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Research over the last 25 years has shown that care-
givers' mind-mindedness (Meins,  1997) predicts vari-
ous positive aspects of child development (see Aldrich 
et al., 2021; McMahon & Bernier, 2017, for reviews). Mind-
mindedness is defined as the caregiver's tendency to treat 
the young child as an individual with a mind of their own 
and is operationalized in infancy in terms of caregivers' 
comments about their infants' thoughts and feelings. 
Mind-minded caregivers tend to comment appropri-
ately on the infant's internal states (appropriate mind-re-
lated comments) rather than misinterpreting what the 
infant is thinking or feeling (non-attuned mind-related 
comments) (Meins et  al., 2001, 2012). Higher levels of 
mind-mindedness are associated with secure attach-
ment (e.g., Lundy,  2003; Meins et  al., 2001, 2012,  2018) 
and children's own understanding of other minds in the 
preschool years (e.g., Centifanti et  al.,  2016; Fishburn 
et al., 2022; Kirk et al., 2015; Laranjo et al., 2010, 2014). 
In children from socially and economically disadvan-
taged backgrounds, mind-mindedness in the first year 
of life is reported to predict fewer behavioral difficulties 

in the preschool years and the first year of school (Meins 
et al., 2013) and higher attainment in standardized school 
assessments at ages 7 and 11 (Meins et al., 2019).

Interventions to facilitate mind-mindedness

Due to the positive associations in the extant literature 
between mind-mindedness and children's outcomes, re-
searchers have devised intervention procedures in order 
to attempt to facilitate caregivers' mind-mindedness. 
The first of these interventions used video feedback to 
help caregivers to comment more appropriately on their 
children's internal states. Colonnesi et al.'s  (2012) inter-
vention focused on adoptive parents and their children 
and was associated with a decrease in insecure attach-
ment. Schacht et al. (2017) used a video feedback mind-
mindedness intervention with their sample of mothers 
hospitalized for severe mental illness. They reported 
that, compared to mothers who had received video 
feedback targeted at encouraging them to talk to their 
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infants and follow their gaze, those who had received 
the mind-mindedness intervention showed a significant 
decrease in non-attuned mind-related comments and a 
non-significant increase in appropriate comments from 
admission to discharge. Moreover, the mothers who had 
received the intervention were not significantly differ-
ent from psychologically well controls in terms of either 
appropriate or non-attuned comments at discharge. At 
follow-up in the second year of life, mothers who had 
received the intervention were also more likely to have 
secure attachment relationships with their infants com-
pared with the comparison group of mothers who had 
also been hospitalized for severe mental illness.

Larkin et al. (2019) investigated whether it was possible 
to facilitate mind-mindedness using an intervention that 
was less labor-intensive than the individually delivered 
video-feedback procedures that had proved effective in 
previous research. They developed a smartphone app 
that provided caregivers with psychoeducation on early 
infant development and sent a daily alert prompting the 
caregiver to consider what was “on their infant's mind.” 
In response to these alerts, the caregiver could post pho-
tographs or video clips to indicate how the infant was 
feeling or what they were thinking, with the research 
team providing feedback to facilitate mind-mindedness. 
For example, if a post did not mention the infant's inter-
nal state (e.g., “We're having breakfast”), the feedback 
would prompt the caregiver to consider the event in light 
of the infant's internal states (e.g., “What does [name] 
like most for breakfast?”), reply in the first person from 
the infant's perspective (e.g., “That's yummy!”), or model 
the use of mental states (e.g., “Looks like they really like 
that yogurt!”).

The app was administered to a community sample 
of mothers who were recruited in the last trimester of 
pregnancy and began using the app as soon as the in-
fant was born. These dyads were followed up when the 
infants were 6 months of age, at which point mothers' 
mind-mindedness was assessed from a laboratory free-
play mother–infant interaction. Mind-mindedness in the 
intervention group was compared with that in a control 
sample of mothers who were recruited when their infants 
were 6 months and had not received the smartphone 
app. Compared with the control group, mothers in the 
intervention group produced significantly more appro-
priate mind-related comments and significantly fewer 
non-attuned comments when interacting with their in-
fants. Larkin et al.  (2019) also investigated whether the 
app was equally effective in facilitating mind-minded-
ness in younger versus older mothers, given previous 
research findings indicating that teenage and younger 
mothers are less mind-minded than their older counter-
parts (Demers et  al.,  2010). The younger mothers who 
had received the app were more mind-minded than both 
younger and older mothers in the control group, suggest-
ing that the app mitigated the impact of early mother-
hood on mind-mindedness. These findings are important 

because they provide evidence that mind-mindedness 
can be facilitated remotely using a technique that could 
be administered to parents on a grand scale.

Factors that may moderate the efficacy of 
mind-mindedness interventions

Aside from maternal age (Larkin et al., 2019), previous 
research has not explored factors that may moderate the 
efficacy of an intervention that aims to facilitate mind-
mindedness. We therefore do not know whether some 
mothers may be more receptive than others to proce-
dures that encourage them to engage with and reflect on 
their infants' internal states. Mind-mindedness is one of 
a number of constructs that fall under the umbrella term 
parental mentalization (see Zeegers et al., 2017). Another 
aspect of parental mentalization is parental reflective 
functioning (PRF; Slade,  2005). While mind-minded-
ness focuses specifically on the caregiver's mentalistic 
interpretations of the infant's behavior during caregiver–
infant interaction, PRF assesses the caregiver's more 
general ability to mentalize about the caregiver–child 
relationship and themselves in the caregiving role.

PRF is typically measured by analyzing caregivers' 
responses to interviews, such as the Parent Development 
Interview (PDI; Aber et al., 1985), and is scored on an 11-
point scale (Slade et al., 2005), ranging from bizarre/in-
appropriate (−1) to high/exceptional (+9). Higher scores 
indicate the caregiver's ability to talk about the complex 
nature of internal states, the interplay between the care-
giver's internal states and those of their child, and the 
fact that internal states are variable and often difficult to 
read. Lower PRF has been reported to relate to a range 
of demographic and psychosocial risk factors (Arkle 
et  al.,  2023). Mothers who demonstrate more sophisti-
cated engagement with and reflection on their infants' 
thoughts and feelings may be likely to be receptive to an 
intervention that encourages them on a daily basis to 
think about what is on their infant's mind. Levels of PRF 
at baseline may therefore moderate the effectiveness of 
the app in facilitating mind-mindedness.

The present study also included a number of other 
important variables that may relate to the efficacy of 
the mind-mindedness intervention. Although the ex-
isting evidence suggests that mothers' mental health is 
unrelated to mind-mindedness unless the mother is diag-
nosed with severe mental illness (Crucianelli et al., 2019; 
Meins et  al.,  2011; Schacht et  al.,  2017), higher levels 
of depression or anxiety or low levels of self-esteem or 
social support may impair the mother's ability to en-
gage with the app and benefit from the intervention. 
Similarly, while previous research indicates that infant 
temperament is unrelated to mind-mindedness (Larkin 
et al., 2019; Meins et al., 2011), having a temperamentally 
difficult infant may make it more difficult for the mother 
to benefit from the intervention. The present study 
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therefore assessed mothers' psychological wellbeing and 
infant temperament, and controlled for these variables 
in evaluating the effectiveness of the mind-mindedness 
app intervention.

The present study

The main aim of the present study was to evaluate the 
efficacy of the app used in Larkin et al.'s (2019) study 
using a rigorous randomized controlled trial design. We 
chose to assess mind-mindedness at two time points: 
baseline (when infants were age 6 months) and follow-
up at age 12 months (the age at which the interven-
tion or control procedures terminated). We predicted 
that, compared with the control group, the interven-
tion group would achieve higher scores for appropriate 
mind-related comments and lower scores for non-at-
tuned mind-related comments post-treatment. We also 
hypothesized that there would be a significant increase 
in appropriate mind-related comments from baseline 
to follow-up specifically in the intervention group. It 
was somewhat less straightforward to formulate a pre-
diction regarding change over time for non-attuned 
comments. Individual differences in mind-minded-
ness—and perhaps particularly in non-attuned com-
ments—arise in part because of the opacity of young 
infants' internal states. For much of the first year, in-
fants are not mobile and cannot talk and therefore have 
little agency in demonstrating or expressing their de-
sires, likes, dislikes, thought processes, and so on. But 
as infants become able to crawl, walk, and talk, it is ar-
guably easier for caregivers to interpret their thoughts 
and feelings (Fishburn et al., 2022); non-attuned com-
ments may thus naturally decline over the first year of 
life. We therefore predicted that both the intervention 
and control groups would show a decrease in non-at-
tuned comments from baseline to follow-up, but that 
the decrease would be more marked in the intervention 
group. These hypotheses were made a priori, a power 
analysis was used to determine sample size, and the 
primary outcomes were pre-registered; we therefore 
consider our approach to be confirmatory. The study 
also explored whether mothers' baseline PRF moder-
ated the efficacy of the app intervention; these analyses 
were exploratory.

M ETHOD

Participants

Participants were 152 mothers with infants (72 girls) aged 
around 6 months (M = 28.55 weeks, SD = 4.29, range 21–
48), who were recruited and completed baseline testing 
between June 2014 and June 2018. Participants lived in 
the cities of York and Hull and the surrounding areas 

in the northeast of England. Recruitment was partly 
through local maternity services, whereby clinicians 
identified suitable candidates and referred them to 
the study team. The study team also recruited directly 
within the community (children's centers, community 
events, parent–baby groups, social media, and word of 
mouth). Reflecting the ethnic makeup of the local area, 
146 of the mothers were White; 135 were in a relationship 
with the infant's father, 14 were single, and 30 were aged 
22 or younger. Eligibility criteria were speaking to the 
infant in English, being aged 15 or older, and owning or 
having regular access to a smartphone. While the trial 
was initially designed to recruit only teenage and young 
mothers up to age 22, the upper age limit was removed 
10 months after the study commenced to ensure that ad-
equate numbers were reached to test the efficacy of the 
intervention. The study was approved by the National 
Health Service Health Research Authority Research 
Ethics Committee (REC reference: 14/NE/0114, IRAS 
project ID: 126036), and testing was conducted in line 
with the guidance of the British Psychological Society 
and American Psychological Association.

All participants provided written informed consent to 
participate. In line with National Health Service guide-
lines, parental consent was additionally required for par-
ticipating mothers who were age 15. Participants were 
paid £20 and travel costs per testing session and received 
an additional £10 gift voucher if they completed the fol-
low-up session at age 12 months.

Materials and methods

Overview of testing procedures

Testing took place either in the university laboratory 
(87%), at a community children's center or school (11%), 
or in the participant's home (1%). At age 6 months, 
participants completed the mind-mindedness assess-
ment, an infant temperament measure, the PDI (to 
assess PRF), and questionnaires assessing depression 
and anxiety, self-esteem, and perceived social sup-
port. Mothers also provided demographic informa-
tion. They indicated which level of education they had 
completed on a 0–6 scale: primary, secondary with or 
without qualifications, college with or without quali-
fications, occupational training, third-level course, 
undergraduate degree, postgraduate degree. They de-
tailed their living arrangements, sources of income, 
occupation, family composition, and provided infor-
mation about their mental and physical health. After 
the testing procedures had been completed, mothers 
were randomly assigned to the intervention or control 
group (see below). Mothers and infants returned for 
the follow-up phase at age 12 months and completed 
the mind-mindedness assessment for a second time. At 
this time point, mothers in both the intervention and 
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control groups provided feedback on how often they 
had used the designated app according to the following 
scale: 0 = rarely or never, 1 = a few times a month, 2 = a 
few times a week, 3 = every day.

Mind-mindedness assessment

The procedure was identical at the 6- and 12-month 
phases. Mother–infant dyads were observed in a 10-
min free-play session. Mothers were instructed to play 
with the infant as they would do if they had free time 
together at home. The sessions were later transcribed 
verbatim and coded for mind-mindedness using Meins 
and Fernyhough's  (2015) criteria, in conjunction with 
viewing the filmed interaction. Comments in which 
the mother referred to the infant's internal state or 
commented in the first person on the infant's behalf 
(mind-related comments) were identified and each was 
coded dichotomously as appropriate or non-attuned. 
The former denotes comments where the attributed in-
ternal state (a) is consistent with the infant's behavior 
at that moment in time (e.g., saying the infant wants a 
toy if he or she reaches toward it), (b) links the infant's 
current internal state with related events in the past or 
future (e.g., “You'll want to pet the lambs when we visit 
the farm tomorrow” while the infant played with a toy 
lamb), or (c) sought to engage the infant in play after 
a lull in the interaction (e.g., “You'll like this rattle”). 
Comments where mothers voiced in the first person 
what the infants would be likely to say if they could 
talk were also coded as appropriate. Non-attuned 
mind-related comments were where the attributed in-
ternal state (a) is inappropriate given the infant's ongo-
ing behavior or seeks to redirect the infant to a new 
activity while the infant is actively engaged with a toy 
(e.g., “You don't want to play with that anymore”), (b) 
is unrelated to the infant's current activity (e.g., “Do 
you want to go out for lunch?” while the infant is play-
ing with the stacking rings), (c) appears to project the 
mother's internal state onto the infant, or (d) has an 
ambiguous referent.

All of the observations were coded for mind-mind-
edness by a trained researcher who was blind to all 
other data, including group allocation, with a ran-
domly selected 25% of sessions at each phase coded by 
a second trained, blind researcher. Coding of the fol-
low-up sessions was conducted 4 years after coding the 
baseline sessions. Coders were not blind to the main 
hypothesis of the study (testing the efficacy of the in-
tervention), but were blind to the hypothesized mod-
erating effect of PRF. Inter-rater reliability for coding 
mind-related comments as appropriate or non-attuned 
was κ = .74; disagreements were resolved by discus-
sion. To control for variation in maternal verbosity, 
scores for appropriate mind-related comments and 
non-attuned mind-related comments were expressed 

as a percentage of the total number of comments made 
during the session; percentage scores were used in all 
analyses.

PRF assessment

PRF was assessed from mothers' responses to the PDI-
R2-S (Slade, Aber, et  al.,  2004). This semi-structured 
interview explores caregivers' representations of them-
selves as a parent, of their child, and of the parent–child 
relationship. Permission was given by the lead author 
(Slade, pers comm) to reduce the interview to 20 items 
by leaving out sections D (Parent's Family History) and 
E (Separation and Loss). The interviews were audio re-
corded and transcribed verbatim. Using the Reflective 
Functioning Manual (Fonagy et  al.,  1998) and the 
Addendum to Reflective Functioning Scoring Manual 
(Slade, Bernbach, et al., 2004), a trained coder read the 
transcripts and assigned each an overall score for PRF. 
PRF is rated on an 11-point continuous scale from −1 
(“Negative or Bizarre PRF”) to 9 (“Marked PRF”). A 
randomly selected subset of the transcripts (N = 21) 
was coded by a second trained, blind coder in order to 
measure inter-rater reliability; intra-class correlation co-
efficient (ICC) = .76. Both coders were blind to the hy-
potheses of the study.

Infant temperament

At age 6 months, infants took part in the car seat task 
from the Infant Laboratory Temperament Assessment 
Battery (Lab-TAB; Goldsmith & Rothbart, 1996) to as-
sess their temperament. This task has strong ecological 
validity, as well as good predictive and concurrent va-
lidity in measuring temperament when used in isolation 
from the full LabTAB battery (Hay et  al.,  2010, 2014). 
The mother was asked to strap their infant into a car seat 
(fixed to an upright chair in front of a camera) without 
speaking to the infant. The mother was instructed then 
to stand to the side, slightly behind the car seat (so that 
the infant could see them by turning their head), and 
refrain from looking at the infant. Thirty seconds were 
timed from when the mother closed the buckle of the car 
seat.

The filmed 30-s period was later divided into six 5-s 
epochs, with each coded for the presence and intensity 
of behaviors indicative of frustration and sadness. A 
trained researcher who was blind to all other data coded 
all of the observations, with a second trained, blind 
rater coding a randomly selected 25%. Both coders were 
blind to the hypotheses of the study. Inter-rater reliabil-
ity scores for the ratings were as follows: facial anger: 
ICC = .74; facial sadness: ICC = .77; distress vocalization: 
ICC = .85, and physical struggle: ICC = .81. Scores across 
the epochs were averaged to give mean scores for facial 
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anger, facial sadness, distress vocalization, and physical 
struggle. Scores for these four scales showed good inter-
nal reliability, α = .71. Composite scores were therefore 
calculated and used in the analyses. Higher scores indi-
cated greater negative affect, distress, and struggle, and 
index more difficult temperament.

Questionnaire measures

Maternal depression and anxiety were assessed using 
the Hospital Anxiety and Depression Scale (HADS; 
Zigmond & Snaith, 1983). The HADS is a 14-item ques-
tionnaire scored on a 4-point Likert scale. It has two 
subscales: anxiety (HADS-A) and depressive symptoms 
(HADS-D), which can be summed to give a total HADS 
score ranging between 0 and 42. A higher score indicates 
more symptoms of anxiety and depression; internal re-
liability, α = .79. Total HADS scores were used in the 
analyses.

Self-esteem was assessed using the Rosenberg Self-
Esteem Scale (Rosenberg, 1965). This 10-item self-report 
questionnaire generates a global measure of self-esteem, 
with each item rated on a 4-point Likert scale, providing 
a total score between 0 and 30. Higher scores indicate 
higher levels of self-esteem; internal reliability, α = .89.

Perceived social support was assessed using the Multi-
dimensional Scale of Perceived Social Support (Zimet 
et al., 1988). The 12-item questionnaire focuses on social 
isolation, loneliness, and whether individuals feel they 
have someone who can provide psychological support 
if needed. Items are rated using a 7-point Likert scale, 
yielding possible scores between 12 and 84, with higher 
scores indexing higher perceived social support; internal 
reliability, α = .95.

Randomization procedure

Figure 1 shows the CONSORT flow diagram for the en-
rollment, allocation, and follow-up phases of the study. 
Participants were randomly allocated to the interven-
tion (n = 73) or control group (n = 78) using the software 
Minim, which was programmed to account for mater-
nal age to ensure that both groups contained approxi-
mately the same number of younger (19 and younger) 
and older (over 19) mothers. Randomization occurred 
on a rolling basis across the recruitment period, with re-
cruitment, randomization, and data collection occurring 
in parallel. To avoid bias in data collection, a different 
researcher ran the software and wrote down the desig-
nated group while the testing was being completed. The 
allocated group was given to the researcher conducting 
the testing in a sealed envelope, which was opened when 
all of the testing had been completed. The researcher 
then administered the intervention or control procedure 
accordingly.

Intervention procedure

Mothers assigned to the intervention group were shown 
a 10-min animated film commissioned and developed 
by the study team to introduce them to the concept of 
mind-mindedness. The experimenter then modeled what 
the participant's infant might be thinking or feeling (e.g., 
“I really like this toy,” “I've never been here before”), 
emphasizing the importance of “tuning in” to the in-
fant's internal states. The mothers were asked to imagine 
what their infant might be thinking or feeling in various 
hypothetical situations and indicated what they could 
say to show they understood the infant's internal states. 
The experimenter then introduced the BabyMind© 
app (see below) and installed it on the mother's smart-
phone. The experimenter demonstrated the different 
tabs and ensured that the mother knew how to use the 
app. Participants consented to being sent a gentle text re-
minder if they had not uploaded a post for a week and to 
receiving a call if they had still not posted after a further 
3 days. The procedure lasted around 20 min.

The research team designed the BabyMind© app in 
conjunction with IC Mobile Lab and in consultation with 
parents and maternity professionals. The app contained 
four tabs: My Baby, Alerts, Info, and Journal. Users en-
tered their infant's date of birth, name, and gender, and 
uploaded a profile photograph in the My Baby tab.

Parents received daily alerts which provided brief re-
search findings relating to infants' psychological devel-
opment via the Alerts tab. Alerts were programmed to 
contain the name of the user's infant and were tailored to 
the age of the user's infant in order to encourage moth-
ers to appreciate their own infant's cognitive, linguistic, 
or socio-emotional abilities; all alerts were stored within 
the tab for future reference. The user also received a 
weekly cartoon depicting an infant engaged in a com-
mon activity, with a caption that modeled what the in-
fant might say if he or she could speak. The Alerts tab 
linked with the Info tab, which provided additional in-
formation relating to six areas of development: Forming 
relationships, Learning about the world, Learning to talk, 
Tuning into a baby's mind, Ideas for play, and How do we 
study babies? The Alerts and Info tab were designed to 
support users to hold developmentally accurate expecta-
tions of their infants and to provoke curiosity about their 
infants' minds.

Users received the daily alert “What's on [Name's] 
mind?” via the Journal tab to prompt them to reflect on 
what the infant might be thinking or feeling. The user 
could upload a statement, photograph, or video clip in 
response to the alert. The tab's text options included 
a wide range of emojis, and parents were informed 
that they could add these to their posts or simply post 
the emoji without any text. No guidance was given 
on the type of material that the users should upload. 
The research team viewed the uploaded material via 
a secure server, evaluated whether or not the post was 
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mind-related, and responded accordingly. Users then 
viewed the research team's response in the “Journal” 
tab. This response was the end of the process; the app 
was designed to prevent extended interaction between 
the user and the research team in order to avoid intro-
ducing additional variance in the amount of feedback 
provided.

Control procedure

Mothers watched a 10-min animated film on general 
infant development in the first year of life that did not 
cover mind-mindedness. The experimenter then asked 
the mother (a) whether they had noticed their baby doing 
any of the things from the film, (b) what changes they 

F I G U R E  1   CONSORT flow diagram summarizing the design of the randomized controlled trial. PRF, parental reflective functioning.
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had noticed in their baby since birth, and (c) how they 
kept track of their baby's development. The experimenter 
then introduced the control app. The app that was se-
lected was WebMD©, which is freely available via the 
App Store. We chose this app because it was very simi-
lar to BabyMind© in all ways apart from the prompts 
specifically to reflect on the infant's internal states. The 
control app had a Settings tab where the mother entered 
their infant's profile information. The Home tab deliv-
ered daily tips and weekly features targeted to the age of 
the user's infant. The Baby 101 tab provided information 
on infant health, growth, and developmental milestones, 
as well as tips on effective parenting. The Journal tab 
allowed the mother to chart their infant's development 
by uploading photographs and comments, and mothers 
could also record how much their infants were feeding, 
sleeping, and growing. Mothers were instructed to use 
the app as much as possible over the following 6 months. 
The procedure lasted around 20 min.

Study design and data analysis

The study was registered as a clinical trial with the 
ISRCTN Registry (https://​www.​isrctn.​com/​ISRCT​
N1938​3681), with the two mind-mindedness indices (ap-
propriate and non-attuned mind-related comments) stip-
ulated as the primary outcome measures. A statistical 
analysis plan was not pre-registered for this study. The 
study was conducted in alignment with the CONSORT 
statement for randomized trials of nonpharmacologic 
treatments (Boutron et  al.,  2017). As well as adopting 
this gold standard design, we used an active control 
condition (see above). A power calculation indicated 
that 66 participants per group were required to detect a 
medium-size effect with .80 power and α = .05. The trial 

used a superiority design, based on the assumption that 
participants who received the intervention would be su-
perior with regard to mind-mindedness compared with 
those who received the active control.

Statistical analysis was carried out using Stata ver-
sion 17.0. Estimates of treatment effect are presented 
alongside 95% confidence intervals (CIs) and p values. 
Statistical significance testing was carried out at the 5% 
level.

RESU LTS

Descriptive statistics and preliminary analyses

PRF data were available for 123 participants. Admini
stration instructions for the PDI-R2-S state that the in-
fant must not be present during the interview; missing 
data were due to the interview being terminated because 
of infants needing attention. Temperament data were 
available for 142 infants; missing data were due to termi-
nation of the assessment because of high infant distress, 
the requisite testing equipment not being available, or 
the mother not following the protocol instructions. At 
follow-up (age 12 months), data were available for 140 
mothers on the primary outcomes (appropriate and non-
attuned mind-related comments), with 8 intervention 
group and 4 control group dyads lost to the study between 
baseline and follow-up (see Figure 1). No harms were re-
ported by intervention or control group. Feedback was 
sought on the interventions at follow-up, and while oc-
casional technical difficulties were reported, no distress 
or adverse events were reported.

Table 1 shows the descriptive statistics for all vari-
ables as a function of whether participants received 
the BabyMind© or control app. In line with advice on 

TA B L E  1   Descriptive statistics for all variables as a function of group.

BabyMind© Control

M (SD) range M (SD) range

Maternal age in years 30.30 (5.99) 16–42 30.88 (7.01) 17–47

Infant age in weeks 28.99 (3.90) 22–40 28.15 (4.61) 21–48

Maternal education 5.42 (1.57) 2–7 5.37 (1.62) 2–7

HADS 8.70 (4.70) 0–19 9.47 (4.40) 0–22

Self-esteem 21.49 (4.30) 12–30 21.64 (4.86) 9–30

Perceived social support 71.42 (13.46) 12–84 71.68 (13.73) 12–84

Infant temperament 2.54 (2.00) 0–7.50 2.91 (2.31) 0–9.17

PRF 4.43 (1.38) 2–7 4.29 (1.37) 0–7

AMRC at 6 months (%) 3.70 (2.42) 0–10.85 4.24 (2.69) 0–11.59

NAMRC at 6 months (%) 2.37 (2.20) 0–8.46 2.53 (1.92) 0–8.93

AMRC at 12 months (%) 4.78 (3.62) 0–18.23 3.20 (2.91) 0–13.98

NAMRC at 12 months (%) 1.01 (1.47) 0–7.02 1.55 (1.74) 0–8.20

Abbreviations: AMRC, appropriate mind-related comments; HADS, Hospital Anxiety and Depression Scale; NAMRC, non-attuned mind-related comments; 
PRF, parental reflective functioning.
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analyses relating to randomized controlled trials (e.g., 
de Boer et al., 2015), formal statistical testing of differ-
ences between the groups at baseline was not carried 
out.

Table  2 presents the usage data for the intervention 
and control groups. Adherence to the protocol was de-
fined as using the app a few times a week or every day. 
As shown in Table 2, more mothers in the intervention 
group adhered to the protocol (36 out of 66) compared 
with their control group counterparts (28 out of 74), 
χ2(1) = 3.92, p = .048.

Table  3 shows the correlation matrix for all study 
variables at baseline. As shown in Table 3, scores for 
the two mind-mindedness indices were unrelated to 
the demographic and maternal mental health vari-
ables, apart from the small-effect negative correlation 
between non-attuned mind-related comments and 
HADS scores. These findings replicate those in the 
extant literature (e.g., Meins et  al.,  2011). Replicating 
previous null findings (e.g., Meins et al., 2012), scores 
for appropriate and non-attuned mind-related com-
ments were unrelated at baseline (see Table  3); the 
two mind-mindedness indices were also unrelated at 
age 12 months, r(138) = −.13, p = .117. At baseline, PRF 
scores were unrelated to both indices of mind-mind-
edness (see Table 3), replicating previous null findings 
(Dollberg, 2022).

Evaluating the efficacy of the BabyMind© app

Scores for appropriate and non-attuned mind-related 
comments at age 12 months are shown in Table  1. The 
primary outcomes of percentage of appropriate mind-
related comments and percentage of non-attuned 
mind-related comments were each analyzed using two 
different methods. The unadjusted mean difference be-
tween treatment groups was estimated using a t test. 
Note that this analysis used only post-intervention 
observed data, with the 12 participants who did not 
provide outcome data deleted, and did not include co-
variates. The unadjusted mean difference between the 
intervention and control groups was significant for ap-
propriate mind-related comments, t(138) = 2.84, p = .005, 
95% CI 0.48, 2.67, d = .48, but there was no significant 
group difference for non-attuned mind-related com-
ments, t(138) = 1.96, p = .052, 95% CI 0, −1.08, d = −.33. 
Next, the adjusted mean difference was estimated using 
linear regression, adjusting for PRF, baseline percent-
age of appropriate mind-related comments, and baseline 
percentage of non-attuned mind-related comments as 
fixed effects. This analysis also used only observed data; 
there were an additional 27 participants (Intervention 
14; Control 13) with primary outcome data who were ex-
cluded from the adjusted analyses due to not providing 
data on PRF at baseline. Table 4 summarizes the results 
of these regression analyses. As shown in Table  4, the 
adjusted mean group differences for both appropriate 
mind-related comments and non-attuned mind-related 
comments were significant. Compared with their control 
group counterparts, intervention group mothers scored 
significantly higher for appropriate mind-related com-
ments and significantly lower for non-attuned mind-re-
lated comments at age 12 months. The adjusted Cohen's 
d effect sizes for appropriate mind-related comments and 
non-attuned mind-related comments were .61 and −.55 
respectively.

TA B L E  2   Self-reported app usage as a function of group.

BabyMind© Control

Number (%) Number (%)

Rarely or never 9 (13.6) 13 (17.6)

A few times a month 21 (31.8) 33 (44.6)

A few times a week 24 (36.4) 26 (35.1)

Every day 12 (18.2) 2 (2.7)

TA B L E  3   Bivariate correlations between variables at baseline.

1 2 3 4 5 6 7 8 9

1. Maternal age

2. Infant age −.21**

3. Maternal education .67+ −.22**

4. HADS −.05 .11 −.07

5. Self-esteem .10 −.12 −.01 −.38+

6. Perceived social support .28+ −.15 .29+ −.31+ .20*

7. Infant temperament .04 −.04 .09 −.05 .11 .16

8. PRF .45+ −.09 .48+ .09 −.06 .23* .08

9. AMRC .14 .08 .15 −.01 .14 .09 .12 .16

10. NAMRC −.05 −.04 −.01 −.16* .06 −.10 −.07 −.14 .09

Abbreviations: AMRC, appropriate mind-related comments (%); HADS, Hospital Anxiety and Depression Scale; NAMRC, non-attuned mind-related comments 
(%); PRF, parental reflective functioning.

*p < .05; **p < .01; +p < .001.
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The change over time in the two mind-mindedness in-
dices for the intervention and control groups is shown in 
Figures 2 and 3, and was tested using paired samples t 
tests. This analysis used observed data. In the interven-
tion group, there was a significant increase in appropri-
ate mind-related comments, t(65) = 2.41, p = .019, d = .30, 

95% CI .05, .54, and a significant decrease in non-at-
tuned mind-related comments, t(65) = 5.59, p < .001, 
d = −.69, 95% CI −.44, −.93. In the control group, both 
indices showed significant decreases over time: for ap-
propriate mind-related comments t(73) = 3.12, p = .003, 
d = −.36, 95% CI −.13, −.59; for non-attuned comments, 
t(73) = 3.21, p = .002, d = −.37, 95% CI −.14, −.60.

Sensitivity analyses

Missing data

The sensitivity of the primary outcome analyses to miss-
ing data was assessed. Baseline characteristics of partici-
pants who did and did not provide follow-up data were 
compared using non-parametric tests (Mann–Whitney 
U test for continuous variables and Fisher's Exact Test 
for categorical variables). Statistically significant differ-
ences were found for PRF (p = .039), infant temperament 
(p = .031), and maternal education (p = .030), with moth-
ers who provided follow-up data scoring more highly for 
PRF and educational level, and having infants with more 
difficult temperaments.

Missing values of baseline covariates were replaced 
with the mean value; missing data for the other vari-
ables was imputed using multiple imputation by chained 
equations (White et al., 2011). The imputation model for 
each primary outcome included the variables used in the 
adjusted primary analyses (PRF, baseline percentage of 
appropriate comments, baseline percentage of non-at-
tuned comments, and treatment allocation), along with 
baseline variables thought a priori to be predictive of 
missingness (maternal age, infant age, highest level of 
maternal education, number of children, HADS, self-es-
teem, perceived social support, and infant temperament).

One hundred imputed datasets were generated in 
order to aid reproducibility of the missing data anal-
yses. Each imputed dataset was analyzed using a t 
test, and the estimates obtained were combined using 
Rubin's rules (White et al., 2011). Each imputed dataset 
was also analyzed using linear regression, adjusting for 
PRF, baseline percentage of appropriate comments, 
and baseline percentage of non-attuned comments 

TA B L E  4   Results of the analyses testing the efficacy of the BabyMind© app on the primary outcomes at age 12 months follow-up.

AMRC 12 months NAMRC 12 months

B SE 95% CI p Value B SE 95% CI p Value

Group 1.99 .54 0.91, 3.07 <.001 −0.89 .30 −1.49, −0.29 .004

PRF −0.02 .21 −0.44, 0.39 .910 0.03 .12 −0.20, 0.26 .766

Baseline AMRC 0.47 .11 0.26, 0.69 <.001 −0.05 .06 −0.17, 0.07 .374

Baseline NAMRC 0.31 .14 0.03, 0.59 .029 0.24 .08 0.09, 0.40 .003

F(4, 108) = 9.09, p < .001, R2 = .25 F(4, 108) = 4.37, p = .003, R2 = .14

Note: Included in the model n = 113; Reference category = Control.

Abbreviations: AMRC, appropriate mind-related comments (%); NAMRC, non-attuned mind-related comments (%); PRF, parental reflective functioning.

F I G U R E  2   Mean value of the percentage of appropriate mind-
related comments at the 6-month (baseline) and 12-month phases 
as a function of group. The error bars represent 95% confidence 
intervals.

F I G U R E  3   Mean value of the percentage of non-attuned mind-
related comments at the 6-month (baseline) and 12-month phases 
as a function of group. The error bars represent 95% confidence 
intervals.
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as fixed effects, with estimates also combined using 
Rubin's rules.

The sensitivity analyses did not affect the interpre-
tation of the results. The unadjusted mean difference 
obtained using multiple imputation by chained equa-
tions for appropriate mind-related comments was 1.46, 
95% CI 0.36, 2.57, p = .010, and the adjusted mean dif-
ference was 1.91, 95% CI 0.82, 3.01, p = .001. For non-at-
tuned mind-related comments, the unadjusted mean 
difference was −0.60, 95% CI −.04, −1.15, p = .036, and 
the adjusted mean difference was −0.87, 95% CI −.26, 
−1.48, p = .005.

Adherence

A complier-average-causal-effect (CACE) analysis was 
carried out (Hernán & Robins, 2020; Hewitt et al., 2006) 
in order to estimate the treatment effect for those par-
ticipants who would adhere to the BabyMind© app 
intervention if offered it. The CACE analysis was car-
ried out using a two-stage least squares instrumental 
variable regression model. The instrumental variable 
was treatment allocation, with adherence being the 
endogenous variable, and PRF, baseline percentage of 
appropriate mind-related comments, and baseline per-
centage of non-attuned mind-related comments being 
the exogenous variables. A participant was classed as 
adhering to the intervention if they reported using the 
app either a few times a week or every day. The results 
of the CACE analysis estimated the treatment effect 
in adherers to be 3.75, 95% CI 1.72, 5.79, p < .001, for 
appropriate mind-related comments, and −1.68, 95% 
CI −.55, −2.82, p = .004, for non-attuned mind-related 
comments.

Does PRF moderate the efficacy of the 
intervention?

To investigate whether PRF moderated the efficacy 
of the intervention, an exploratory analysis was car-
ried out for each mind-mindedness index via the addi-
tion of an interaction term between PRF and treatment 
group to the linear regression equation described above 
(Brankovic et al., 2019). This model was then compared 
to the primary analysis model using a likelihood ratio 
test. There was no evidence of an interaction between 
treatment group and PRF for either appropriate mind-
related comments (p = .971) or non-attuned mind-related 
comments (p = .915).

DISCUSSION

The main aim of the study reported here was to in-
vestigate whether the BabyMind© smartphone app 

was effective in facilitating mind-mindedness when 
evaluated using a rigorous randomized controlled trial 
design. Adjusting for baseline PRF, appropriate mind-
related comments, and non-attuned mind-related 
comments, mothers who had received the app scored 
more highly than their control group counterparts 
for appropriate mind-related comments and achieved 
lower scores for non-attuned mind-related comments 
at follow-up (age 12 months). The effect sizes for the 
impact of the intervention on both indices of mind-
mindedness were medium to large (ds of .61 and −.55 
for appropriate and non-attuned comments respec-
tively). Given that mind-mindedness is characterized 
in terms of tending to comment appropriately on the 
infant's internal states while avoiding comments that 
misinterpret the infant's thoughts and feelings, these 
findings suggest that mind-mindedness can be success-
fully facilitated using the app. With regard to change 
over time, the results supported the hypothesized in-
crease in appropriate mind-related comments specifi-
cally in the mothers who had received the BabyMind© 
app. In contrast, there was a decrease in appropriate 
comments from 6 to 12 months in mothers who had re-
ceived the control app. In line with our proposal that 
non-attuned comments should decline over time be-
cause infants' internal states become more transparent 
by the end of the first year of life, both groups showed 
a decrease in non-attuned comments. However, the 
decrease was more marked in the intervention group, 
suggesting that the app effected an additional decrease 
in non-attuned comments over and above the expected 
natural decline by age 12 months.

To evaluate whether missing data had influenced the 
results of the trial, sensitivity analyses were conducted 
using multiple imputation, with the imputation model 
additionally including the demographic and mental 
health control variables, and infant temperament. The 
sensitivity analyses indicated that the BabyMind© 
app was more effective than the active control in rela-
tion to both appropriate and non-attuned comments 
when missing data were taken into account. We also 
conducted a formal analysis to establish the treatment 
effect of the BabyMind© app specifically in partici-
pants who would adhere to the intervention if offered 
it. This analysis indicated a significant treatment effect 
in adherers, resulting in higher levels of appropriate 
mind-related comments and lower levels of non-at-
tuned comments.

Finally, we explored whether mothers' PRF at base-
line moderated the efficacy of the BabyMind© app in 
facilitating mind-mindedness. The analyses indicated 
that PRF did not moderate the app's efficacy in rela-
tion to either appropriate or non-attuned mind-related 
comments; including the interaction term between PRF 
and treatment group did not result in significant im-
provements to the models. These findings indicate that 
caregivers' tendency to show high levels of reflective 
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functioning when discussing their child, themselves as 
parents, and the parent–child relationship during an in-
terview does not make them more receptive to an inter-
vention that aims to facilitate their engagement with and 
reflection on their infants' thoughts and feelings.

Bakermans-Kranenburg et  al.'s  (2003) meta-analysis 
provides useful data for gauging the effectiveness of our 
intervention in the broader context of parenting inter-
ventions. This meta-analysis investigated the effect of 
interventions that focused (a) specifically on facilitating 
caregiver sensitivity, (b) provided caregivers with social 
support and practical advice, (c) facilitated caregivers' 
construction of more optimal representations of them-
selves in the caregiver–child relationship, or (d) involved 
a combination of these approaches (e.g., sensitivity and 
support). Interventions that focused on sensitivity only 
were reported to be more effective in facilitating sensi-
tive caregiving (d = .45) than all of the other types of in-
tervention (d = .27). The meta-analytic data also showed 
that interventions starting when infants were older 
(d = .44) were more effective than those beginning in the 
first 6 months of life (d = .28). This study also tested the 
effectiveness of a small number of interventions that 
did not involve personal contact; the effect size for the 
four studies in this category was d = .62. Together with 
the findings of the present study, these results suggest 
that effective intervention can be delivered without in-
curring the substantial costs associated with face-to-face 
procedures.

It is also informative to compare the results of the pres-
ent study with those of Larkin et al. (2019), who evaluated 
the efficacy of the BabyMind© app in a separate sample 
of mothers who began using the app from birth and were 
followed up when their infants were age 6 months. In 
this previous study, the average mind-mindedness scores 
for mothers who had received the app intervention were 
8.94% for appropriate mind-related comments and 0.77% 
for non-attuned comments. These figures can be com-
pared with those of the intervention group in the present 
study at follow-up: 4.78% for appropriate comments and 
1.01% for non-attuned comments. Thus, while the pres-
ent randomized controlled trial demonstrated that the 
app was effective in facilitating mind-mindedness, the 
mothers who had received the intervention in the pres-
ent study appear to be less mind-minded, particularly in 
terms of appropriate mind-related comments, than those 
in Larkin et al.'s previous study.

One obvious difference between the two studies is the 
age at which mind-mindedness was assessed, which may 
account for the observed differences. Recall that the con-
trol group in the present study showed a decline in ap-
propriate mind-related comments from 6 to 12 months. 
The BabyMind© app appeared to reverse this decline. A 
previous study also reported a decrease in mothers' ap-
propriate mind-related comments over a somewhat lon-
ger period, from 7 to 19 months (McMahon et al., 2016). 
The greater agency shown by older infants in terms of 

their linguistic and motor abilities may thus mean that 
mothers increasingly tend not to comment in either ap-
propriate or non-attuned ways on what their infants are 
thinking or feeling because of the greater transparency 
of infants' internal states. The observational indices of 
appropriate and non-attuned comments have therefore 
been proposed to be less valid measures of mind-minded-
ness once infants have acquired these abilities (Fishburn 
et al., 2022). Indeed, the mind-mindedness coding man-
ual (Meins & Fernyhough, 2015) recommends using the 
observational procedure specifically in the first year of 
life.

An alternative possibility for the difference across 
the two studies is that the app is more effective the ear-
lier in the infant's life it is administered, in contrast to 
Bakermans-Kranenburg et al.'s (2003) findings on other 
parenting interventions. Young infants' states are diffi-
cult to read, and by providing new mothers with psycho-
education and prompts to consider the world from the 
infant's point of view at a time when they may be strug-
gling to know how to approach caregiving, the app may 
be particularly effective in scaffolding mind-minded 
interaction. Future research should thus investigate 
whether early intervention with the BabyMind© app 
is more effective than later intervention. This research 
could also explore whether any such benefits of early 
intervention are more likely to be maintained over the 
course of infancy.

While our results provide robust evidence for 
the efficacy of the BabyMind© app in facilitating 
mind-mindedness, it is important recognize the pres-
ent study's limitations. Our participants varied in 
terms of socioeconomic status and maternal age, but 
the vast majority were in a relationship with the baby's 
father, and our sample was overwhelmingly White, re-
flecting the ethnicity of the locality from which they 
were recruited. There is long-standing research high-
lighting how parenting practices and views on parent-
ing vary in parents from different cultural and ethnic 
backgrounds (e.g., Choi et al., 2013; Ispa et al., 2004), 
and research is beginning to address cultural and eth-
nic differences in parental mentalization. For exam-
ple, Dai et  al.  (2019) investigated mind-mindedness 
in Australian and Chinese mothers and reported that 
Australian mothers made more appropriate mind-re-
lated comments and fewer non-attuned comments 
than their Chinese counterparts. Research on South 
Korean mothers has shown that they report high lev-
els of certainty about their infants' internal states (Lee 
et al., 2021). Investigating whether the BabyMind© app 
is equally effective in facilitating mind-mindedness in 
different cultural and ethnic groups is therefore a fruit-
ful avenue for future research. It would also be interest-
ing to investigate whether the app effectively facilitates 
mind-mindedness in fathers, single parents, and other 
caregivers. A further limitation of the present study is 
the fact that mothers in the intervention group were 
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more likely to adhere to the protocol than were their 
control group counterparts. While this suggests that 
mothers found the BabyMind© app engaging, it does 
raise the possibility that the intervention was effec-
tive partly because mothers in the intervention group 
adhered more to the procedure. That said, the CACE 
analysis estimated the treatment effect for those par-
ticipants who would adhere to the BabyMind© app in-
tervention if offered it.

As well as investigating the efficacy of the BabyMind© 
app in more diverse populations, future research could 
investigate whether the app is effective in facilitating 
mind-mindedness across more varied types of interac-
tion. Mind-mindedness is typically assessed from free-
play caregiver–infant interactions rather than in more 
challenging contexts that may involve conflict between 
the caregiver and child or infant distress. An exception is 
a study by Miller et al. (2019) who measured mind-mind-
edness during a snack observation, in which the parent 
had to feed the infant and wash their face and hands. It 
would be interesting to explore whether parents who have 
received the app intervention are more mind-minded 
during everyday caregiving activities such as feeding, 
changing, getting the child ready to go out, and so on. 
Knowing about the infant's desires, interests, and pref-
erences in these contexts may be critical in enabling the 
caregiver successfully to negotiate difficult situations.

Previous research has demonstrated the efficacy of an 
individualized video-feedback intervention in facilitat-
ing mind-mindedness in mothers hospitalized due to se-
vere mental illness (Schacht et al., 2017). Future research 
could explore whether the BabyMind© app is effective in 
facilitating mind-mindedness in mothers diagnosed with 
severe mental illness. It would also be useful to investi-
gate the app's efficacy in mothers in the community with 
less severe levels of perinatal mental illness. The fact that 
the app intervention involves regular interaction with 
mothers without the need for in-person appointments or 
home visits could make the app a useful clinical tool to 
supplement services offered to parents in the perinatal 
period.

Mind-mindedness is known to predict a wide range 
of positive aspects of children's development (Aldrich 
et al., 2021; McMahon & Bernier, 2017). It is therefore im-
portant for future research to establish whether admin-
istration of the BabyMind© app can effect improvement 
in core developmental outcomes. It may be that differ-
ences between our intervention and control groups will 
be observed with respect to aspects of child development 
that are known to be predicted by early mind-minded-
ness (e.g., behavioral regulation, theory of mind). We are 
currently following up this sample of families to explore 
this question.

As well as trialing the efficacy of the BabyMind© app, 
the present study also provides data on how the two pa-
rental mentalization constructs—mind-mindedness and 
PRF—relate to one another. When the two constructs 

were assessed concurrently at age 6 months, PRF was 
unrelated to both indices of mind-mindedness (appropri-
ate and non-attuned mind-related comments), with small 
effect sizes for these correlations. These results replicate 
the null associations between mind-mindedness and 
PRF reported recently by Dollberg (2022). This lack of 
association between mind-mindedness and PRF is inter-
esting, since it suggests that, although both constructs 
fall under the umbrella term parental mentalization, they 
are empirically distinct aspects of caregivers' represen-
tations of their infants' minds. Mind-mindedness is a 
construct at the interface between caregivers' representa-
tions of their infants' internal states and infant–caregiver 
behavior. While the ability to engage with and reflect on 
the infant's thoughts and feelings—an ability likely to be 
equivalent to PRF—is necessary for being mind-minded, 
our results indicate that this capacity is not sufficient for 
the caregiver to demonstrate mind-mindedness when 
interacting with their infant. These null results mirror 
the pattern of findings reported for the relation between 
parents' theory of mind abilities and their mind-minded-
ness in relation to their child (Barreto et al., 2016; Devine 
& Hughes,  2019) and suggest that mind-mindedness 
cannot be reduced to caregivers' underlying mentalizing 
abilities.

In summary, the results of the present study indicate 
that it is possible to facilitate mind-mindedness remotely 
via a smartphone app. Our use of a randomized con-
trolled trial, involving an active control condition that 
was closely matched to the intervention, with sensitivity 
analyses accounting for missing data, provides assurance 
that our results are robust. The fact that BabyMind© 
delivers an effective intervention without the need for 
face-to-face sessions is noteworthy, particularly given 
problems in accessing services and support as a result 
of the COVID-19 pandemic. Future research should 
thus explore the feasibility of delivering BabyMind© as 
part of standard practice in maternity and early years 
services. Investigating whether BabyMind© is effective 
in facilitating mind-mindedness in more diverse groups 
of caregivers—and whether this intervention has a sus-
tained positive impact on children's development—are 
interesting avenues for future research.
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