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Abstract 

Background and Objectives: The current study compared mental time traveling in a group of first-

time pregnant women with that in a group of non-pregnant women. We predicted that specificity of 

birth-related events would be negatively associated with psychological distress.   

Methods: Fifty-nine pregnant women and 59 controls were assessed twice. Pregnant women were 

assessed before (Time 1) and after (Time 2) childbirth, controls before and after an identical time 

period. Time travelling was evaluated under two different conditions, where participants generated 

memories and future predictions in response to neutral words. 

Results: No significant changes in psychological distress were observed over time. At Time 1, 

pregnant women were more likely to mentally travel to the future, and in general traveled further 

away from the present. Overall, they generated fewer specific events, which in turn was associated 

with less worry. The number of birth-related events was negatively associated with worry and 

positively with positive affect, whereas the number of specific birth-related events was negatively 

associated with positive affect, and positively associated with both symptoms of psychological 

distress, negative affect, and worry.  

Limitations: The potential negative effect of specificity should be replicated in future studies, in 

longitudinal studies or experimentally, in order to address causal relations. 

Conclusions: Pregnancy involves alterations in mental time travel, and specificity in events, 

recalled or imagined, was associated with more worry within the pregnant group, indicative of a 

detrimental effect. This goes counter to many previous studies assigning a positive role of 

specificity and warrants further exploration. 

 

Keywords: pregnancy; childbirth; autobiographical memory; specificity; distress  
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Highlights 

- Pregnancy involves alterations in mental time travel 

- Pregnant women remembered more remote events 

- Specificity in events was associated worrying within the pregnant women 
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1. Introduction 

Becoming a parent for the first time is a life-altering event. Large-scale studies have detected a rate 

of elevated postpartum depressive symptomatology in up to 20% of mothers, despite large between-

study variation, likely reflecting differences in methodology and sampling strategies, such as the 

extent to which high-risk groups are included (Gavin et al., 2005; Goodman, 2004; Lanes, Kuk, & 

Tamim, 2011). Posttraumatic stress disorder (PTSD) is also prevalent postpartum, ranging from 4% 

in community samples to 19% in high-risk groups (Yildiz, Ayers, & Phillips, 2017). One important 

risk factor of emotional problems postpartum may be pre-natal emotional distress (e.g., Ayers & 

Delicate, 2016; Beck, 2001; Nielsen Forman, Videbech, Hedegaard, Dalby Salvig, & Secher, 2000).  

Overgeneral memory, that is, reduced specificity in the events remembered, has been 

consistently linked to a range of emotional disorders, including depression, PTSD, borderline 

personality disorder, and schizophrenia (for reviews, see Berna et al., 2016; McNally & Robinaugh, 

2015; Van den Broeck, Claes, Pieters, Hermans, & Raes, 2015; Watkins, 2015). In addition, 

correlations have been observed between overgeneral memory frequency and level of depressive 

symptoms in non-clinical participants (Johannessen & Berntsen, 2009). Three factors may be 

responsible for the link, including the engagement of perseverative negative thinking such as worry 

and rumination, where the individual’s retrieval process concerns self-relevant information, 

triggering a conceptual processing mode, passive avoidance strategies, resulting in termination of 

the retrieval process, and finally, poor executive control, in which case the retrieval process may be 

characterized by reduced effort, initiative or resources (see the CaRFAX model, Sumner, 2012; 

Watkins, 2015; Williams, 2006). Within the context of pregnancy specifically, Croll and Bryant 

(2000) investigated specificity in already depressed mothers and found that, compared to non-

depressed mothers, mothers with postnatal depression retrieved fewer specific memories in 

response to positive and negative words. This was true both for parent-related and non-parent 
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memories. Longitudinally, Mackinger and colleagues (2000) investigated the predictive value of 

specificity of autobiographical memories in terms of explaining changes in depressed mood 

following childbirth. Fifty-nine women were asked to generate a memory, dated before the age of 

18, in response to three positive and three negative cue words. The number of non-specific 

memories generated in response to negative cue words significantly predicted an increase in 

depressed mood from pre to postpartum. In another study, Hipwell and colleagues (2004) followed 

94 women with non-problematic pregnancies and found that, controlling for prepartum depression, 

prenatal lack of specificity was not associated with low mood in the initial weeks following child 

birth, but did predict low mood after 8 weeks. Finally, in a study by Hauer and colleagues (2009), 

54 women, recently hospitalized for pregnancy complications, generated 10 memories in response 

to five positive and five negative cue words. These women were evaluated in terms of 

psychological distress (i.e., depression and PTSD symptoms) immediately following their 

hospitalization and again six weeks postpartum. Specificity of the generated autobiographical 

memories was negatively correlated with psychological distress prepartum. Moreover, this was the 

only study categorizing the memories as related to the pregnancy or not, finding that women  

retrieving fewer specific memories with a pregnancy- or birth-related content reported more post-

traumatic stress postpartum. 

Taken together, prepartum specificity in memory retrieval may be implicated in 

adjustment following child birth. While two studies specifically looked at memories related to 

parenthood (Croll & Bryant, 2000) or pregnancy (Hauer et al., 2009) in complicated pregnancies or 

parenthood, the other two did not code for pregnancy- or birth-related content and investigated non-

complicated pregnancies. Thus, it remains a question if the detrimental effects of lack of specificity 

will also be found in non-complicated pregnancies, and if the effect is to be attributed to specificity 

in pregnancy- or birth-related events. Also, none of the previous studies specifically analyzed the 
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temporal distance of the past events, although specificity of autobiographical memories is reduced 

with temporal distance (e.g., Berntsen & Hall, 2004). Moreover, previous studies addressed 

memory retrieval, which concerns time travel into the past. However, time travel into the future, 

especially within the context of expecting a child appears highly relevant. One study found that 

expecting women do have frequent spontaneous future projections of the upcoming childbirth, 

characterized by a detail richness and the activation of a variety of sensory modalities (Favrod, 

Holmes, Vial, Morisod Harari, & Horsch, 2018). The specificity of these future projections and its 

association with emotional distress remains to be investigated. 

In addition to the characteristics of events retrieved or generated through mental time 

travel, content is another factor to consider. Preparation for an upcoming, important event, such as 

child birth may manifest as a powerful current concern (Klinger, 1978). Studies on current concerns 

and mental time travel (e.g., Cole & Berntsen, 2016; Klinger, 2013) have shown that the way we 

travel into our past and future is intimately linked to our current concerns. For instance, when 

committed to weight loss, memories generated in response to diet-related words are seen as more 

central to one’s identity (Johannessen & Berntsen, 2009); when asked to dream about a specific 

topic, this happens more often when the topic is related to a current goal (Nikles, Brecht, Klinger, & 

Bursell, 1998); and cuing participants with stimuli related to their personal goals facilitates access 

to episodic details during the imagination of future events (D’Argembeau & Mathy, 2011). Birth, in 

this regard is a special goal, supported by a multitude of bodily changes during pregnancy and is, in 

that respect, ever present. Thus, one would expect pregnant women to be pre-occupied with birth-

related material when traveling into their personal past and future. Moreover, there is a lot of 

uncertainty associated with becoming a parent for the first time and many women are fearful of 

child birth. For instance, the majority of pregnant women expresses worries and fears in relation to 

their pregnancy or upcoming childbirth (Melender, 2002), which for many reach a point of clinical 
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relevance (Rondung, Thomtén, & Sundin, 2016). In this regard, one would expect specificity of 

birth-related events to be indicative of less avoidance and better coping with the uncertain situation 

and thus associated with less psychological distress. 

 The current study investigated mental time travel in a group of first-time pregnant 

women and compared them to a group of non-pregnant women. Psychological distress and well-

being were evaluated before and after childbirth in the pregnant women, and before and after an 

identical time period in the controls. At baseline, we hypothesized that pregnant women would be 

more oriented towards future events, evidenced as a greater production of future projections than 

controls in response to neutral cue words. We also hypothesized that pregnant women would 

generate more birth-related events in response to neutral cue words, indicative of pregnancy being a 

current concern. We furthermore predicted that specificity of birth-related events would be 

positively associated with emotional well-being, as specificity may work against avoidant, negative 

preservative thinking, and since positive correlations have been found between level of depressive 

symptoms and non-specific (overgeneral) memories, also in non-clinical populations (Johannessen 

& Berntsen, 2009). In addition, we had an exploratory aim of investigating group differences in the 

characteristics of past and future events generated by the two groups of women, including the 

temporal distance to the present of the generated events. Finally, since the pregnant women were 

not sampled based on elevated psychological pre-partum distress, we did not have an a priori 

hypothesis regarding change over time in psychological distress. However, we wanted to explore 

predictors (i.e., specificity and content) of such potential change.  

2. Methods 

2.1 Participants and procedures 

Fifty-nine pregnant women were recruited from three different sites; two sites providing 

childbirth classes (N=7) and a midwife consultation clinic providing routine checkups for pregnant 
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women (N=52). Pregnant women had to be in their first-time pregnancy (i.e., no previous self-

reported miscarriages or abortions), more than 23 weeks along, and proficient in the Danish 

language. Included pregnant women were all around their third trimester, and on average 29.9 

weeks along (SD=2.3).   

Control participants were recruited through a database of volunteers that had signed up for 

participation in scientific studies. Control participants were required to be of female sex, neither 

been pregnant nor currently planning a pregnancy, and were matched on education to the pregnant 

women. Participants were not matched on age in order to avoid a selection bias, for instance by 

selecting control participants that were not interested in ever having children, who would be likely 

to differ from the pregnant women on several dimensions unrelated to pregnancy. Control 

participants (M=24.3, SD=2.2) were on average four years younger than the pregnant women 

(M=28.3, SD=4.8), t(82.1)=5.8, p < .001. 

The study was approved by the local committee for research ethics and all participants 

received written information about the study and consented to participation. All participants were 

compensated with two movie tickets at time 1 (app. 25 USD) and a gift card at time 2 (app. 15 

USD).     

2.2 Procedure 

Participants were asked to fill out questionnaires twice with six months in between. For the 

pregnant women, Time 1 was approximately 3 months before the due date, and Time 2 was three 

months following the expected date of birth. All questionnaires were completed with pen and paper 

at home, at the site of the childbirth class or at the university according to the participants’ preference. 

Time travelling was evaluated at Time 1 only. It was evaluated in two different ways, one where the 

participants were free to travel either into their personal past or future (FREE) or where they were 
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specifically asked to generate a memory or a future prediction (FORCED). See below. All participants 

took part in both conditions. 

2.3 Materials 

2.3.1 Measures of psychological distress 

The measures described below were administered at time 1 and time 2, and the reported Cronbach’s 

α values refer to these to time points. 

Symptoms of psychological distress were assessed by the Hospital Anxiety and Depression 

Scale (Bjelland, Dahl, Haug, & Neckelmann, 2002; Zigmond & Snaith, 1983). This scale is 

particularly suitable for the assessment of symptoms of anxiety and depression in the presence of a 

physical condition (e.g., pregnancy) as the items do not concern physical symptoms. A total score has 

been considered a measure of general psychological distress (cf. Cosco, Doyle, Ward, & McGee, 

2012; Norton, Cosco, Doyle, Done, & Sacker, 2013). In this study, the scale obtained a Cronbach’s 

α of .84/.85. 

Self-referentiality was addressed both as worry and rumination. Worry was assessed with the 

16-item Penn State Worry Questionnaire (Meyer, Miller, Metzger, & Borkovec, 1990). In this study, 

the scale obtained a Cronbach’s α of .89/.89. Rumination was assessed with the 5-item brooding 

subscale of the Ruminative Responses Scale (Treynor, Gonzalez, & Nolen-Hoeksema, 2003). In this 

study, the scale obtained a Cronbach’s α of .70/.76. 

Affect was assessed with the Positive and Negative Affect Schedule ( Watson, Clark, & 

Tellegen, 1988), where both positive and negative affect are evaluated with 10 items each. In this 

study, the positive affect scale obtained a Cronbach’s α of .84/.85, the negative affect scale a 

Cronbach’s α of .83/.89. 

PTSD symptoms were addressed both within the context of a past and future event. PTSD 

symptoms associated with a past event was assessed with the PTSD self-report 20-item checklist 
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(PCL-5; Weathers, Litz, Herman, Huska, & Keane, 1993). The scale obtained a Cronbach’s α of 

.92/.91 in this study. PTSD symptoms associated with a future event was assessed with the Pre-

traumatic Stress Disorder Checklist (Pre-CL-5) (Berntsen & Rubin, 2015), which consists of the same 

items as the PCL, but where items referring to remembering and reliving past events are reworded to 

fit imagined future events. The scale obtained a Cronbach’s α of .92/.95 in this study. 

2.3.2 Characteristics of memories and future predictions  

In the FREE condition, participants were presented with eight words, at face-value considered 

to be neutral to potential birth-related distress. The words were pencil, frog, fire, tree, candy, party, 

money, and butter, presented in a counterbalanced fashion thereby controlling for an order effect. 

Participants were asked to generate either a specific memory or a specific future prediction in 

response to each of the words.  ‘Specific’ was identified as an event taking place within the timeframe 

of 24 hours. Upon generation of a memory or a future prediction, participants were asked to indicate 

type of event (i.e., past or future) and age in the event. 

In the FORCED condition, participants were presented with a new set of eight words, also 

considered at face-value to be neutral to potential birth-related distress. These words were matched 

on length (number of letters) and usage frequency (according to frequency dictionary; Bergenholtz, 

1992) in the Danish language to the words in the FREE condition. The words included hammer, wine, 

horse, car, chair, dress, paper, and friend. Participants were asked to generate four past events and 

four future events in a counterbalanced order and to indicate their age at the time for the event.  

Specificity was coded in all memories and future projections by two independent raters. An 

event was categorized as specific if it included an event that happened, or had most likely happened, 

within a 24-hour period (cf. Williams et al., 2007), otherwise it was coded as non-specific. A research 

assistant trained in identifying specificity and content, and blind to participant status, coded all events. 

The first author independently, and blind to both the other ratings and participant status, coded 25% 
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of the events (N=236). The agreement between the two raters regarding specificity was excellent 

(Cohen’s kappa=.92).   

In the FORCED condition only, the following properties were evaluated: The presence of birth-

related content was evaluated by asking participants to nominate an important event expected to take 

place within the next six months. For this nomination, and in order to avoid bias, the pregnant and 

the control participants were given the same list of events (i.e., test in school, moving, birth, trip, new 

job, others death) but were free to nominate a different event. Then they were asked, for each of the 

eight events, to evaluate if it was related to the upcoming event nominated. When the pregnant women 

nominated birth as the important event, and indicated that the specific event retrieved or generated 

was associated with that event, the memory or future prediction was categorized as a ‘birth-related 

event’. Thus, this categorization was based on participants’ own evaluation of the content. 

Autobiographical memory properties were assessed with eight self-report questions regarding the 

participants’ experience when being asked to deliberately recall or imagine the event. The items were 

modified from Rubin, Schrauf, and Greenberg (2003) and Berntsen and Rubin (2006), and were all 

rated on a 7-point scale. See Table 1. Questions were modified to fit a future context for the future 

projections. Centrality of the remembered or imagined event was assessed with the 7-item Centrality 

of Event Scale (CES; Berntsen & Rubin, 2006), a self-report questionnaire assessing how central an 

event is to a person’s identity and life story. Cronbach’s alphas obtained for memories ranged from 

.94 to .96 and for future projections ranged from .94 to .95. Current traumatic impact of the recorded 

memories was measured by nine items of the PTSD self-report checklist (PCL-5; Weathers et al., 

1993) that are event specific and therefor meaningfully could be asked for each of the memories (e.g., 

O’Toole, Watson, Rosenberg, & Berntsen, 2016). Similarly, the expected traumatic impact of the 

imagined future events was measured by the Pretraumatic Stress Reactions Checklist (PreCL-5; 

Berntsen & Rubin, 2015), consisting of the same nine items adjusted to the context of future events 
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(see Berntsen & Rubin, 2015, for the rationale underlying this measure). These items concerned 

reliving/intrusion (intrusive recollection, flashbacks, distressing dreams, and physical reactions to 

reminders of event), avoidance (avoidance of thought and reminders), problems recalling/predicting 

parts of the event and self-blame. Items were modified to address the individual events (e.g., Think 

about the memory you just recalled and note to what extent you have had the following problems the 

past month: “Repeated, disturbing, and unwanted memories of the event”). Cronbach’s alphas 

obtained for the past traumatic impact ranged from .71 to .93 and for future traumatic impact ranged 

from .70 to.87. Finally, participants were asked to indicate their age at time of the event.  

2.3 Analytic strategy 

For the research questions concerning the development over time in psychological distress, we 

employed a 2 x 2 Repeated Measures ANOVA. The between subjects factor was labelled group 

(pregnant women vs. controls). The repeated measures factor had two levels; Time 1 and Time 2. For 

the research questions concerning baseline differences (i.e., Time 1), the study also employed a 2 x 2 

Repeated Measures ANOVA, where type of event (past vs. future) was the repeated factor. Effect 

sizes were expressed in partial eta square (ηp
2) and a value of .01, .06, and .13 was considered a small, 

medium, and large effect, respectively (Cohen, 1988). Significant interaction terms were explored 

with dependent samples t-tests. Mixed models were used for follow-up tests addressing characteristics 

of specific versus non-specific events. All analyses were performed in IBM SPSS version 24. 

 

3. Results 

3.1 Baseline characteristics and changes over time 

At baseline, the two groups did not differ on any of the measures of psychological distress (ps 

> .3, see Table 2). Of the 59 pregnant women included at Time 1, 34 (58%) completed the 

questionnaire at Time 2, this number was 49 for the control participants (83%). A post-hoc power 
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analysis revealed that this number of completers would allow for a detection of a small to medium 

effect size of the interaction term analyzed with repeated measures ANOVAs (Cohen’s d = 0.4 or 

ηp
2 = .06) with alpha = .05 and beta = .05, thus exceeding the suggested cut-off for a minimally 

important difference (d = 0.5, Norman, Sloan, & Wyrwich, 2003).  

Examining group-differences (i.e., completer vs. non-completer) on baseline characteristics 

(i.e., HADS, PANAS, PCL-5, PreCL-5, PSWQ, RRS), it was revealed that participants with higher 

scores of general psychological distress (i.e., HADS), were more likely to complete Time 2 

(p=.013). The same was true for participants with higher scores on negative affect (i.e., PANAS; 

p=.030).  

Looking at changes in measures of psychological distress over time, no significant time * 

group interactions were detected. See Table 2. Pearson correlations between Time 1 and Time 2 

score ranged from .52 (i.e., positive affect; PANAS) to .81 (worry; PSWQ), indicative of some 

stability in measures over time. Due to both the stability over time and high correlations between 

Time 1 and Time 2 scores on the different measures of psychological distress, analyses on the 

association between event properties and measures of distress were only performed for Time 1. 

 

3.2 Group differences in the FREE condition 

The two groups differed in choice of time context (i.e., past memories vs. future predictions) 

in their mental time travel, where pregnant women were more likely to travel into the future (p < 

.001). See Table 3. Pregnant women were more likely to travel further into both the past and future 

(p<.001). The significant interaction indicated that the difference was largest for the memories 

(p<.001). Pregnant women also generated fewer specific events (p<.001), more so in terms of 

memories (p<.001) than future events (p=.092). Since the specificity of remembered or imagined 

future events has been found to be a function of distance in years (e.g., Trope & Liberman, 2003), 
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we ran a correlation analysis between the total number of specific events recorded by each 

participant and the average distance from current age to that in her memories or future projections, 

in the whole sample (N=118). The correlation was significant for memories (r=.27, p=.003) but not 

for future projections (r=.07, p=.497). 

The association between number of future projections generated and measures of 

psychological distress and well-being was evaluated within the group of pregnant women (N = 59). 

All correlations were non-significant and of small magnitudes (rs<.12). The total number of specific 

events was positively associated with worry (PSWQ; r=.32, p=.015). This association was not 

detected in the control group (r=.07, p=.640). All other correlations were non-significant and of 

small magnitudes (rs<.10). 

 

3.3 Group differences in the FORCED condition 

There was a between-group difference concerning distance in years from current age, where 

the pregnant women travelled further away from the present (p=.014). See Table 4. This difference 

was furthermore qualified by the only interaction effect detected, showing that the difference 

between groups was largest for past events. The distribution of number of events according to 

distance in years is depicted in Figure 1, where the frequency of recorded memories by retention 

time in years shows a strikingly different pattern in the two groups. This pattern difference was 

further explored. As illustrated by the top panel in Figure 2, the control group shows a pattern that 

resembles a standard forgetting curve, with a decrease in number of reported memories as a 

function of retention time measured in years. Although the picture is somewhat noisy, likely due to 

the relatively few memory records overall, it does show some correspondence with a logarithmic 

function, which is one of the best fitting functions for forgetting rate (Rubin & Wenzel, 1996). This 

fit is far from perfect with 67% of the variance accounted for, but still indicates a clear frequency 
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decline with increasing distance in time. The pregnant group depicted in the bottom panel, on the 

other hand, shows a highly irregular pattern. Instead of a drop with distance in time, a small 

irregular increase is seen, favoring events that took place 11 to 14 years from the present. In 

contrast, an attempt to fit the pregnant group data by a logarithmic function only accounted for 

.08% of the variance, referring to an increase, not a drop, in memory frequency with retention time. 

 

The number of specific events was found to be lower among pregnant women (p<.001), 

which potentially could be explained by the distance from current age to the time of the event (e.g., 

Trope & Liberman, 2003). Investigating this, the correlation obtained for the whole sample (N=118) 

between number of specific events and the average distance from current age to that in the 

memories or future projections (calculated for each participant) was significant for memories 

(r=.24, p=.009) but not for future projections (r=.03, p=.736). 

Finally, group-differences were detected in terms of rehearsal (higher among pregnant 

women; p=.001), involuntary recall (higher among pregnant women; p<.001), centrality (higher 

among pregnant women; p=.043), and perspective (more likely to be seen from first-person 

perspective among pregnant women; p=.010).  

Correlation analyses within the pregnant women (N=59) were employed to explore measures 

on which group-differences were detected, showed that the total number of specific events was 

positively associated with level of psychological distress (HADS; r=.33, p=.011) and worry 

(PSWQ; r=.31, p=.017). These findings did not reflect that specific (M=1.4, SD=0.1) and non-

specific (M=1.7, SD=0.1) events varied in terms of valence within the pregnant women (p=.118). 

Rehearsal was positively correlated with positive affect (r=.29, p=.028), and centrality of event was 

positively correlated with PTSD symptoms related to a past event (r=.27, p=.041). Involuntary 

recall and perspective were not correlated with measures of psychological distress or well-being. 
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3.4 Birth-related Events: Analyses within the Pregnant Group 

Fifty-four of the 59 pregnant women (92%) nominated ‘birth’ as the most important 

upcoming event. None of the control participants nominated this event. Within these pregnant 

women nominating birth as the important event, all memories and future projections were 

categorized as ‘birth-related events’ or ‘non-birth-related events’ corresponding to the participants’ 

own identification as such. Of the women nominating birth as the most important event, the 

proportion of these birth-related events amounted to 2.4 on average (SD=2.0), compared with 5.4 

non-birth-related events (SD=1.9).  

Birth-related events were overall more specific, more central to identity, coming to mind more 

involuntarily, associated with a stronger physical reaction, and more likely to be seen from the first-

person perspective. There were no significant differences concerning the other properties, although 

a trend-wise difference was detected for both valence and intensity, both higher in birth-related 

memories. There were no significant interactions between type of event (birth-related vs. non-birth-

related) and time (memory vs. future). See Table 5. 

 

Correlation analyses revealed a significant association between the total number of birth-

related events and both worry (r=-.28, p=.041) and positive affect (r=.29, p=.035) at baseline. The 

number of specific baby events was on average 4.3 (SD=1.7), whereas the mean number of non-

specific baby events was 3.7 (SD=1.7). The number of specific birth-related events was negatively 

associated with positive affect (r=-.37, p=.007), and positively associated with both symptoms of 

psychological distress (r=.34, p=.005), negative affect (r=.29, p=.038), and worry (r=.34, p=.012). 

These findings did not reflect that specific (M=2.1, SD=0.2) and non-specific (M=2.2, SD=0.1) 

birth-related memories and future projections events varied in terms of valence (p=.518). No such 

association was detected for rumination (r=.10, p=.465), PTSD symptoms related to the past (r=.14, 
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p=.319) or future (r=.17, p=.229). Looking at specific birth-related events in the past and future 

separately, associations were in the same direction and of similar magnitude. 

Examining the difference in event properties in specific vs. non-specific birth-related events, 

specific (M=3.8, SD=0.3) birth-related events were associated with a stronger physical reaction than 

non-specific (M=3.0, SD=0.2) events (p=.031), but there was no difference between specific 

(M=5.2, SD=0.3) and non-specific (M=5.0, SD=0.2) birth-related events regarding vividness 

(p=.345). 

4. Discussion 

The objective of the current study was to investigate mental time travel in a group of first-

time pregnant women compared to a group of non-pregnant women. In the FREE condition, 

pregnant women indeed demonstrated a higher orientation towards future events, evidenced as a 

higher proportion of the total options used to travel into the future rather than into their past. Thus, 

our hypothesis was confirmed that pregnant women would be more oriented towards their personal 

future than towards their personal past. 

In both the FREE and FORCED condition, pregnant women travelled further away from the 

present, and more so when retrieving memories. Exploring this difference further, we found that the 

control group showed a pattern that resembles a standard forgetting curve, with a decrease in 

number of reported memories as a function of retention time measured in years (Rubin & Wenzel, 

1996). The pregnant group, on the other hand, showed a highly irregular pattern, indicating that 

pregnancy involves a markedly different way of orienting oneself in relation to one’s past, favoring 

remote events. 

In the FREE condition, pregnant women were more likely to generate less specific events, 

which was replicated in the FORCED condition. Since specificity of retrieved or imagined future 

events has previously been found to be a function of distance in years (e.g., Berntsen & Hall, 2004; 
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Trope & Liberman, 2003), we explored such possible association and found, in both conditions, that 

average distance in years was negatively correlated with the total number of specific memories each 

participant recorded. In terms of psychological distress and well-being, specificity was positively 

associated with psychological distress and worry within the pregnant women in both the FREE and 

FORCED condition, pointing to a potential negative effect of specificity. This result seems 

somewhat contradictive to previous studies, where specificity often has been found to be inversely 

correlated with psychological distress. For instance, lack of autobiographical memory specificity 

has been associated with psychological distress (Sumner, Griffith, & Mineka, 2010; Williams et al., 

2007), also within the context of pregnancy (e.g., Hauer et al., 2009; Hipwell et al., 2004).  

However, in the present study, specificity appeared detrimental for prepartum psychological 

distress.  

The role of specificity was therefore further explored in terms of the content of the events, 

that is, whether the events were birth-related or not. Fifty-four of the 59 pregnant women (92%) 

nominated ‘birth’ as the most important upcoming event. Our hypothesis that pregnant women 

would generate more birth-related events in response to neutral prompts, indicative of pregnancy 

being a current concern was thus confirmed. The total number of birth-related events was associated 

with less psychological distress and more well-being, specifically in terms of less worry and more 

positive affect. However, the number of specific birth-related was negatively associated with 

positive affect and positively associated with both symptoms of psychological distress, negative 

affect, and worry. Thus, thinking about events related to the pregnancy appeared to have an overall 

positive effect, whereas a detrimental effect of the specificity of such events was detected. The 

findings regarding a potential negative effect of specificity, both in the FREE and FORCED 

condition, may thus in part be driven by those events that are related to the pregnancy. These results 

concerning specificity appear to somewhat contradict past findings. Compared to past studies on the 
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role of specificity in emotional disorders, the context of the present study differs in that it took place 

within the context of an upcoming stressful event. Indeed, most women perceive the upcoming birth 

as a stressor. Although most first-time pregnant women experience excitement about the upcoming 

parenthood, nearly 80% of pregnant women express worries and fears in relation to their pregnancy 

and upcoming childbirth (Melender, 2002), and for a large proportion of these women, the fears are 

clinically relevant (Hofberg & Ward, 2003; Rondung et al., 2016; Zar, Wijma, & Wijma, 2001). 

From this perspective, specificity in terms of birth-related events could be taken to reflect a 

sharpened focus on feared scenarios. However, Hauer and colleagues (2009), as opposed to the 

present study, found that women who retrieved fewer specific memories with birth-related content 

reported more distress, although it should be noted that their findings pertain to the development in 

distress (i.e., from pre- to postpartum) and to women with complicated pregnancies. Specificity in 

terms of birth-related events may also reflect efforts of mentally rehearsing specific scenarios in 

order to feel more prepared, where the emotional effect likely varies according to the scenario 

imagined and the resulting feeling of being prepared  (Favrod et al., 2018). Furthermore, with this 

study we do not know when reduced specificity potentially acts as a vulnerability factor in terms of 

distress, which may both be due to the type of pregnancy (e.g., complications) and the woman’s 

history (e.g., past negative stressful life events). This calls for further exploration of the role of 

specificity in terms of mental health in pregnancies, focusing on both the content (i.e., birth-related 

or not) of the events, the pregnancy, and the woman’s history of emotional distress. 

A number of limitations should be highlighted. First, due to both the stability over time and 

high correlations between time 1 and time 2  measures of psychological distress, it did not seem 

meaningful to investigate whether the characteristics of the mental events predicted psychological 

adjustment postpartum. This should be investigated in future studies, specifically sampling pregnant 

women with elevated levels of prepartum psychological distress. Second, due to this stability over 
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time, analyses were based on cross-sectional data at time 1, preventing conclusions regarding 

causality. Third, the definition of a birth-related event was decided based on participants’ 

nomination of ‘birth’ as an important upcoming event, and on their subjective assessments 

indicating that the particular recalled or imagined situation was related to this event. Future studies 

could explicitly inquirw about the upcoming event of giving birth. This would preferably be done 

both in samples fearing childbirth and in samples that do not, in order to investigate if this finding is 

to be attributed to pregnancy as such or rather the context of an upcoming stressful event. Fourth, 

the cue words used to elicit autobiographical events were not piloted in terms of evaluating their 

overall perceived association with birth-related distress. In addition, the words were not matched in 

terms of content between the two conditions (e.g., two food-related words in the FREE condition 

and one in the FORCED). However, the fact that our group effects and other findings replicated 

across the two conditions points to such differences being relatively trivial in the present context. 

Fifth, although the study was powered to detect a clinically relevant change in emotional distress, 

the study was underpowered if this change only occurred in 20% of the pregnant women as 

suggested in the introduction. Finally, control participants were on average four years younger than 

the pregnant women. While this difference did not affect within-group analyses, it may have 

introduced some bias in the between-group analyses. 

5. Conclusions 

Pregnant women were more likely to mentally travel to the future, and in general traveled 

further away from the present, revealing a deviation from a standard forgetting curve. This suggests 

that pregnancy involves alterations in mental time travelling. Thinking about birth-related events was 

associated with positive outcomes. However, specificity of such events was not. This finding goes 

counter to several previous studies assigning a positive role of specificity. Future studies should 

further explore the role of specificity both in pregnant samples and in other samples where a potential 
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upcoming stressful event is expected. Finally, specificity in mental time-travel may contribute to pre-

natal distress, and it should be investigated how this may impact the trajectory of psychopathology 

following child birth.    
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Table 1 

Autobiographical memory questions answered in the FORCED condition only 

1. (Vividness) This memory is vivid (1 = not at all; 7 = to a very high degree) 

2. (Physical reaction) While remembering the event, I feel the particular bodily sensations I felt 

then (1 = not at all; 7 = to a very high degree) 

3. (Valence) The emotions I have when I recall the episode are (-3 = extremely negative; 3 = 

extremely positive) 

4. (Current intensity) The emotions I have when I recall the episode are intense (1 = not at all; 7 = 

to a very high degree) 

5. (Perspective) When I recall the event, I primarily see what happened from a perspective as seen 

through (1 = my own eyes; 7 = an observer’s eyes) 

6. (Voluntary recall) Since it happened, I have deliberately chosen to think back to the event in my 

mind (1 = never; 7 = always) 

7. (Involuntary recall) Since it happened, this memory has popped into my mind by itself, that is 

without me trying to recall it (1 = never; 7 = always) 

8. (Rehearsal) I have talked about the event (1 = never; 7 = always) 
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Table 2.  

Means and standard deviations of measures of psychological distress and well-being and analyses of change over time. 

     Main effects Interaction effect 

 Pregnant women Control women Within-effect (Time) Between-group effect Time x Group 

 Pre Post Pre Post F p ηp
2 F p ηp

2 F p ηp
2 

HADS 9.8 (5.2) 11.1 (5.5) 8.9 (4.6) 10.0 (5.6) .9 .351 .01 1.70 .196 .02 1.1 .294 .01 

PANAS positive 23.9 (6.1) 25.8 (6.1) 25.8 (6.1) 23.8 (6.9) 2.3 .131 .03 .4 .554 <.01 2.7 .102 .03 

PANAS negative 7.5 (5.8) 8.8 (6.5) 7.9 (5.0) 10.6 (7.8) 4.6 .034 .06 .3 .589 <.01 1.9 .177 .02 

PCL pre 32.2 (12.3) 32.7 (13.2) 30.9 (9.9) 32.4 (14.5) .2 .639 <.01 .2 .640 <.01 .4 .507 .01 

PCL past 34.7 (13.7) 36.4 (14.5) 31.9 (10.4) 33.5 (14.0) .1 .748 <.01 2.0 .159 .02 .5 .492 .01 

PSWQ 49.0 (12.9) 53.0 (12.2) 48.2 (9.6) 49.4 (11.1) 1.4 .233 .02 1.6 .209 .02 .4 .536 .01 

RRS-Brooding 10.1 (3.0) 10.7 (3.4) 10.0 (2.7) 10.1 (3.3) .3 .600 <.01 .5 .473 .01 .2 .653 <.01 

 

Note. HADS=Hospital Anxiety and Depression Scale, PANAS=Positive and Negative Affect Schedule; PCL=PTSD Checklist, 

PSWQ=Penn State Worry Questonnaire, RRS-Brooding=Ruminative Response Scale, Brooding subscale. 
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Table 3. Means, standard deviations, and results from Repeated Measures ANOVAs from the FREE condition 

 Pregnant women  

(N=59) 

Control women  

(N=59) 

Within-effect 

(Temporal direction) 

Between-group  

effect 

Temporal direction x 

Group 

 Memories Future 

projection 

Memories Future 

projection 

F P ηp
2 F p ηp

2 F p ηp
2 

Number generated 5.6 (1.6) 2.0 (1.3) 6.5 (1.4) 1.3 (1.0) 377.7 <.001 .77 0.2 .686 .001 10.9  <.001 .09 

Number of specific events 2.7 (1.7) .6 (.8) 4.9 (1.9) .7 (.7) 313.6 <.001 .73 41.1 <.001 .26 33.4 <.001 .22 

Distance in years  -15.7 (6.7) 1.4 (2.5) -10.6 (4.8) .5 (.8) 164.2 <.001 .65 23.6 <.001 .21 13.1 <.001 .13 

 

Note. Significant results are in bold text. 
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Table 4. Means, standard deviations, and results from Repeated Measures ANOVAs from the FORCED condition 

 Pregnant women  

(N=59) 

Control women  

(N=59) 

Within-effect 

(Temporal direction) 

Between-group  

effect 

Temporal direction x 

Group 

 Memories Future 

projection 

Memories Future 

projection 

F p ηp
2 F p ηp

2 F p ηp
2 

Distance in years -10.0 (6.0) 1.9 (3.6) -5.5 (4.1) 3.3 (3.8) 80.6 <.001 .42 6.2 .014 .05 24.2 <.001 .18 

Specificity 2.5 (1.2) 1.8 (1.1) 3.5 (.7) 2.7 (1.2) 42.4 <.001 .27 44.6 <.001 .28 .1 .715 <.01 

Intensity 3.4 (1.5) 3.8 (1.4) 3.4 (1.3) 3.5 (1.4) 2.2 .140 .02 .3 .566 <.01 1.4 .243 .01 

Valence 1.3 (1.1) 1.9 (.9) 1.0 (.8) 1.8 (.9) 35.6 <.001 .24 1.3 .253 .01 .2 .693 <.01 

Physical reaction 2.8 (1.5) 3.1 (1.6) 2.6 (1.4) 2.7 (1.3) 3.7 .058 .03 2.2 .142 .02 .4 .519 <.01 

Vividness 5.2 (1.4) 4.5 (1.5) 4.8 (1.0) 4.4 (1.3) 20.9 <.001 .16 1.2 .274 .01 1.2 .270 .01 

Perspective 2.3 (1.4) 2.4 (1.4) 2.7 (1.4) 3.2 (1.7) 4.1 .044 .04 6.8 .010 .06 1.7 .200 .01 

Rehearsal 3.9 (1.4) 3.4 (1.5) 3.4 (1.2) 2.5 (1.1) 29.3 <.001 .21 12.3 .001 .10 2.0 .162 .02 

Voluntary recall 2.6 (1.4) 3.0 (1.4) 2.5 (1.0) 2.5 (1.2) 4.1 .045 .04 3.5 .063 .03 .8 .375 .01 

Involuntary recall 3.3 (1.5) 3.8 (1.5) 2.8 (1.4) 2.8 (1.4) 2.0 .161 .02 13.0 <.001 .10 2.4 .128 .02 

CES 2.0 (.9) 2.3 (.9) 1.7 (.6) 2.1 (.9) 14.4 <.001 .11 4.2 .043 .04 1.0 .319 .01 
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PCL 1.1 (.4) 1.3 (.4) 1.1 (.2) 1.2 (.2) 1.3 .258 .01 <.1 .971 <.01 <.1 .971 <.01 

 

Note. Significant results are in bold text. 
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Table 5. Means, standard deviations, and results from Repeated Measures ANOVAs comparing birth- and non-birth-related events 

 Birth-related Non-birth-related  Within subjects effect  

(Temporal direction) 

Within subjects effect  

(birth-related or not) 

Temporal direction x  

birth-related 

 Memories Future 

projection 

Memories Future 

projection 

F p ηp
2 F p ηp

2 F p ηp
2 

Distance in years 10.2 (6.6) 1.9 (3.8) 10.6 (6.9) 2.2 (4.2) 41.7  <.001 .50 2.0 .160 .05 1.4  .246 .03 

Specificity .5 (.5) .6 (.4) .4 (.3) .5 (.3) 1.6 .233 .15 5.8 .039 .39 .4 .531 .05 

Intensity 4.1 (1.9) 4.1 (1.8) 3.3 (1.6) 3.7 (1.7) 0.7 .435 .07 4.3 .069 .32 0.1 .803 .01 

Valence 1.5 (1.7) 2.1 (1.0) 1.2 (1.1) 1.8 (1.2) 1.4 .274 .13 4.3 .067 .33 0.1 .724 .01 

Physical reaction 3.2 (1.9) 3.7 (1.7) 2.8 (1.5) 3.0 (1.8) 0.1 .712 .02 15.8 .003 .63 0.1 .820 .01 

Vividness 5.7 (1.5) 4.9 (1.7) 5.2 (1.5) 4.5 (1.6) 9.0 .015 .50 0.4 .530 .05 <.01 .990 <.01 

Perspective 1.6 (.9) 2.4 (1.6) 2.3 (1.4) 2.6 (1.8) 0.4 .570 .04 9.1 .015 .50 0.9 .376 .09 

Rehearsal 4.7 (1.7) 3.4 (1.8) 3.8 (1.4) 3.3 (1.6) 0.6 .448 .07 2.5 .150 .22 1.2 .305 .12 

Voluntary recall 3.5 (2.0) 3.1 (1.7) 2.4 (1.4) 2.7 (1.5) 0.7 .426 .07 2.6  .143 .22 1.7  .225 .16 

Involuntary recall 4.1 (1.9) 4.2 (1.6) 3.2 (1.5) 3.7 (1.7) 0.7 .424 .07 6.5 .032 .42 1.1 .321 .11 

CES 2.8 (1.5) 2.5 (.9) 2.0 (.9) 2.0 (.9) 0.5 .479 .06 7.7 .021 .46 0.2 .656 .02 
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PCL 1.6 (1.0) 1.3 (.4) 1.2 (.4) 3.2 (1.2) 1.2 .297 .12 1.3 .284 .13 2.0 .196 .18 

 

Note. Significant results are in bold text.  
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Figure 1. Distance in years from current age to retrieved memory (left panel) or future prediction (right panel). 
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Figure 2. Fitting a logarithmic function of retention time in the prediction of the frequency of 

memory records. Note. In order to estimate distance from the present in the first bin (the bin of 0), we 

used the data from those who had reported that their memory was less than one year old. We estimated 

distance from the presence in proportion of a full year by calculating days from the present/365. We then 

used this mean proportion as the value for the x-axis in the first bin, instead of zero.
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