanatory power of the factors and allow for non-orthogonality between factors. We note
that the two executive function tasks, Stroop and Tower of London, as well as all the
scales, load heavily on the first factor. The behavioral measures of temporal discounting,
BEMand 557701 and the Deferment of Gratification Scale, load together onto the second
factor, but the Consideration of Future Consequences scale does not. The third factor is
characterized by loadings for two measures each of executive function (TOL and BRIEF)
and self-efficacy (Slider Task and GSE), implying that these two constructs covary in the
population and are related to another latent characteristic. Finally, the fourth factor exhibits
strong explanatory power for TOL and the two temporal discounting scales, for which there
is no straightforward interpretation.

Column (6) reports the communality of each instrument, or the proportion of total variation
which can be accounted for by the four common factors. We find communality scores to

be clustered in a narrow band between the Stroop task (0.48) and the Slider task (0.68).

The model explains approximately half of the variation for each of the constructs measured
with moderate and similar communality scores, implying that no instrument is orthogonal to
others.
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Construct Validity: Pairwise Correlations

Construct validity for both scales and tasks is assessed using convergent and discriminant
validity. We hypothesize that tasks (in terms of overall performance, defined separately for
each task) and scales will correlate with other tasks and scales within the same construct
(convergent validity), but not with scales and tasks corresponding to other constructs
(discriminant validity). Specifically, we construct a correlation matrix of all measurement
instruments. We expect |o| > 0.3 for instruments within the same construct and |g| < 0.3 for
instruments relating to different constructs. We report the number of relationships that do
and do not correspond to our predictions for each construct; construct validity is considered
to be established if = 75% of results support the hypothesized relationships (Terwee et al.,
2007).

Table 4 shows the pairwise Pearson correlations between our measures. For executive
control, we find that BRIEF-A weakly correlates with both executive control tasks (i.e. TOL
and Stroop), and does not correlate significantly with 12/17 other measures. For temporal
discounting, CFC weakly correlates with DGS as expected, but not significantly with any
of the 11 behavioral discounting measures. The same is true for DGS, which does not
correlate significantly with any of the behavioral measures. For self-efficacy, GSE and PMS
are moderately correlated, and PMS also weakly correlates with the self-efficacy task, but
GSE does not reach significance. Across constructs, the SE task weakly correlates with the
TOL and Stroop tasks, suggesting it may be tapping aspects of executive control in addition
to self-efficacy. In turn, the Stroop and TOL tasks, both tapping distinct aspects of executive
control, weakly correlate with each other as expected. The two discounting parameters do
not correlate significantly with other scales or tasks, but they do correlate with each other.

Overall, contrary to what we expected, we find weak correlations between tasks and scales
implemented to measure executive control, and no correlations between tasks and scales
implemented to measure temporal discounting and self-efficacy, respectively. These results
suggest that each scale and behavioral task tested in this context might be tapping a distinct
process within the domain of the target construct.

Discussion

The purpose of this paper was to adapt and test the psychometric properties of a battery

of Western psychological scales and behavioral tasks measuring temporal discounting, self-
efficacy, and executive control in Kenya. We report two main findings: First, we find that
some scales show better psychometric properties than others; specifically, the BRIEF-A,
which we used to measure executive control, and the GSE, which we used to measure
self-efficacy, were the only two scales with acceptable values of Cronbach’s alpha and
test-retest-reliability. Indeed, many of the statistics do not reach the levels conventionally
considered desirable, highlighting the difficulty of translating constructs, scales, and tasks
across cultures. Second, we find low correlations between behavioral tasks and self-report
scales hypothesized to measure the same construct, suggesting that these specific assays do
not measure the construct, or may be tapping distinct processes within the domain of the
target construct.
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We speculate that BRIEF-A (which targets executive control) and GSE (which targets self-
efficacy) may adapt well because they tap universal constructs that vary little across cultures.
Indeed, our findings complement prior work which has successfully validated these assays
across cultures (Scholz et al., 2002). In contrast, the measures tested here that do not adapt
well may be measuring distinct processes within the domain of the target construct that

vary across cultures, and thus may require further adaptation. For example, PMS may not
exactly measure self-efficacy, but rather perceived control, which has been shown to carry
varying connotations dependent on the culture in which it is measured (Cheng et al., 2013).
Similarly, CFC (which targets future orientation) and DGS (which targets impulsivity) tap
constructs that offer two distinct explanations for discounting behavior that may be context-
dependent (Becker and Mulligan, 1997; Carvalho et al., 2016; Laajaj, 2012), rather than
measuring time preferences. Further, although we conducted cognitive interviewing with the
target population to reduce the risk of response bias, it is also possible that such biases
affected responses to the self-report questionnaires.

One of the central goals of the SOBC network is to ascertain whether specific assays within
a target domain are tapping overlapping or distinct processes. The current study tests the
hypothesis that psychological scales strongly correlate with behavioral tasks, theorized to
tap the same construct, but, interestingly, finds poor correlations between self-report and
behavioral measures adapted to the Kenyan context. Other studies have also found that
self-report assessments of discounting do not correlate with behavior tasks. For example,

in a meta-analysis on self-report and behavioral measures of self-control, Duckworth

and Kern (2011) conclude that “self-control is a coherent but multidimensional construct
best assessed using multiple methods.” However, given the relatively small number of
measures used, poor psychometric properties of most of the scales, and the possibility that
they tapped distinct processes, it is difficult to draw strong conclusions from this result.
Indeed, a limitation of the current study is that the scales and tasks chosen for adaption

may have measured the intended target constructs, but separate components. Specifically,
CFC and DGS assess trait-like qualities related to temporal discounting rather than true
preferences measured with the discounting task. BRIEF-A assesses executive control across
four different subdomains (i.e. initiate, working memory, plan/organize, and task monitor).
TOL and Stroop assess planning and attentional control, respectively. Finally, our behavioral
measure of self-efficacy may be assessing processes other than self-efficacy measured by
the GSE and mastery by the PMS. Future studies might attempt to develop self-report and
behavioral measures that tap identical processes and assess culturally valid manifestations of
these processes.

The present study raises several questions for future research. First, though we discuss
temporal discounting, self-efficacy, and executive control as potential mechanisms of change
mediating the relationship between stress, chlorination, and ANC/PNC adherence in Kenya,
we did not study relationships of the tasks and questionnaires with these outcome variables
in the current study. Using the adapted measures with acceptable psychometric properties,
we are currently in the process of examining the effects of stress on our three targets in a
laboratory study, which induces stress using four different methodologies: hydrocortisone
administration (Riis-Vestergaard et al., 2017), the Trier Social Stress Test (Kirschbaum et al.,
1993), the cold pressor task (Hines and Brown, 1936), and centipede game (Haushofer et
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al., 2015). We are also developing and testing several interventions hypothesized to engage
our three targets and intend to study how target engagement correlates with health behaviors,
such as chlorination of drinking water and ANC/PNC adherence among mothers. Second,
given the reasonable but not particularly strong psychometric properties of the psychological
scales, future work might attempt to develop new scales for these three concepts that are
specifically geared to low-income populations in developing countries.
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Figure A.1.
Stroop Task Interface
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To move the rectangles and circles, click on them and don't let go while you drag them to the place you want them to be.

Let go and drop them when you are happy with where they are.

You can drag the shapes across two sticks. You don't have to move them across one stick at a time.

Minimum Number of Moves: 2

Start

Figure A.2.
Tower of London Task Interface
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Figure A.3.
Self-Efficacy Task Interface
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EARLIER:

Paid on November 21, 2016
Ksh 400

LATER:

Paid on December 5, 2016
Ksh 1600

December 5, 2016 is 2 weeks after November 21, 2016

CHOOSE THE LATER PAYMENT

OK

Figure A.4.
Multiple Price List Task Interface
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EARLIER

LATER

EARLIER:

Paid on December 5, 2016

LATER:
Paid on December 19, 2016

Maximum Gain : 400 Maximum Gain : 1600

115 Ksh

1140 Ksh

Figure A.5.

December 19, 2016 is 2 weeks after December 5, 2016

OK

Convex Time Budget Task Interface

Behav Res Ther. Author manuscript; available in PMC 2022 October 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Esopo et al.

Page 29

EARLIER:

Call between 6:00 PM and 10:00 PM

LATER:

on February 2, 2017 on February 16, 2017

2 phone calls to Busara.

1 phone calls to Busara.

Call between 6:00 PM and 10:00 PM

Figure A

February 16, 2017 is 2 weeks after February 2, 2017

CHOOSE THE LATER DATE TO MAKE PHONE CALLS

OK

.6.

Effort Discounting Task Interface

Table A.1

Consideration of Future Consequences (CFC) Scale Items

Scale

1 ="Not at all like me”...7 = "Very much like me”

ga A W N

(2]

10
11

I think about how things would be in days to come, and try to influence those things in my daily behavior.
| often involve myself in a specific behavior to achieve results that may not come until many years later.
I only act to satisfy immediate needs, thinking the future will take care of itself.

My behavior is influenced by the immediate outcomes of my actions (i.e. within a few days or weeks).

When | take action or make decisions, | am more likely to choose an option that involves little trouble or
effort.

| am ready to sacrifice my current happiness or wellbeing in order to achieve future results.

I think it’s important to take warnings on bad outcomes as a very weighted issue even if the bad outcome may
not happen until many years later.

I think it is important to work on something with important future consequences than on something with less
important immediate consequences.

In general, | ignore warnings about problems that can possibly happen later because I think those problems
will be solved before reaching a crisis level.

I think that sacrificing now is not a must because later outcomes can be dealt with at a later time.

I only act to satisfy immediate concerns, figuring that I will take care of the future problems that may occur at
later date.

Behav Res Ther. Author manuscript; available in PMC 2022 October 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Esopo et al.

Scale 1 ="Not at all like me”...7 ="Very much like me”
12 Since my everyday work has specific outcomes, it is more important to me than behavior that has distant
outcomes.
13 When | make a decision, | think about how it might affect me in the future.
14 My behavior is generally influenced by future consequences.

Table A.2

Deferment of Gratification (DGS) Scale Items

Scale

1 ="Strongly disagree”...7 = ”’Strong agree”

© 00 N o U A~ W N

=R e
N P O

| am good in saving my money instead of spending it at once.
| enjoy something more when | have to wait for it and plan for it.
When | was a child, | saved any pocket money that | had.
When I am in the market, | usually buy a lot of things that | had not planned to buy.
I am constantly without money.
I agree with the philosophy: “Eat, drink, and be happy, for tomorrow we may all be dead”.
1 would describe myself as often acting without thinking for my own good.
I often think it is important to wait and think things over before deciding.
I like spending my money immediately after I get it.
It is hard for me to avoid losing my temper when someone gets me very angry.
Most of the time, it is easy for me to be patient when | am kept waiting for things.

| am good at planning things ahead.

Table A.3

General Self-Effiacy (GSE) Scale Items

Scale

1 ="Strongly disagree”...7 = ”Strong agree”

© 00 N oo o0~ W N

=R e
N P O

I cannot usually handle whatever comes my way.
I can always solve difficult problems if I try hard enough.
If someone is against me, | can find means and ways to get what | want.
It is easy for me to stick to my aims and accomplish my goals.
| am confident that | could deal appropriately with unexpected events.
Thanks to my skillful and creative thinking, | know how to handle unforeseen situations.
| solve most problems if | put in the necessary effort.
I can remain calm when | am facing difficulties because | can rely on my abilities to cope.
When | am faced/confronted with a problem, | can usually find several solutions.
If 1 am in trouble, I can usually think of a solution.
I can usually handle whatever comes my way.

I cannot always solve difficult problems if I try hard enough.
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Table A.4

Pearlin Mastery Scale (PMS) Items

Scale 1 ="Strongly disagree”...7 = ”’Strong agree”

There’s no way | can solve some of the problems | have.
Sometimes | feel that | am being pushed here and there in life.
I have little control over things that happen to me.
I can do anything when | put my mind to it.
Most of the time, | feel helpless when dealing with problems of life.

What happens to me in the future mostly depends on me.

~N o o0 A WON P

There’s little | can do to change most of the important things in my life.
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Highlights

. We study psychometric properties of Western scales and tasks adapted for use
in Kenya.

. Constructs measured are temporal discounting, self-efficacy, and executive
control.

. We find acceptable psychometric properties for some but not all scales and
tasks.

. We do not find correlations between scales and tasks measuring the same
construct.
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